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Advanced  Boeing  openings  for  Engineers  and  Scientists 

You  will  find  career  exeilement  in  many  of  the 
challenging  programs  at  Boeing's  Aero-Space 
Division.  Some  of  these  programs  —  the  ad- 

vanced Saturn  S-IC  first-stage  booster,  for  ex- 
ample—  are  under  the  management  of  newly- 

formed  divisional  organizations  that  can  offer 
you  unique  ground-floor  opportunities. 

Other  openings  with  rapid-advancement  po- 
tential are  immediately  available  on  the  Dyna- 

Soar  space  glider  program  and  the  solid-fuel 
Minuteman  ICBM.  Assignments  are  available  in 
many  fields  of  activity,  including  Research  and 
Development,  Design,  Manufacturing  and  Test. 

In  addition  to  professionally  stimulating 

careers,  these  Boeing  openings  can  offer  you  — 
and  your  family  —  a  wide  variety  of  Jiving  ad- 

vantages, including  geographic  locations  such 
as  the  uncongested  Pacific  Northwest,  Florida 
resort  areas  and  historic  New  Orleans. 

Salaries  are  commensurate  with  education  and 
experience.  Minimum  requirements  are  a  B.S. 
degree  in  any  applicable  scientific  discipline. 
Boeing  pays  moving  and  travel  allowances  to 
newly-hired  engineers. 

Send  your  resume  today  to  Mr.  Lawrence  W . 
Blakeley,  The  Boeing  Company,  P.  0.  Box  3822- 
MRZ,  Seattle  24,  Washington.  Boeing  is  an 
equal  opportunity  employer. 

Assignments  are  available  for: 
Structures  Engineers 
Electronic,  Electrical  Engineers 
Mechanical  Engineers 
Industrial  Engineers 
Manufacturing  Engineers 
Propulsion  Engineers 
Aeronautical  Engineers 

Cryogenicists Base  Installation  Engineers 

Physicists Mathematicians 

Divisions:  Military  Aircraft  Systems   •   Transport   •   Vertol    •    AERO-SPACE  .  Industrial  Products  — Boeing  Scientific  Research  Laboratories 
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Mariner  II  rises  from  Cape  Canaveral  aboard 
its  Ailas-Agena  vehicle  on  Aug.  27.  If  mid- 
course  maneuver  expected  early  this  week  is 
successful,  spacecraft  should  fly  within  10,- 
000  miles  of  Venus  in  December.  See  p.  15. 
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Some  men  are  drones.  They  operate  only  under  remote  control.  They  respond  to  instruc- 
tion rather  than  inspiration.  Their  professional  journey  is  blind,  predestined,  mechani- 
cal. ■  They  will  not  home  in  at  UTC.  ■  United  Technology  Corporation  is  one  of  the 

nation's  fastest  growing  companies  devoted  to  rocket  propulsion.  UTC  has  an  increas- 
ing number  of  challenging  positions  available,  in  projects  involving  ablation-cooled 

thrust  chambers;  hybrid  rockets;  storable  propellants;  segmented,  solid-propellant 
space  boosters  developing  hundred-thousand-pound  thrust  levels.  UTC's  scientific 
assets  include  a  30-acre  Research  and  Engineering  Center,  a  5000-acre  Development 
Center,  a  technical  staff  preeminent  in  American  rocketry,  and  the  solid  backing  of  the 
parent  organization,  United  Aircraft  Corporation.  ■  Drone-ism  is  a  bad  habit.  Scien- 

tists who  have  developed  the  enviable  habit  of  intellectual  quest  will  come  to  UTC  to 

help  develop  some  of  America's  best  rocket  motors.  ■  An  Equal  Opportunity  Employer. 

For  information,  contact  J.  W.  Waste,  Dept.  17B,  P.O.  Box  358,  Sunnyvale,  California 
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Opportunities  in 

Rocket  Propulsion 

UTC 

Sr.  Design  Engineers  —  Supervision 
of  a  group  in  design  of  Solid  Rocket 
Motor  Components.  Requires  Profes- 

sional Degree  and  a  minimum  of  5 
years  rocket  design  experience. 
Design  Engineers  —  Design  and 
development  of  Large  Solid  Rocket 
Motor  Components.  Includes  design 
of  Cases,  Thrust  Vector  Control  Sys- 

tems, Nozzle  Hardware  and  Ignition 
Systems,  analysis  of  Internal  Ballis- 

tics. Requires  BS  or  MS  in  ME,  AE, 
Physics,  or  ChE.  Responsibilities  as- 

signed according  to  capability. 
Solid  Rocket  Project  Engineers — 
Participate  in  all  phases  of  Solid 
Propel lant  Rocket  development  with 
emphasis  on  Design,  Processing,  and 
Testing  of  large  Solid  Rocket 
Engines.  Excellent  growth  potential. 
Requirements  include  an  Engineer- 

ing Degree,  plus  5  years  experience 
in  Rocket  Engine  development. 
Senior  Engineering  Specialists- 
Originate  Advanced  Design,  Analysis, 
and  Evaluation  of  Liquid  and  Hybrid 
Rockets,  Systems,  and  Components. 
Requires  Engineering  Degree  plus  a 
minimum  of  8  years  creative  and 
original  analytical  work. 
Structures  Engineers  and  Stress 
Analysts — As  a  member  of  UTC's 
Engineering  Sciences  Staff,  will  de- 

velop and  apply  Experimental  and 
Theoretical  Methods  of  Stress  Anal- 

ysis. Will  consult  with  Designers  and 
Project  Engineers  in  assuring  Struc- 

tural Integrity  of  all  Rocket  Motor 
Assemblies  and  Components.  Re- 

quires BS  or  MS  Aeronautical,  Me- 
chanical, or  Civil  Engineering;  as- 

signments will  be  made  commensu- 
rate with  abilities. 

Quality  Control  Engineers  — Posi- 
tions at  several  levels  are  available 

for  Engineers  with  experience  in  QC 
Engineering  associated  with  Solid 
Propellants,  Chemical  Processing,  or 
Allied  Fields.  Responsibilities  will 
be  for  Quality  Control  efforts  in  Pro- 

grams in  Rocket  Propulsion  Devel- 
opment, from  design  through  final 

test  and  delivery.  The  positions  re- 
quire an  Engineering  Degree  and  1 

to  8  years  of  QC  experience. 

United  Technology 

Corporation  ^gg|B> 
Dept.  19B,  Box  358,  Sunnyvale,  Calif. 

u 'ED  AIF 
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Opportunities  in 

Rocket  Propulsion 

UTC 

STRUCTURES  ENGINEERS 

AND  STRESS  ANALYSTS 

United  Technology  Corporation 
has  career  opportunities  at  various 
levels  for  Structures  Engineers 
and  Stress  Analysts. 

Project  assignments  will  involve 
work  in  many  exciting  rocket  pro- 

pulsion programs,  including  multi- 
megapound  solid  propellant  super 
boosters,  hybrid  rocket  engines, 
and  other  rocket  motor  projects. 

As  a  member  of  UTC's  Engineering 
Sciences  staff,  successful  appli- 

cants will  develop  and  apply 
experimental  and  theoretical 
methods  of  structural  analysis. 
You  will  participate  in  group  effort 
involving  thermodynamics  and 
structures  analysis  associated 
with  our  various  propulsion  pro- 

jects. You  will  consult  with  design- 
ers and  project  personnel  in  as- 

suring structural  integrity  of 
rocket  motor  components  and 
assemblies. 

Requirements:  An  advanced  de- 
gree in  aeronautical,  mechanical, 

or  civil  engineering,  preferably 
with  experience  in  structural 
analysis  of  aircraft/aerospace 
components. 

United  Technology  Corporation's new  Research  and  Engineering 
Center  is  located  in  the  heart  of 
the  San  Francisco  Bay  area;  you 
will  find  contemporary  living  at  its 
finest,  and  an  unparalleled  variety 
of  recreational  activities. 
UTC  is  an  Equal  Opportunity 
Employer. 

United  Technology 

Corporation  ̂ gH^ 
Dept.  142-B,  Box  358,  Sunnyvale,  Calif. 
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letters 

'The  Big  Knife' 
To  the  Editor: 

You  are  to  be  commended  for  your 

Aug.  20  editorial  ("The  Big  Knife"),  espe- 
cially your  seven-point  program  for  action. 

There  is  no  question  that  No.  7  in  your 
list,  and  the  bulldog  grip  of  a  number  of 
scientific  advisers  on  the  President  and 
DOD  is  jeopardizing  our  very  existence. 

It  appears  that  in  the  U.S.  the  scientists 
are  calling  the  shots.  A  reputation  in  poly- 

mers or  a  prize  in  genetics  qualifies  many 
to  pass  judgment  on  operational,  political, 
or  strategic  factors  for  which  they  have 
neither  the  background  nor  the  inclination. 
The  dark  picture  some  paint  of  radiation 
dangers  reminds  us  of  the  pessimists  who 
howled  about  the  sonic  barrier  and  the 
thermal  thicket — both  of  which  we  now 
call  old  hat.  The  engineers  and  strategists 
are  hamstrung.  Reports  from  the  USSR 
or  discussions  with  Soviet  scientists  indi- 

cate that  engineers  and  strategists  there 
have  literally  dragged  their  scientists 
screaming  into  the  Space  Age.  The  external 
shell  of  the  Soviet  space  effort,  for  propa- 

ganda consumption,  is  peaceful  scientific 
use.  The  core  and  direction  of  the  effort  is 
military-engineering-oriented  —  winged  ve- 

hicles, big  boosters — all  with  serious  impli- cations for  us. 
We  also  hear  much  today  about  public 

criticism  of  our  space  effort  and  its  cost. 
The  main  difficulty  here  is  that  our  NASA 

space  program  is  being  sold  to  the  Ameri- can public  on  a  peaceful-uses,  scientific 
basis.  Historically,  this  approach  has  never 
met  with  much  success.  What  is  really  vital 
is  to  redirect  our  space  effort  along  the 
lines  of  military  need — the  area  in  which 
the  true  danger  from  the  Soviet  achieve- ment exists.  The  recent  Russian  success  is 
frightening  in  its  military  implications 
when  placed  in  contrast  to  our  deliberate 
but  plodding  approach  along  so-called scientific  lines.  It  should  be  noted  that  we 
tried  the  same  separation  of  scientific  ap- 

proach in  Vanguard,  which  was  an  abysmal 
failure;  only  when  we  diverted  military 
developments  did  we  crack  the  orbital  bar- 

rier. The  contention  of  some  that  it's  easy 
in  Washington  to  get  money  for  military 
machines  is  erroneous,  at  least  in  regard 
to  military  space  machines. 

Evidently  we  have  learned  very  little 
from  history.  Practically  all  of  the  signifi- 

cant technological  advances  in  aircraft 
electronics,  and  similar  fields  have  been 
made  under  the  pressure  of  military  and 
national  survival  needs.  The  fallout  to 
science  and  engineering  and  consumer  wel- 

fare has  been  tremendous — the  707  jet- 
liner, the  radar  traffic  control,  the  com- 
puter, the  printed  circuit  in  our  TV  sets, 

the  transistor  radio  every  teen-ager  carries 
are  cases  in  point.  Now  we  are  letting  the 
tail  wag  the  dog.  running  a  space  program 
under  the  suicidal  guise  of  peaceful  uses 
and  hoping  we'll  get  fallouts  for  mili- 

tary use. In  essence,  we  are  really  faced  with 
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a  situation  where  it  seems  that  only  the 
appearance  of  a  Billy  Mitchell  type  of 
space  proponent  willing  to  sacrifice  a  sig- 

nificant career  can  jar  some  of  the  fuzzy 
thinking  now  being  pursued  at  our  highest 
administration  levels.  When  the  aircraft 
controversy  was  raging  in  the  thirties,  we 
had  time  to  correct  our  mistakes;  now  we 
do  not.  With  a  country  that  can  spend 
$7  billion  per  year  on  liquor,  $4  billion 
on  horse  racing  and  $4  billion  on  tobacco, 
should  we  really  be  concerned  over  the 
bleeding  hearts  who  bemoan  the  strain  on 
our  resources  supposedly  imposed  by  sup- 

porting a  military  space  program  upon 
which  our  national  survival  may  depend? 

The  public  must  know  that  we  have  no 
significant  military  space  program  now, 
despite  the  euphoric  pronouncements  of 
DOD.  We  must  have  one.  It  may  cost  more 
than  we  are  now  spending. 

George  R.  Arthur,  PhD 
Levittown,  Pa. 

To  the  Editor: 
I  have  received  every  issue  of  Missiles 

and  Rockets  since  its  inception  and,  where 
time  permitted,  read  all  or  parts  of  each 
issue.  There  have  been  times  when  I  have 
disagreed  with  your  editorial  and  reporting 
policies  but  have  made  no  comment. 

However,  the  editorial  entitled  "The 
Big  Knife"  compels  me  to  shout  a  loud 
"Hurrah"  for  you.  I  am  behind  you  100 
per  cent. 

After  having  worked  a  good  number 
of  years  for  DOD  in  the  missile  field,  I  am 
now  working  under  NASA  in  the  space 
exploration  "game."  I  find  little  comfort in  the  statements  made  by  top  NASA 
officials  that  our  game  is  going  well  and 
that  we'll  soon  be  ahead  (or  are  already 
ahead,  depending  on  which  day's  news- 

paper one  reads).  Can  their  "comforting" statements  comfort  anyone  who  merely 
looks  at  the  scoreboard?  Can  their  state- 

ments comfort  us  who  work  for  NASA, 
or  the  general  public,  that  our  team  cap- 

tains are  really  as  bright  as  they  should  be? 
Name  Withheld  on  Request 

Vostoks  III  &  IV 

To  the  Editor: 
I  would  like  to  add  some  useful  infor- 

mation to  the  continuing  debate  that  has 
arisen  as  a  result  of  the  Russian  demon- 

stration of  guidance,  control  and  multiple 
launching  capability  in  the  prolonged  flights 
of  Cosmonauts  Nikolayev  and  Popovich. 
Because  of  the  (relatively)  low  perigees, 
the  orbit  parameters  for  Vostok  HI  and  IV 
changed  rather  rapidly;  most  calculations 
made  are  necessarily  somewhat  inexact. 
Nevertheless,  for  the  present  commentary 
such  variations  are  trivial  and  may  be 
neglected.  Consider  the  following  orbital 
parameter  values  published  in  Izvestia  and 
Pravda  of  Aug.  12  and  13: 

Vostok  III  Vostok  IV 
Orbital  Period      88.2  min.  88.3  min. 
Orbit  Plane 

Inclination         64°  59'  64°  57' Apogee  141.42  s.  mi.  145.9  s.  mi. Perigee  109.8  s.  mi.  110.54  s.  mi. 
A  plane  (more  or  less)  normal  to  the 

Vostoks'  velocity  vectors,  cutting  both  orbit 

planes  and  passing  through  the  Earth's 
center  yields  the  diagrams  in  the  accom- 

panying figure.  This  indicates  the  geometric 
relationship  between  the  spacecraft  during 
their  orbital  sojourn.  As  can  be  seen  in 
the  figure,  the  volume  that  contained  both 
spacecraft  had  a  varying  (approximately) 
trapezoidal  cross-section  defined  by  points 
ABCD.  At  two  points,  the  nodes  of  these 
orbital  planes,  the  horizontal  dimension 
(e.g.,  AB  and  CD)  go  to  zero,  leaving  only 
an  altitude  variation  to  consider. 

Earth's  center 

These  particular  points  should  be  noted: 
A.  The  maximum  altitude  difference 

between  the  two  spacecraft  occurred  at 
apogee;  this  was  4.5  statute  miles. 

B.  The  minimum  altitude  separation 
was  at  perigee;  this  was  0.74  statute  miles. 

C.  The  angular  separation  of  the  orbits 
was  2  minutes  of  arc,  resulting  in  a  maxi- 

mum distance  between  the  spacecraft  of 
2.4  statute  miles  at  apogee  and  a  minimum 
distance  of  2.3  statute  miles  at  perigee. 

Consequently,  it  can  be  seen  that  the 
slot  that  the  Vostoks  traveled  in  was  never 
more  than  2.4  miles  wide  and  never  more 
than  4.5  miles  in  height.  This  indicates  a 
high  capability  for  accomplishing  the  desir- 

able procedure  of  rendezvous.  Moreover, 
since  the  separation  distance  along  the 
orbital  path,  noted  early  in  the  group  flight, 
during  the  sixth  orbit,  was  something  less 
than  75  miles,  it  is  reasonable  to  assume 
that  a  rendezvous  and  docking  procedure 
could  have  been  carried  out  with  relative 
ease  (and,  of  course,  may  have  actually 
taken  place). 

The  parenthetic  remark  is  strengthened 
if  one  notes  that  the  separation  rate  of  the 
Vostoks,  during  the  sixth  orbit  sighting, 
was  about  50  miles  per  orbit.  At  this  rate 
the  two  Vostoks  should  have  been  in  the 
positions  noted  in  the  figure  with  no  sepa- 

ration along  the  orbital  track  (e.g.,  some- 
where between  apogee  and  perigee  sepa- 

rated only  by  a  small  altitude  differential 
and  a  small  horizontal  distance)  at  about 
(he  interval  midway  between  the  fourth 
and  fifth  orbits.  Thus  the  spacecraft  either 
changed  positions  during  this  interval  or 
they  were  quite  close  (docked?)  and  then 
commenced  separation,  using  an  impulse 
to  place  Vostok  III  in  the  lead  for  the 
remainder  of  the  flight. 

Saunders  B.  Kramer 
Senior  Member,  American 

Astronautical  Society 
Fellow,  British  Interplanetary Society 

Sunnyvale,  Calif. 

RELIABILITY 

*"Birds,"such  as  the  Advanced  POLARIS 
(we  build  the  guidance  system);  the 
"birds"  for  anti-missile  defense  (we  have 
boost-intercept,  mid-course  and  terminal 
studies  under  way);  the  orbiting  "birds" like  SYNCOM  (our  synchronous  commu- 

nications satellite);  the  soft  lunar  landing 
"birds"  like  SURVEYOR— and  there  are 
others. 

At  Hughes  in  Southern  California,  a  scien- 
tific, organized  approach  to  total  relia- 
bility makes  the  Reliability  Engineer  a  key 

man  in  every  phase  of  every  program— 
from  proposal  to  production. 
A  few  of  our  current  openings  for  quali- 

fied Reliability  Engineers  include: 

SYSTEM  RELIABILITY  ANALYSTS 
To  determine  reliability  requirements  and 
make  reliability  forecasts  for  weapon  sys- 

tems under  development. 

QUALITY  ASSURANCE  ENGINEERS 
Experienced  in  quality  control  manage- 

ment, quality  testing,  electronic  test  in- 
strumentation, processing  of  performance 

data  and  development  of  corrective 

programs. COMPONENT  RELIABILITY 
SPECIALISTS 

With  experience  in  reliability  and  failure 
analysis  of  components,  testing  methods, 
test  equipment  design  and  environmental testing. 

RELIABILITY  ENGINEERS 
Familiar  with  organizing  reliability  pro- 

grams, circuit  analysis,  maintenance 
analysis,  test  planning,  missile  system 
test  and  failure  analysis,  parts  standard- 

ization and  selection,  documentation, 
qualification  and  Mil  Specs. 

If  you  feel  that  you  are  qualified  by  interest, 
training  and  experience— and  hold  a  degree 
from  an  accredited  university  and  U.S.  Citizen- 

ship, we  would  like  to  talk  with  you. 
Please  airmail  your  resume,  in  confidence,  to: 

MR.  ROBERT  A.  MARTIN 
Head  of  Employment 

creating  a  new  world  with  electronics 

!  HUGHES  j 

i  .  i HUGHES  AIRCRAFT  COMPANY 
AEROSPACE  DIVISIONS 

1 1940  W.  Jefferson  Blvd. 
Culver  City  56,  California 

An  equal  opportunity  employer 
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Mindpower  and  Manpower, 

shaping  the  future  in 

COMMUNICATIONS 

and  ELECTRONIC  SYSTE
MS 

ENGINEERS:  Today  the  men  at  Motorola 

are  developing  resourceful  solutions  to  the 

complex  problems  of  America's  most  advanced communications  and  electronic  systems. 

Creative  mindpower  is  being  applied  to  such 

vital  areas  as  the  Navy's  sonobouy  and 

oceanographic  instrumentation  programs... the 

Army's  VHF  single  side  band  radio  central 

system . .  .the  Air  Force's  UHF  ground-air 

communications  system... and  NASA's  cis-lunar 
and  deep  space  tracking  programs.  Advanced 
studies  are  also  being  made  in  random 

access  digital  communications,  digital-to-voice 
translation,  high  speed  teleprinting,  phased 

arrays  and  solid  state  circuitry. To  participate  in» 
this  challenging  work,  write  today  describing  ft 

in  detail  your  experience  in  the  following  areas: 

Systems  Design  •  analysis  and  synthesis  of 

complete  systems  for  operation  in  hydro- 
space,  surface  and  aerospace  environments.  Human 
factors  engineering  and  operations  research. 

Equipment  Design  •  high  performance 
solid  state  receivers,  transmitters,  frequency 

synthesizers  and  data  handling  equipment  for  radar 
and  communications  systems,  oceanographic 
instrumentation  systems  and  display  complexes. 

Familiarity  with  State-of-the-Art  •  statistical 
communications  theory,  advanced  signal  processing  , 

techniques,  ultra-reliability  through  application 
of  low-level  redundancy,  advanced  structural  and 

thermal  designs  for  severe  environments. 

We  are  particularly  interested  in  the  programs  on 
which  this  experience  was  obtained,  and  the  extent 

of  your  technical  responsibility.  Address  information 
to  our  Manager  of  Engineering  at  the  location  of 

your  choice  for  immediate  and  confidential  attention. 

An  equal 
opportunity 

employer 
MOTOROLA 

Military  Electronics  Division 

CHICAGO  51,  Illinois,  14SO  North  Cicero  Avenue 
SCOTTSDALE,  Arizona,  S201  East  McDowell  Road 
RIVERSIDE,  California.  8330  Indiana  Avenue 



The  Countdown 

WASHINGTON 

AF  Getting  New  Agenas  First 

NASA  will  not  begin  to  use  the  standardized  Lock- 
heed Agena  D  upper  stage  until  late  1963  or  early  1964. 

This  means  Air  Force  will  get  first  crack  at  the  new  ve- 
hicles now  coming  off  the  assembly  line.  NASA,  mean- 
while, will  use  the  remaining  Agena  B's.  Agena  D  already 

has  been  test-flown  (M/R,  Aug.  20,  p.  10). 

Mercury  Is  Slipping  Again 

Project  Mercury's  MA-8  shot  is  running  into  the 
same  slippage  that  plagued  its  predecessors.  Originally 
set  for  the  second  week  in  September,  technical  problems 
already  have  pushed  the  launch  back  to  Sept.  25.  The 
possibility  of  further  slippage  due  to  the  new  radiation 
belt  (M/R,  Aug.  27,  p.  13)  still  has  not  been  excluded. 

Aerospace  Plane  Committee  Completes  Work 
The  special  ad  hoc  committee  drawing  up  a  joint 

research  program  for  Aerospace  Plane  now  has  com- 
pleted its  work.  Approval  by  top  NASA  and  Department 

of  Defense  officials  appears  months  away,  however.  Much 
will  depend  on  how  fast  the  Air  Force  can  obtain  DOD 
approval  for  funding.  Although  NASA  has  a  long-term 
requirement  for  a  recoverable  booster,  the  space  agency 
is  too  busy  with  Apollo  and  future  manned  programs  to 
take  much  of  an  immediate  interest  in  ASP. 

DCA  Looking  for  ComSat  Manager 

Defense  Communications  Agency — recently  given 
responsibility  for  interface  problems  of  the  re-oriented 
DOD  communications  satellite  programs — is  negotiating 
with  a  major  aerospace  firm  to  act  as  technical  advisor 
and  manager  on  the  programs.  Negotiations  are  snagged 
on  the  fact  that  the  company  might  be  excluded  from 
bidding  on  hardware  for  any  defense  communications 
projects. 

Anti-Satellite  Zeus  Still  under  Study 

Department  of  Defense  confirms  that  it  still  is  study- 
ing possible  use  of  Nike-Zeus  as  an  anti-satellite  weapon 

but  refuses  to  comment  further  on  the  prospect.  Project 
Hi-Hoe  (M/R,  Aug.  20,  p.  16)  also  has  anti-satellite 
implications. 

No  New  Boosters  on  Vostoks 

Department  of  Defense  study  of  the  orbits  and  other 
available  data  from  the  twin  Vostok  space  flights  has  lead 
to  the  conclusion  that  no  new  boosters  were  used  to 
launch  them.  Meanwhile,  industry  firms  connected  with 
the  military  tracking  network  confirm  that  there  are  no 
data  to  support  a  conclusion  that  the  two  Soviet  craft 
accomplished  rendezvous  and  docking. 

Apollo  Fashion  Note 

NASA  is  developing  a  water-filled  jacket  to  help  pro- 
vide radiation  protection  for  Apollo  astronauts.  The  torso 

jacket,  covering  the  body  from  neck  to  pelvis,  will  be 
inflated  with  water  to  a  thickness  of  about  three  inches. 

Mercury  Radiation  Data  Classified 

Radiation  data  from  Project  Mercury  flights  will  re- 
main classified  to  keep  the  information  from  the  Rus- 
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sians,  according  to  a  NASA  spokesman.  He  says  NASA 
also  will  hold  a  tight  rein  on  Apollo  data  for  two  rea- 

sons: "We  don't  want  to  talk  about  something  that  might 
change,  and  we  don't  want  to  help  the  Russians  any 
more  than  necessary.  Let  them  work  for  it  themselves." 
Problem:  how  to  square  this  attitude  with  the  freedom 
of  information  provisions  in  the  NASA  enabling  act. 

Reserves  to  Get  ENTAC  Missiles 

Some  $5  million  worth  of  French-made  ENTAC 
antitank  missiles  are  scheduled  for  delivery  to  high- 
priority  Reserve  and  National  Guard  units  during  Fiscal 
'63.  Some  consideration  was  given  to  equipping  the  units 
with  the  older  SS-11,  but  this  has  been  ruled  out. 

INDUSTRY 

NASA  Studies  GE  Eligibility 

Question  of  whether  General  Electric  is  eligible  for  a 
Lunar  Logistics  Vehicle  contract  despite  its  Project 
Apollo  systems  integration  contract  (M/R,  Aug.  27,  p. 
10)  still  is  under  discussion  by  top  NASA  and  GE  offi- 

cials. This  could  be  an  important  test  case.  Industry  is 
concerned  about  a  recommendation  in  the  Bell  report 
on  government  R&D  contracting  that  firms  giving  tech- 

nical advice  to  an  agency  be  excluded  from  bidding  on 
hardware  contracts.  This  is  being  interpreted  by  some 
DOD  officials  to  be  an  across-the-board  ruling  covering 
all  agencies.  This  could  exclude  a  firm  with  a  NASA 
ComSat  integration  contract  from  bidding  on  hardware 
in  a  DOD  ComSat  program. 

Marquardt  to  Get  Plasma  Contract 
NASA  is  negotiating  a  contract  with  Marquardt  Corp. 

for  a  program  of  applied  research  and  experimental  test- 
ing to  establish  and  demonstrate  feasibility  of  plasma 

propulsion.  Eventual  goal  is  achievement  of  high  acceler- 
ation for  both  manned  and  unmanned  spacecraft  on  long 

interplanetary  missions. 

Minuteman  Troubles  Traced 

Two  most  recent  Minuteman  launch  failures  had 
nothing  to  do  with  the  fact  that  they  were  Wing  II  ve- 

hicles. Cause  of  one  has  been  traced  to  computer  trouble 
and  the  other  to  a  first-stage  malfunction.  New  second 
stage  got  a  clean  bill  of  health. 

INTERNATIONAL 

First  Japanese  Missile  Launch  Due 
First  launching  of  Japanese-made  guided  missiles  is 

scheduled  on  the  newly-completed  Niijima  Island  missile 
range  south  of  Tokyo  late  in  September.  Missiles  to  be 
fired  are  a  TRAM  2  ground-to-air  weapon  and  a  TAAM 
air-to-air  rocket  similar  to  the  U.S.  Sidewinder. 

Italy  Planning  Equatorial  Launch 

Italy  plans  to  put  the  first  equatorial-launch  satellite into  orbit  in  about  three  years.  Launch  is  to  be  from  a 
Texas  Tower-type  platform  in  the  Indian  Ocean.  Satel- 

lite, weighing  165  lbs.,  will  be  designed  to  measure  local 
density  in  the  upper  atmospheric  layer  at  altitudes  of  200- 
300  km.  Goddard  Space  Flight  Center  will  assist  in  the 
training  of  Italian  scientists  on  the  project. 
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SPACE  POWER  SYSTEM  UTILIZES 

-REQUIRES  NO  RADIATORS 

One  space  power  system  now  in  the 
advanced  test  phase  at  Sundstrand 
Aviation- Denver  avoids  the  life- 

limiting  possibility  of  radiator  me- 
teoroid  penetration  by  utilizing  all 

vehicle  waste  heat  in  the  thermo- 
dynamic cycle.  Even  the  body 

heat  of  the  astronauts  is  used  in 

the  CRYHOCYCLE-R,  a  recipro- 
cating expansion  engine  which  uses 

such  normally  wasted  heat  to  ex- 

pand liquid  hydrogen  in  its  cylin- 
ders. A  generator,  connected 

through  a  small  gearbox,  provides 

up  to  10kw  of  electrical  current  to 
power  instrumentation,  lights  and 
air  conditioning  in  the  vehicle. 

Heating  the  working  fluid  in  this 

unique  fashion,  both  between 

stages  and  in  the  cylinder,  signifi- 
cantly reduces  the  specific  propel- 

lant  consumption,  provides  nearly 

automatic  thermal  control,  and  re- 

quires no  radiators.  This  con- 
cept is  feasible  with  a  Sundstrand-designed  liquid  hydrogen  pump  which  takes  low  pressure 

fluid  (20  to  30  psi)  and  raises  it  to  a  pressure  of  2250  psi.  Evaporation  of  the  hydrogen  to 
gaseous  form  produces  useful  cooling.  High  inlet  pressure  at  the  first  stage  makes  possible 
extremely  low  fuel  consumption,  another  benefit  inherent  in  the  pump  design.  The  pump  is 
additionally  unique  in  its  ability  to  operate  as  a  compressor  of  gaseous  hydrogen.  This  gives 
a  first  stage  recirculation  feature,  lowering  specific  fuel  consumption  still  further.  The 

CRYHOCYCLE-R  occupies  little  space,  which  together  with  the  absence  of  radiators,  makes 
it  ideal  for  lunar  operations  and  re-entry  vehicles.  Because  it  operates  on  cryogenic  propellant 

(and  can  utilize  boil-off)  it  has  many  advantages  for  rendezvous  application.  For  an  over-all 

picture  of  Sundstrand's  broad  experience  in  cryogenic,  storable,  and  solar  power  systems  or 
for  help  in  your  special  pump  problems,  send  a  request  to  our  sales  department  on  your 
business  stationery.  If  you  would  like  to  work  on  the  Sundstrand  engineering  team,  finding 
practical  solutions  to  challenging  space  problems,  write  to:  Personnel  Director, 

nil  mini  SUNDSTRAND  aviation  •  Denver 
A  Division  of  Sundstrand  Corporation 
2480  West  70th  Avenue,  Denver  21,  Colorado 
SUNDSTRAND  IS  AN  EQUAL  OPPORTUNITY  EMPLOYER 

The  Missile / Spaa 

Shots  of  the  Week 

Mariner  11,  NASA's  second  at- 
tempt to  send  a  spacecraft  to  within 

10,000  miles  of  the  planet  Venus,  was 
successfully  launched  from  Cape  Ca- 

naveral Aug.  27  by  an  Atlas-Agena 
(see  p.  15) .  An  error  of  some  250,000 
miles  was  discovered  in  the  447-lb. 
spacecraft's  trajectory  after  injec- 

tion. However,  this  error  can  be  elim- 
inated, JPL  scientists  say,  by  com- 

manding a  midcourse  maneuver.  Set 
for  this  week,  the  maneuver  is  ex- 

pected to  add  a  velocity  increment 
of  about  80  mph  to  Mariner  and  there- 

by bring  it  back  to  its  trajectory. 
•  The  Air  Force  attempted  to 

orbit  two  secret  satellites.  One  was 
sent  up  from  Pt.  Arguello,  Calif.,  on 
Aug.  23  aboard  a  Blue  Scout;  the 
second  from  Vandenberg  AFB,  Calif., 
on  Aug.  28  on  an  Atlas-Agena.  No 
further  information  on  either  shot 
was  released. 

•  The  Army  successfully  launched 
a  Nike-Zeus  from  White  Sands  Mis- 

sile Range,  N.M.,  on  Aug.  28.  Part  of 
the  continuing  development  program 
for  the  antimissile  missile,  the  test 
reportedly  accomplished  all  of  its 
objectives. 

The  success  followed  the  destruc- 
tion in  flight  of  a  Nike-Zeus  launched 

from  Pt.  Mugu,  Calif.,  Aug.  24.  An 
automatic  device  "set  to  extremely 
close  limits  to  ensure  flight  safety" activated  and  terminated  the  test 
when  the  third  stage  malfunctioned, 
an  Army  announcement  said. 

•  A  Polaris  missile  carrying  com- 
ponents of  the  advanced,  2500-mile A3  model  was  launched  from  a  land 

pad  at  Cape  Canaveral  Aug.  27.  Re- 
portedly successful,  the  Polaris  trav- elled 1400  miles  down  the  Atlantic Range. 

Variable-Thrust  Engine  Fired 

A  long-duration,  variable-thrust 
liquid  engine  with  an  ablative  thrust 
chamber  has  been  test-fired  by  Aero- 

jet-General's Space  Propulsion  Divi- 
sion. A  variable  area  injector  han- 

dled the  throttling  providing  a  range 
from  0  to  2200  lbs.  Two  restarts  were 

accomplished  using  nitrogen  tetrox- 
ide  and  Aerozine/50.  The  test  firing 
included  a  pre-selected  thrust-level 
sequence  demonstrating  response 
characteristics  and  repeated  manual 

operation. 
Douglas  Plans  Space  Center 

Construction  will  begin  within 
the  next  few  weeks  on  Douglas  Air- 
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craft  Co.'s  privately  financed  Space 
Systems  Center  near  Huntington 
Beach,  Calif.  Located  on  a  245-acre 
site,  the  Center  is  initially  being 
built  to  meet  the  requirements  of 
NASA's  Saturn  program. 

However,  the  Space  Center  even- 
tually is  planned  to  provide  Douglas 

with  an  integrated  network  of  re- 
search and  development  laboratories 

keyed  to  future  manned  space  flight. 
The  S-IVB — an  upper-stage  ve- 

hicle for  the  Saturn  C-1B  and  Ad- 
vanced Saturn — will  be  designed,  as- 

sembled and  tested  at  the  Center. 

Senate  Restores  NASA  Cuts 

The  Senate  Appropriations  Com- 
mittee has  restored  $60  million  of  the 

$100  million  cut  from  the  NASA  Ap- 
propriation bill  by  the  House  earlier 

this  year.  Restored  was  $40  million 
in  research,  development  and  opera- 

tions funds  and  $20  million  in  con- 
struction money. 

At  the  same  time,  the  Committee 
took  notice  that  unexpected  and  un- 
programed  expenditures  may  be  re- 

quired due  to  changes  in  the  manned 
lunar  landing  program  from  Earth- 
orbit  to  lunar-orbit  rendezvous.  In 
this  event,  the  Committee  indicated 
that  a  supplemental  appropriation 
could  be  considered  early  next  year. 

AEC  Nominees  Confirmed 

James  T.  Ramey,  former  staff  di- 
rector of  the  Joint  Committee  on 

Atomic  Energy,  and  John  G.  Palfrey, 
former  Dean  of  Columbia  Univer- 

sity's undergraduate  college,  were 
confirmed  by  the  Senate  on  Aug.  24 
as  members  of  the  Atomic  Energy 
Commission. 

New  X-Ray  Source  Discovered 
An  Aerobee  rocket  fired  June  18 

to  an  altitude  of  150  miles  above  the 
White  Sands  (N.M.)  Missile  Range 
accidentally  discovered  a  new  source 
of  X-rays  in  space. 

Carrying  Geiger-counters  as  part 
of  an  Air  Force-sponsored  lunar  re- 

search program,  the  rocket  recorded 
the  X-rays — apparently  being  emit- 

ted from  the  vicinity  of  the  constel- 
lation Seorpius — and  radioed  the  data 

to  ground  stations.  Previously,  the 
Sun  had  been  the  only  known  source 
of  X-ray  emissions;  the  rocket  had 
been  intended  to  measure  the  effects 
on  the  moon  of  X-rays  from  the  Sun. 

Dr.  Riccardo  Giaconni,  an  Italian 
physicist  working  for  the  American 
Science  and  Engineering  Co.  of  Cam- 
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bridge,  Mass.,  told  the  Third  Interna- 
tional Symposium  on  X-ray  optics 

and  X-ray  Microanalysis,  that  "these 
results  are  of  tremendous  signifi- 

cance and  may  have  a  bearing  on  the 
study  of  communication  of  matter 

between  galaxies." Predicting  that  the  discovery 
would  lead  to  an  extensive  new  line 
of  research,  Giaconni  told  the  Sym- 

posium a  second  rocket  would  be 
launched  at  midnight  Oct.  2  to  gather 
further  data.  He  also  indicated  that, 
since  a  rocket's  useful  lifetime  was 
so  short,  NASA  would  be  asked  to 
launch  a  satellite  so  that  a  continuous 
check  could  be  made  on  the  X-ray 
source. 

DOD  Blocks  Industry  Briefing 
A  written  memorandum  from 

Deputy  Defense  Secretary  Roswell 
Gilpatric  to  Air  Force  Secretary  Eu- 

gene Zuckert  requesting  that  an  in- 
dustry briefing  on  AF  advance  plan- 

ning "be  revised  or  cancelled"  caused considerable  concern  in  Washington. 
Although  a  Pentagon  spokesman 

mantained  that  the  briefing — an  an- 
nual feature  of  the  AF  Ballistic 

Missile  and  Space  Technology  Sym- 
posium— was  presented  with  "no  sig- 

nificant changes,"  considerable  ma- terial was  in  fact  deleted  as  not 
reflecting  DOD  policy  on  military 
space.  As  a  result,  the  presentation 
was  completely  ineffective,  accord- 

ing to  officials  who  attended  the 
Symposium. 

The  Gilpatric  memorandum  also 
stated  that  DOD  believes  it  is  "inap- 

propriate and  unwise"  to  provide 
either  Congress  or  industry  with  in- 

formation on  advanced  AF  planning 
until  it  is  submitted  either  to  himself 
or  Defense  Secretary  McNamara. 

Gilpatric  also  pointed  out  that 
DOD's  Defense  Industrial  Advisory 
Committee  has  been  established  to 
provide  "a  forum  for  policy  discus- 

sions with  leaders  of  defense  indus- 
try" including  "discussions  of  DOD 

forward  planning  to  the  extent  that 
it  is  deemed  necessary." 

Security  Directive  Outlined 
Dept.  of  Defense  continued  last 

week  to  resist  Congressional  efforts 
aimed  at  declassification  of  its  so- 
called  "space  security"  directive. Missiles  and  Rockets,  however,  was 
able  to  obtain  a  partial  listing  of 
restrictions  imposed  on  the  military 
services  and  industrial  contractors 
by  the  directive. 

The  following  guidance  is  given 
on  preparation  of  advertisements, 
news  releases,  brochures,  financial  re- 

ports, technical  papers,  photographs, 
motion  pictures  and  other  informa- 

tion on  military  space  programs: 

•  Project  names  and  nicknames 
can  no  longer  be  used. 

•  Projects  henceforth  are  to  be 
referred  to  only  by  program  number. 

•  No  information  can  be  released 
on  missions  and  objectives  of  mili- 

tary space  programs  when  such  in- formation is  connected  to  specific 
launches  or  programs. 

•  Linking  of  any  two  of  the  three 
above  items  automatically  creates  a 
classified  document. 

•  Booster  names  such  as  Thor 
and  Atlas  may  be  used  and  space 
vehicles  such  as  Agena  may  be  re- 

ferred to  by  their  general  term. 
•  These  restrictions  are  not  to 

be  considered  as  limiting  public  dis- 
cussion of  various  space  concepts 

such  as  orbital  rendezvous,  infrared 
detection  and  scientific  research,  pro- 

viding such  discussion  is  in  generic 
terms  and  consistent  with  the  fore- 
going. 

New  WSEG  Orders  Issued 

A  new  DOD  directive  outlining 
responsibilities  of  the  Weapons  Sys- 

tem Evaluation  Group  was  under  fire 
last  week  for  its  apparent  curtail- 

ment of  the  freedom  of  action  the 
group  formerly  enjoyed. 

The  controversial  document  was 

prepared  under  supervision  of  De- fense Research  and  Engineering  chief 
Dr.  Harold  Brown. 

Omitted  from  the  new  directive 
were  two  important  phases  of  pre- 

vious WSEG  activities:  responsibil- 
ity for  undertaking  "such  studies  as 

the  group  itself  may  decide  to  initi- 
ate," and  a  stipulation  that  "service 

comments,  as  requested,  on  a  com- 
pleted report  will  be  given  the  same 

distribution  as  the  report." 
Lt.  Gen.  William  P.  Ennis,  re- 

tiring chief  of  WSEG,  told  a  con- 
gressional committee  that  the  new 

directive  will-  result  in  a  "further 
downgrading  of  the  military." Brown  admitted  he  was  fully 
aware  of  the  objections  of  profes- 

sional military  officers  to  the  direc- 
tive, but  had  in  effect  chosen  to 

ignore  the  complaints.  Notable  among 
those  ignored  was  Gen.  Lyman  L. 
Lemnitzer,  chairman  of  the  Joint 
Chiefs  of  Staff. 
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ASTRO — a  manned  reusable  spacecraft  concept  developed  by  Douglas  Aircraft. 

An  M/R  Exclusive — 

Air  Force  Studies  Space  Trainer 

Missile/ space  firms  submit  early  proposals 

In  warm-up  for  Aerospace  Plane  competition 

INDUSTRY  PROPOSALS  for  a 
space-flight  trainer  vehicle  are  now 
being  studied  by  the  Air  Force  Aero- 

space Research  Pilot  School,  Edwards 
AFB,  Calif.,  in  anticipation  of  develop- 

ment funding  of  the  vehicle  in  the  Fiscal 
1964  budget. 

The  school's  procurement  request  is to  be  forwarded  to  the  Pentagon  within 
the  next  few  months. 

Design  proposals  make  it  apparent 
that  industry,  meanwhile,  is  looking 
beyond  the  training  concept  to  take  ad- 

vantage of  the  opportunity  as  an  early 

design  exercise  on  Aerospace  Plane 
(ASP),  adding  to  already  increased  ac- 

tivity in  this  field  (M/R,  Aug.  27,  p.  12). 
Latest  in  a  series  of  proposals  from 

major  aerospace  concerns  were  received 
at  the  school  within  the  past  month 
from  North  American  Aviation  and 
Douglas  Aircraft  Co.  Other  companies 
with  proposals:  Boeing,  Chance  Vought 
and  Republic. 

•  The  proposals — North  American 
has  submitted  plans  for  an  aerospace 
research  pilot  trainer  derived  from  the 
X-15.  Called  the  STX-15,  it  would  be 

the  current  NASA  vehicle  with  some 
modifications:  new  support  equipment 
to  permit  horizontal  takeoff  from  a 
drop-off  dolly  or  rocket-sled  with  rocket 
assist,  and  a  vertical  takeoff  from  a  zero- 
launch  erector  in  addition  to  the  air- 
launch  method. 

STX-15  could  be  programed  to  simu- 
late the  X-20  in  glide.  Pentagon  budget- 

watchers  are  expected  to  favor  STX-15 
if  an  Air  Force  trainer  is  approved, 
since  it  offers  a  low-cost  development 
effort.  However,  space  school  officials 
are  said  to  favor  a  true  spacecraft  of 

12 missiles  and  rockets,  September  3,  1962 



the  type  proposed  by  Douglas. 
•  The  ASTRO  concept — Douglas 

wants  to  make  the  ASTRO  system — 
Advanced  Spacecraft  Truck/  Trainer/ 
Transport  Reusable  Orbiter — as  flexible 
as  possible.  Consequently,  the  vehicles 
developed  under  the  program  are  de- 

signed to  be  useful  for  all  missions  con- 
ceivable for  an  Aerospace  Plane:  defense 

bombardment,  reconnaissance,  satellite 
inspection,  satellite  interception  (SAINT 
II),  satellite  logistic  support,  recoverable 
space  laboratory,  astronaut  training, 
maintenance,  rescue  and  supply. 

Douglas  says  that  the  idea  behind 
the  concept  is  to  put  man  into  space 
operationally  within  the  1964-70  period. 
An  orbiting  system  is  proposed.  It 
would  draw  almost  entirely  on  today's 
technology. 

In  evaluating  the  classes  of  vehicles 
that  might  satisfy  the  ASTRO  mission, 
the  company  seriously  considered  two 
possible  classes:  the  very  large  craft 
carrying  250,000  lbs.  or  more  pay- 
load,  with  infrequent  flight  schedules; 
a  smaller  system  carrying  under  50,000 
lbs.,  with  frequent  flight  schedules. 

Douglas  decided  that  the  smaller 
system  could  be  more  easily  designed 
to  be  recoverable  and  reusable — needed 
qualities  for  an  economical  system.  It 
would  moreover  be  an  easier  system  to 
develop.  Thus  the  company  adopted  the 
idea  of  designing  a  relatively  lightweight 
system  able  to  carry  a  pay  load  of  10 
tons  into  a  modest  orbit  of  about  300 
nautical  miles.  Chief  characteristics  will 
be  the  ability  to  maneuver  both  in  orbit 
and  in  subsonic  flight. 

In  view  of  this  philosophy,  Douglas 
engineers  chose  a  lifting-body  craft  as 
the  basis  of  the  ASTRO  design. 

•  What  it  looks  like— The  ASTRO 
system  is  described  as  a  manned  booster- 
spacecraft  concept  based  upon  combin- 

ing aircraft  aerodynamics  with  rocketry. 
It  comprises  two  manned  reusable 
delta-winged  vehicles  powered  by  avail- 

able engine  types.  These  vehicles  are  the 
system's  building  blocks. 

The  delta  wings  were  derived  from 
a  subsonic  airfoil  modified  to  meet  hy- 

personic, thermodynamic,  and  aerody- 
namic stability  requirements.  Even 

though  the  configuration  favors  the  sub- 
sonic flying  regime,  the  primary  design 

factors  were  introduced  by  the  low  hy- 
personic heating  environment.  Through 

a  proper  combination  of  airfoil  geom- 
etry and  flight  mechanics,  the  dynamic 

loading  and  aerodynamic  heating  on  the 
vehicles  are  said  to  be  kept  as  small  as 
possible. 

When  the  first  vehicle  is  used  alone, 
it  takes  off  and  lands  horizontally. 

When  the  two  vehicles  are  used  in 
tandem — the  orbital  configuration — the 
pair  takes  off  vertically  and  separates. 
Each  vehicle  lands  horizontally  on  skids 
and  steerable  nose  gear. 
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Engines  using  liquid  oxygen-hydro- 
gen are  to  be  used  because  of  their 

high  performance.  Types  mentioned  by 
Douglas:  the  RL-10,  J-2  and  M-l, 
offering,  as  modules,  thrust  levels  of 
15,000  lbs.,  200,000  lbs.,  and  1.2-1.5 
million  lbs.,  respectively. 

•  Specifications  —  The  ASTRO 
spacecraft  and  booster  are  similarly  de- 

signed, basic  differences  being  the  crew 
compartments  and  power  levels. 

The  spacecraft — A  2 — is  65  ft.  long 
and  has  a  44-ft.  wing  span.  Piloted  by  a 
crew  of  two  and  ultimately  able  to  carry 
10  passengers,  the  vehicle  is  designed 
with  one  J-2  engine  and  two  RL-10 
engines  gimballed.  Internal  tankage  pro- 

vides for  165,000  lbs.  of  propellant. 
The  booster — B — is  a  scaled-up  ver- 

sion of  the  spacecraft.  The  capsule, 
however,  is  designed  for  a  one-man 
crew;  the  powerplant  comprises  one 
M-l  and  two  J-2's.  The  craft  is  95  ft. 
long  and  has  a  wing  span  of  61  ft.  In- 

ternal tankage  provides  for  594,000  lbs. 
of  propellant. 

Both  ships  in  tandem  are  159  ft. 
long,  slightly  less  than  the  length  of  a 
DC-8. 

Flight  separation  of  the  spacecraft 
— A2 — from  the  booster — B — occurs  at 
zero-g  so  that  little  difficulty  is  an- 
ticipated. 

•  Payload — Vehicle  A2  is  designed 
as  a  basic  truck  with  on-board  systems 
common  to  three  selected  missions: 
cameras  for  reconnaissance;  inspection, 
kill  and  capture  equipment  for  satellite 
surveillance;  maintenance  equipment  in- 

volving modular  spares,  tether  reels,  and 
shuttle  vehicles  for  repair,  cargo  trans- 

fer, and  general  service. 
The  shuttle  vehicle  could  be  a  self- 

dependent  system,  manned,  with  pro- 
pulsion and  ecological  systems  on  board. 

The  A2  contains  an  abortable  crew 
compartment,  cargo  compartment  and 
fuel  tanks.  Because  of  abort  jettisoning, 
the  crew  is  located  forward. 

The  cargo  compartment  located  im- 
mediately aft  of  the  crew  compartment 

has  a  volume  of  525  cu.  ft.  Although 
the  payload  is  rated  up  to  20,000  lbs., 
a  portion  of  the  cargo  probably  should 
be  assessed  to  orbital  fuel  required  for 
maneuverability  and  ejection  from  orbit. 
Since  the  compartment  size  is  fixed,  it 
may  be  necessary  to  carry  some  cargo 
piggyback  in  detachable  pods. 

Certain  payload,  such  as  passengers 
and  some  equipment,  will  be  contained 
in  a  pressurized  compartment.  Other 
payload  may  be  stored  in  non-pressur- ized areas. 

Since  one  of  the  missions  of  ASTRO 
is  servicing  manned  satellites,  mainte- 

nance personnel  will  be  located  in  the 
cargo  compartment.  The  crew  separa- 

tion, normally  forward  of  this  compart- 
ment, now  moves  aft  of  the  passenger 

compartment  so  that  the  crew,  as  well 
as  passengers,  are  provided  with  abort 
capabilities. Since  the  payload  weight  of  a  given 
vehicle  is  affected  by  the  launch  site  and 
azimuth,  an  optimum  launch  is  from  the 
equator  with  a  launch  azimuth  of  90° 
(due  east).  Any  displacement  from  these 
launch  conditions  will  result  in  a  pay- 
load  degradation. 

•  Development  program  —  A  sys- 
tematic checkout  of  vehicle  R&D  can 

be  accomplished  by  a  four-phase  plan, 
according  to  Douglas: 

In  Phase  I,  ASTRO  can  take  off 
either  horizontally  (using  a  powered 
sled)  or  vertically  (using  six  Zeus  sus- 
tainers).  Piloted  by  two  astronauts,  the 
thick  delta-winged  craft  is  propelled  by 
LOa/LH2  engines  on  non-orbital  trans- continental or  transoceanic  missions.  It 
is  used  to  test  the  system,  to  train  the 
pilots,  and  to  transport  up  to  5000  lbs. 
of  payload.  The  pilot  lands  the  ship  on 
its  skids  and  nose  gear.  Abort  capability 
is  provided. 

In  Phase  II,  ASTRO  takes  off  ver- 
tically in  a  two-stage  tandem  configura- 

tion, both  stages  being  essentially  the 

APOGEE— 290,000  FT 
RE-ENTRY. 

ANGLE-OFATTACK.  17=. MAXIMUM  q. 

RE-ENTRY  COMPLETE. 
FT  AT  MACH  2.S 

PULL-UP  AT  10= ANGLE-OFATTACK  TO 
50;  FLIGHT  PATH 

DOLLY  TAKEOFF 
BREAK  GROUND  AT  277  KNOTS. 

TAKEOFF  ROLL.  3000  FT 

TYPICAL  X-15  space-trainer  mission  with  dolly  take-off. 
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same  as  the  Phase  I  craft.  The  first 
stage,  however,  has  two  additional  J-2 
engines  and  an  abort  capsule  for  the 
pilot;  the  second  stage  carries  both  a 
pilot  and  co-pilot  and  is  equipped  with 
a  cargo/ passenger  compartment.  The 
second  stage  is  designed  to  orbit  at  300 
nautical  miles  with  a  useful  load  of 
2000  lbs.  (part  of  which  is  propellant 
for  rejection  from  orbit).  Both  stages 
are  landed  horizontally. 

In  Phase  III,  ASTRO  is  simply  a 
larger  version  of  the  Phase  II  craft.  The 
scaled-up  first-stage  booster  is  powered 

by  one  M-l  and  two  J-2  engines,  and 
the  second  stage  carries  a  20,000-lb. 
payload  to  an  orbit  of  300  nautical 
miles.  Ten  passengers  can  be  accom- 

modated. Pilots  bring  both  stages  back 
for  re-use.  Payload  includes  propellant 
for  rendezvous  and  ejection. 

•  Putting  USAF  in  space — Acqui- 
sition of  a  space  trainer  would  go  far 

toward  establishing  an  Air  Force  beach- 
head in  manned  space  flight.  Plans  for 

the  space  pilot's  school  are  calculated 
to  give  the  Air  Force  a  foot-in-the-door 
by  establishing  the  school  as  the  prime 

source  of  the  nation's  men  best  qualified to  become  NASA  astronauts. 
The  school  was  sorely  disappointed 

recently  when  it  could  not,  at  NASA's request,  provide  a  pilot  for  Gemini. 
"We  didn't  have  one,"  an  officer  said. 
"Our  guys  are  getting  too  old." Plans  call  for  compressing  the 
school's  present  16-month  course  into 
12  months,  perhaps  starting  next  Feb- 

ruary; accepting  applications  only  from 
Air  Force  personnel  (one  Navy  pilot  is 
in  the  current  class);  changing  school 
entrance  requirements  to  enable  recruit- 

ment of  younger  men;  increasing  the 
number  of  students  from  the  present  8 
to  64  by  January,  1964;  and  improving 
simulator  training,  both  ground  and  air- 
based,  to  cover  all  phases  of  space  flight, 
including  orbital  rendezvous,  re-entry, 
navigation  and  lunar  landing.  The  school 
expects  to  have  the  most  advanced  sim- 

ulator to  date  within  two  years.  It  will 
simulate  everything  but  lunar  landing. 

"We  want  to  train  men  who  can  be 
selected  for  NASA  programs,"  a  spokes- 

man said.  "If  we  had  started  this  earlier, 
we  could  have  had  men  picked  for 

Gemini." 

Hard  plans  call  for  combining  the 
school's  two  courses — experimental  test 
pilot  course  and  aerospace  course — 
into  one  package  July  1,  1963.  Since 
there  is  much  duplication  in  the  courses, 
the  combined  class  can  be  graduated 
in  one  year.  The  experimental  test  pilot 
course  started  Aug.  27  will  be  the  last 
one.  After  the  classes  are  combined, 
graduates  will  be  qualified  as  both  test 
pilots  and  aerospace  research  pilots. 

With  the  course  starting  Oct.  22,  the 
school  will  try  to  drop  student  age  level 
to  32-33  years.  A  present  block  to  ob- 

taining younger  students  is  the  1500 
hrs.  flying  time  required,  regardless  of 
aircraft  type  experience.  The  school  will 
seek  approval  to  drop  that  requirement 
so  it  can  select  men  with  800-1000  hrs. 
experience  in  high-performance  aircraft 
"instead  of  waiting  until  candidates 
build  up  1500  hrs.,  even  in  gooney 

birds,  to  qualify."  8 

DOD  May  Develop  Own  Weather  Satellite 

DEPARTMENT  OF  DEFENSE 
is  considering  development  of  its 
own  weather  satellite  system  follow- 

ing disclosure  that  NASA's  Nimbus is  a  year  or  more  behind  schedule. 
Air  Force  Lt.  Col.  Leslie  W. 

Cowan  told  the  House  Space  Com- 
mittee last  week  that  "military  op- erational use  of  Nimbus  will  now  be 

delayed  until  1965  or  later." Cowan  said  that  if  Nimbus  can 
not  fulfill  the  DOD  need  for  weather 
data,  consideration  should  be  given 
to  building  a  military  system. 

Meanwhile,  NASA  officials  re- 
vealed that  more  Tiros  satellites  than 

the  three  currently  planned  will  be 
developed  to  fill  the  gap  caused  by 
the  Nimbus  delay. 

A  space  agency  spokesman  ad- 
mitted that  the  first  launch  of  Nim- 

bus— now  slated  for  the  second  quar- 
ter of  1963 — has  slipped  one  year 

from  its  original  schedule. 
He  also  said  the  program  is  be- 
ing reviewed  in  NASA  and  further 

slippage  is  possible.  The  current  dif- 
ficulty stems  from  development 

problems  in  the  satellite's  cameras, 
and  its  control  and  power  systems. 

The  NASA  spokesman  pointed 
out  that  the  space  agency  earlier  told 
Congress  it  will  continue  to  launch 

first-generation  Tiros  satellites  until 
Nimbus  is  ready,  with  one  Tiros  al- 

ways in  orbit. 
Dr.  Fred  S.  Singer,  director  of 

the  Weather  Bureau's  National 
Weather  Satellite  Center,  however, 
wants  two  Tiros  satellites  kept  in 
orbit  at  all  times  until  Nimbus  is 
ready.  He  said  he  will  present  his 
proposal  to  an  interagency  user 
group  for  approval. 

Cowan  charged  that  a  key  ele- 
ment of  the  approved  Nimbus  de- 

velopment plan,  namely  a  European 
ground  station,  is  still  under  study. 
He  also  said  that  no  action  has  been 
taken  on  development  of  a  direct 
readout  system  which  is  urgently  re- 

quired by  the  military  users  of  the 

system. Nimbus  is  a  far  more  compli- 
cated satellite  than  the  current  Tiros, 

which  has  chalked  up  five  out  of  five 
successful  launches.  Nimbus  is 
scheduled  to  travel  in  a  polar  orbit 
which  will  permit  greater  coverage 
of  the  earth's  weather  and  it  is  being 
designed  so  that  its  instruments  and 
cameras  always  point  at  Earth. 

Tiros  is  limited  in  both  the 
amount  of  its  coverage  and  the 
period  of  time  its  cameras  are  earth- 
oriented. 
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U.  S.  'first'  in  balance  .  .  . 

Mariner  Success  Hinges  on  Maneuver 

Highly  successful  launch  followed  by  doubts  due  to  roll; 

precise  midcourse  motor  awaits  signals  from  three  stations 

THE  SUCCESS  of  Mariner  II's  180- 
million-mile  trip  to  Venus  hinges  on 
a  midcourse  guidance  correction  sched- 

uled for  early  this  week.  NASA  scien- 
tists last  week  tentatively  announced 

that  the  midcourse  maneuver  would  be 
attempted  on  Sept.  2  or  3. 

Mariner  II  was  launched  at  1:53 
a.m.  EST  on  Aug.  27.  If  it  is  successful, 
the  U.S.  will  have  taken  a  major  step 
in  its  program  of  future  manned  inter- 

planetary flight — and  perhaps  answered 
part  of  the  age-old  question  of  the  possi- 

bility of  life  on  distant  planets. 
It  will  also  mean  that  this  country 

has  chalked  up  a  major  victory  over 
Russia  in  the  space  race.  The  Soviet 
Union  in  1961  dispatched  a  spacecraft 
toward  Venus,  but  radio  contact  was 
lost  after  18  days.  The  first  U.S.  attempt. 
Mariner  I,  failed  on  July  22  when  an 
erroneous  guidance  signal  sent  its  Atlas 
D  launch  vehicle  off  course  (M/R.  July 
30,  p.  18). 

At  11:13  a.m.  EST  Aug.  29, 
Mariner  11  was  447,897  miles  from 
Earth,  traveling  at  a  speed  of  71 17  miles 
per  hour.  Data  were  already  being  re- 

ceived from  four  of  its  six  experiments, 
but  there  was  still  no  indication  as  to 

by  Hal  Taylor 

its  quality.  Two  other  experiments — to 
study  Venus's  temperature  and  atmos- 

phere— will  be  turned  on  when  the 
spacecraft  comes  within  10,000  miles  of 
the  planet. 

If  all  goes  well,  this  completion  of 
Mariner's  109-day,  180,200,000-mile 
trip  will  come  during  the  second  week 
of  December. 

The  447-lb.  spacecraft  measures  5  ft. 
in  diameter  and  is  9  ft.  11  inches  long. 
In  the  cruise  position,  with  its  solar 
panels  extended  it  is  11  ft.  11  inches 
high  with  a  span  of  16  ft.  6  inches. 

•  Spirits  rise — As  scientists  at  the 
Jet  Propulsion  Laboratory  prepared  the 
computations  for  the  midcourse  guid- 

ance maneuver,  they  declared  the  instru- 
ment-laden spacecraft  was  performing 

"remarkably  well."  They  said  that  they 
were  confident  it  would  fulfill  its  mis- 
sion. 

This  was  a  far  cry  from  the  pessi- 
mism prevalent  shortly  after  launch. 

Then,  scientists  announced  that 
heavy  rolling  of  the  launch  vehicle  had 
pushed  the  spacecraft  some  600,000 
miles  off  its  intersection  course  with 
Venus's  orbit. 

It  was  later  reported,  however,  that 

"normal  dispersion''  in  the  launch  ve- hicle had  pushed  the  spacecraft  only 
250,000  miles  off  course.  This,  the  scien- 

tists said,  could  be  corrected  by  the 
midcourse  maneuver. 

Correction  of  the  deviation,  they 
said,  could  be  effected  by  adding  only 

80  mph  to  Mariner's  velocity — well 
within  the  midcourse  motors'  120-mph acceleration  capability. 

•  Command  setup — Control  of  the 
midcourse  correction  will  be  handled  by 
the  Goldstone,  Calif.,  Deep  Space  In- 

strumentation Tracking  Station.  Gold- 
stone,  along  with  stations  in  Johannes- 

burg, South  Africa,  and  Woomera,  Aus- 
tralia, forms  a  three-station  network  for 

Mariner  and  other  interplanetary  pro- 

grams. 
The  liquid-monopropellant  mid- 

course  motor  weighs  37.3  lbs.  with  its 
hydrazine  fuel  and  the  nitrogen  pressure 

gas  systems. It  is  so  precise  that  it  can  burn  in 
bursts  of  as  little  as  seven-tenths  of  a 
foot  per  second  or  as  much  as  187  ft. 
per  sec.  It  has  a  thrust  of  50  lbs.  for 
a  maximum  of  57  seconds. 

The  first  command  from  Goldstone 
will  give  the  direction  and  amount  of 
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roll  required,  the  second  will  give  the 
direction  and  amount  of  pitch  needed, 
and  the  third  will  give  the  amount  of 
velocity  increment  needed.  These  data 
are  stored  in  the  command  system  until 
Goldstone  transmits  a  "go"  command. 

Commands  preprogramed  for  the 
midcourse  sequence  initiate  the  follow- 

ing: The  Earth  sensor,  mounted  on  the 
dish-shaped  antenna,  is  turned  off. 
The  hinge-mounted  directional  antenna 
itself  is  moved  out  of  the  path  of  the 
midcourse  motor's  exhaust.  During  the 
maneuver,  the  gyros  (turned  on  an  hour 
earlier  to  warm  up)  will  inform  the 
attitude  control  subsystem  of  the  rate 
of  pitch  and  roll  as  they  occur  for 
reference  against  the  orders  from  Earth. 
A  pulse-balanced  accelerometer  will  be 
turned  on  to  provide  acceleration  rates 
during  motor  burn.  Each  pulse  from  the 
accelerometer  represents  a  velocity  in- 

crement of  0.03  meters  per  second. 
The  roll  maneuver  requires  a  maxi- 

mum of  12  minutes  of  time,  including 
two  minutes  of  settling  time,  and  the 
pitch  maneuver  requires  a  maximum 
of  22  minutes.  When  these  are  com- 

pleted, the  midcourse  motor  is  turned 
on  and  burns  for  the  commanded  time. 
As  the  attitude-control  gas  jets  are  not 
powerful  enough  to  maintain  the  sta- 

bility of  the  spacecraft  during  the  pro- 
pulsion phase  of  the  midcourse  maneu- 

ver, movable  jet  vanes  extending  into 
the  exhaust  of  the  midcourse  motor  con- 

trol the  attitude  of  the  spacecraft  in 
this  period. 

The  jet  vanes  are  controlled  by  an 
autopilot  subsystem  in  the  attitude  con- 

trol system  that  functions  only  during 
the  midcourse  maneuver.  The  autopilot 
accepts  information  from  the  gyros  to 
direct  the  thrust  of  the  motor  through 
the  spacecraft's  center  of  gravity,  stabi- lizing the  craft. 

Once  the  guidance  correction  is  com- 
pleted, the  spacecraft  will  continue  its 

flight  until  planet  encounter.  Then,  the 
last  two  experiments  will  be  turned  on 
in  an  attempt  to  answer  questions  about 
Venus's  environment. 

•  Solving  mysteries  —  Although 
Venus  is  Earth's  closest  planetary  neigh- 

bor, there  are  many  things  about  it  that 
remain  a  mystery.  Spectrographs  obser- 

vations (identification  of  materials  ac- 
cording to  the  manner  in  which  they 

absorb  and  emit  light)  suggest  that  the 
atmosphere  of  Venus  contains  carbon 
dioxide,  but  has  probably  little  free  oxy- 

gen or  water  vapor. 
Earth-based  measurements  indicate 

temperatures  of  about  615°F  and  read- 
ings of  — 38°F  in  the  upper  atmosphere. Because  of  the  tremendous  distances 

over  which  these  measurements  were 
made,  scientists  cannot  be  sure  of  the 
exact  altitude  in  the  atmosphere  where 
these  temperature  readings  may  apply. 

(Continued  on  page  37) 

THIRTY-FOUR  subcontractors to  Cal  Tech's  Jet  Propulsion  Laboratory, 
manager  of  Project  Mariner,  provided  instruments  and  hardware  for  Mariners 
I  and  11.  These  contracts  totaled  $6 .5  million.  Subcontractors  were: 

Company 
Material 

Aeroflex  Corp. Jet  vane  actuators 
Long  Island  City,  N.Y. 

American  Electronics,  Inc. Transformer-rectifiers  for  flight 
Fullerton,  Calif. telecommunications 

Ampex  Corp. Tape  recorders  for  ground  telemetry 
Instrumentation  Div. and  data  handling  equipment 
Redwood  City,  Calif. 

Applied  Development  Corp. Decommutators  and  teletype  encoders 
Monterey  Park,  Calif. for  ground  telemetry  equipment Astrodata,  Inc. Time  code  translators,  time  code  generators. 
Anaheim,  Calif. and  spacecraft  signal  simulators  for 

ground  telemetry  equipment 
Barnes  Engineering  Co. Infrared  radiometers 

Stamford,  Conn. planet  simulator Bell  Aerospace  Corp. Accelerometers  and  associated 
Bell  Aerosystems  Div. electronic  modules 
Cleveland,  Ohio 

Computer  Control  Co.,  Inc. Data  conditioning  systems 
Framingham,  Mass. Conax  Corp. Midcourse  propulsion  explosive  valves 
Buffalo,  N.Y. 

squibs Consolidated  Electrodynamics  Corp. Oscillographs  for  data  reduction 
Pasadena,  Calif. 

Consolidated  Systems  Corp. Scientific  instruments 
Monrovia,  Calif. operational  support  equipment 

Dynamics  instrumentation  Co. Isolation  amplifiers  for  telemetry 
Monterey  Park,  Calif. operational  support  equipment 

Electric  Storage  Battery  Co. Spacecraft  batteries Missile  Battery  Div. 
Raleigh,  N.C. 

Electro-Optical  Systems,  Inc. Spacecraft  power  conversion  equipment 
Pasadena,  Calif. 

Fargo  Rubber  Corp. Midcourse  propulsion  fuel  tank  bladders 
Los  Angeles,  Calif. 

Glentronics,  Inc. Power  supplies  for  data  conditioning  system 
Glendora,  Calif. 

Groen  Associates Actuators  for  solar  panels 
Sun  Valley,  Calif. 

Houston  Fearless  Corp. Pin  pullers Torrance,  Calif. 
Kearfott  Div. Gyroscopes 

General  Precision,  Inc. 
Los  Angeles,  Calif. 

Marshall  Laboratories Magnetometers  and  associated  operational 
Torrance,  Calif. support  equipment Matrix  Research  and  Development  Corp. Power  supplies  for  particle  flux  detectors Nashua,  N.H. 

Menasco  Mfg.  Co. Midcourse  propulsion  fuel  tanks  and 
Burbank,  Calif. nitrogen  tanks Midwestern  Instruments Oscillographs  for  data  reduction 
Tulsa,  Okla. 

Mincom  Div. Tape  recorders  for  ground  telemetry  and 
Minnesota  Mining  &  Mfg.  Co. data  handling  equipment 
Los  Angeles,  Calif. 

Motorola,  Inc. Spacecraft  command  subsystems. 
Military  Electronics  Div. transponders,  and  associated 
Scottsdale,  Ariz. operational  support  equipment 

Nortronics Attitude  control   gyro   electronic,  autopilot 
A  Division  of  Northrop  Corp. electronic,  and  antenna  servo  electronic 
Palos  Verdes  Estates,  Calif. modules,  long  range  Earth  sensors 

and  Sun  sensors 
Ransom  Research Verification  and  ground  command 

Division  of  Wyle  Laboratories modulation  equipment 
San  Pedro,  Cailf. 

Rantec  Corp. Transponder  circulators  and  monitors Calabasas,  Calif. 
Ryan  Aeronautical  Co. Solar  panel  structures Aerospace  Div. 

San  Diego,  Calif. 
Specfrolab Solar  cells  and  their  installation  and 

A  Division  of  Textron  Electronics,  Inc. electrical  connection  on  solar  panels 
North  Hollywood,  Calif. 

State  University  of  Iowa Calibrated  Geiger  counters 
Iowa  City,  Iowa 

Sterer  Engineering  &  Mfg.  Co. Valves  and  regulators  for  midcourse 
North  Hollywood,  Calif. propulsion  and  attitude  control  systems Texas  Instruments  Inc. Spacecraft  data  encoders  and  associated 
Apparatus  Div. operational  support  equipment, 
Dallas,  Tex. ground  telemetry  demodulators Trans-Sonics,  Inc. Transducers 
Burlington,  Mass. 
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Congress  Approves . 

ComSat  Operation  May  Be  Year  Away 

Publication  of  list  of  incorporators,  stock  sale,  naming 
of  board  and  personnel  still  to  come;  a  look  at  the  regulations 

A  PRIVATELY  -  OWNED  Com- 
mercial Communication  Satellite  Cor- 
poration is  at  least  six  months  to  a  year 

away  despite  final  congressional  ap- 
proval of  its  enabling  legislation. 

Dr.  Edward  C.  Welsh,  executive 
secretary  of  the  National  Space  Council, 
said  last  week  that  although  a  list  of 
"incorporators"  is  being  prepared  for 
White  House  approval,  it  might  be  a 
year  before  the  corporation  is  ready  to 
begin  operation. 

He  said  the  list  of  incorporators 
would  be  made  public  in  the  near 
future.  Once  this  is  done,  a  stock  pro- 

spectus must  be  prepared  for  submission 
to  the  Securities  Exchange  Commission. 
Once  the  stock  sale  is  completed,  a 
board  of  directors  will  have  to  be  se- 

lected and  personnel  hired. 
Other  government  officials  pointed 

out  that  while  there  will  be  some  delay 
before  the  corporation  is  able  to  carry 
on  "day-to-day"  operations,  technology 
needed  by  the  system  continues  to  move 
ahead.  They  pointed  out  that  American 
Telephone  &  Telegraph  Co.  is  slated 
to  launch  the  second  Telstar  communi- 

cations satellite  in  October  and  that 
NASA  is  preparing  for  the  first  launch 
of  its  Relay  low-altitude  satellite  later 
this  year. 

The  Communications  Satellite  Act 
was  passed  by  the  Senate  on  Aug.  17  by 
a  vote  of  66-1 1 .  The  House  approved 
the  Senate  bill  and  sent  it  to  the  White 
House  by  a  vote  of  365-10  on  Aug.  27. 

Final  congressional  action  followed 
a  weeks-long  filibuster  by  Senate  liberals 
against  what  they  alleged  was  the  bill's giveaway  to  AT&T. 

•  Regulations — As  approved,  the 
bill  provides  for  establishment  of  a 
private  corporation  to  set  up  a  com- 

mercial communications  satellite  system. 
It  would  be  regulated  by  the  Federal 
Communications  Commission. 

The  corporation  will  have  a  15-man 
board  of  directors.  The  President  is 
authorized  to  appoint  three  members, 
communications  carriers  owning  stock 
in  the  corporation  can  elect  six  mem- 

bers, and  private  stockholders  will  elect 
six. 

Up  to  50%  of  the  stock,  selling  at 
about  $100  a  share,  could  be  owned  by 
communication  carriers.  The  remainder 
would  be  allotted  to  private  investors. 

The  corporation  will  own  the  satel- 
lites and  will  lease  the  system's  facilities 

to  U.S.  and  foreign  communication  car- 
riers. The  ground  stations  may  be  built 

and  owned  by  either  the  corporation  or 
communication  carriers.  There  is  no 
provision  to  permit  foreign  communi- 

cation carriers  to  own  stock  in  the 
corporation  or  ground  stations.  The 
FCC  was  ordered,  however,  to  oversee 
the  establishment  of  communications  by 
the  corporation  to  any  foreign  point  the 
U.S.  State  Department  feels  is  desirable. 

The  two  federal  agencies  playing  the 

greatest  role  in  the  corporation's  estab- lishment and  operation  are  NASA  and 
FCC — with  the  latter  having  the  far 
greater  responsibility.  Ironically,  the 
space  agency  with  its  vast  scientific  staff 
can  only  advise  the  corporation  on  satel- 

lite technology.  The  final  decision  will 
be  made  by  the  FCC. 

New  Procurement 

Bill  Passes 

Congressional  bill  HR  5532  tight- 
ening Pentagon  procurement  rules 

has  been  forwarded  to  the  White 
House  following  House  acceptance 
of  Senate  amendments.  The  bill's 
original  provisions,  limited  by  the 
House  to  incentive-type  contracts, 
were  later  expanded  by  the  Senate 
Armed  Services  Committee  to  cover 
the  entire  field  of  negotiated  con- tracts. 

Major  purpose  of  the  legislation 
is  to  assure  that  target  cost  informa- 

tion is  current,  complete  and  accu- 
rate. Contractors  are  required  under 

the  bill  to  certify  this  during  negoti- 
ations. The  legislation  also  carries  a 

congressional  policy  statement  that 
competition  in  defense  contracting 
through  formal  advertising  proce- 

dures should  be  encouraged  wherever 

possible. 

NASA  will: 
•  Furnish  to  the  corporation,  on 

request  and  on  a  reimbursable  basis, 
satellite  launching  and  associated  serv- 

ices required  for  the  establishment,  oper- 
ation, and  maintenance  of  the  system. 

•  To  the  extent  feasible,  furnish 
other  services  on  a  reimbursable  basis, 
to  the  corporation  in  connection  with 
establishment  and  operation. 

FCC  is  authorized  to: 

•  Ensure  effective  competition,  in- 
cluding the  use  of  competitive  bidding 

where  appropriate,  in  the  procurement 
by  the  corporation  and  communications 
common  carriers  of  apparatus,  equip- 

ment and  services  required  for  estab- 
lishment and  operation  of  the  satellite 

system  and  terminal  stations. 
•  Ensure  that  all  present  and  future 

authorized  carriers  shall  have  non-dis- 
criminatory use  of,  and  equitable  access 

to,  the  communications  satellite  system 
and  satellite  terminal  stations  under  just 
and  reasonable  charges. 

•  In  any  case  where  the  Secretary 
of  State,  after  obtaining  the  advice  of 
NASA  as  to  technical  feasibility,  has 
advised  that  commercial  communication 
to  a  particular  foreign  point  by  means 
of  the  communications  satellite  system 
and  satellite  terminal  stations  should  be 
established  in  the  national  interest,  insti- 

tute proceedings  to  require  the  establish- 
ment of  such  communication  by  the 

corporation  and  the  appropriate  com- mon carrier  or  carriers. 
•  Ensure  that  facilities  of  the  com- 

munications satellite  system  and  satellite 
terminal  stations  are  technically  com- 

patible and  interconnected  operationally 
with  each  other  and  with  existing  com- 

munications facilities. 

•  Approve  technical  characteristics 
of  the  operational  system  to  be  em- 

ployed by  the  corporation  and  of  the satellite  terminal  stations. 

•  Grant  appropriate  authorizations 
for  the  construction  and  operation  of 
each  satellite  terminal  station,  either  to 
the  corporation  or  to  one  or  more 
authorized  carriers  or  to  the  corporation 
and  one  or  more  carriers  jointly. 
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Progress  in  Nuclear  Space  Power 

Development  of  nuclear  space  power  systems  with  a  high 
power-to-weight  ratio  (in  the  range  of  10  Ib/kw)  is  predicated 
on  the  use  of  alkali  metals  as  reactor  heat  transfer  and  tur- 

bine working  fluids.  Are  the  corrosion  properties  of  these 
metals  compatible  with  present  design  concepts  of  space 
power  systems  ? 

Work  on  the  cesium-columbium  system,  under  AEC  sponsor- 
ship, began  at  Aerojet-General®  Nucleonics  on  September  15, 

1961,  with  operation  of  the  first  refractory  metal  loop  specifi- 
cally designed  for  forced-convection  corrosion  tests  with  boil- 

ing cesium.  Specific-heat  data  were  obtained,  and  on  Octo- 
ber 4  the  loop  was  put  on  a  continuous,  long-term  corrosion 

test,  unattended,  until  December  27,  1961,  when  it  was  shut 

down  for  metallurgical  analysis.  A  similar  loop  was  tested  suc- 
cessfully for  the  AEC  in  April  1961  with  rubidium  at  1850°F. 

Besides  demonstrating  the  feasibility  of  using  columbium 
alloys  to  contain  boiling  cesium  for  extended  periods  at  tur- 

bine inlet  temperatures  of  1850°F,  the  experimental  work  has 
yielded  valuable  information  on  the  instrumentation  and 
control  of  boiling  loop  systems. 

AGN  metallurgists  have  also  developed  new  liquid  metal  han- 
dling and  analytical  techniques,  and  have  constructed  and 

operated  apparatus  for  determining  the  density  and  vapor 
pressure  of  rubidium  and  cesium.  Work  is  continuing  on  the 
heat  transfer,  corrosion,  and  thermophysical  properties  of 
cesium  and  other  liquid  metals  to  assure  the  long-term  reli- 

ability of  space  power  systems. 

AGN's  Metallurgy  Department  contributes  to  materials  technology  in  compact  power  reactors,  space  power  systems,  nuclear 
fuels,  fissio-chemistry,  and  plasma  physics. 

AEROJET-GENERAL  NUCLEONICS,  San  Ramon,  California  M  AEROJET 

GENERAL 

Engineers,  Scientists:  investigate  outstanding  opportunities  at  Aerojet-General. 
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Current  status  of  U.  S.  missile  and  space  prog  rams  plus  all  orbiting  satellites 

Missiles 

PROJECT 

★ALFA  (Navy) 

ASROC  (Navy) 

ASTOR  (Navy) 

★ATLAS  (Air 
Force) 

BOMARC  IM- 
99A  (Air  Force) 

★  BOMARC  IM- 
99B  (Air  Force) 

BULLPUP  GAM- 
83A,  ASM-N-7A 
(Navy-Air  Force) 

CORPORAL 
(Army) 

DAVY  CROCK- 
ETT M-388 

(Army) 

ENTAC  (Army) 

FABMDS  (Army) 

★falcon  gar- 
1,  ID,  2,  2A, 
3A,  4A,  9,  1 1 
(Air  Force) 

★genie  MB-1 
(Air  Force) 

HAAW  (Army) 
HAWK  (Army) 

CONTRACTORS 

Navy,  prime;  Avco,  air  frame 

Minneapolis-Honeywell,  prime;  Sangamo 
Electric,  sonar;  torpedo,  GE;  Librascope- 
General  Precision,  fire  control 

Westinghouse,  prime 

STL,  systems  engineering  &  technical 
direction;  GD/Astronautics,  frame;  GE/ 
Burroughs,  Arma,  guidance;  Rocketdyne, 
propulsion;  GE/Avco,  re-entry  vehicle; 
Acoustica,  propellant  utilization,  propeliant 
loading,  A.  D.  Little  Co. 

Boeing,  prime;  IBM/Westinghouse,  guid- 
ance; Aerojet/Marquardt,  propulsion 

Boeing,  prime;  Kearfott/Westinghouse,  IBM 
guidance;  Thiokol/Marquardt,  propulsion 

Martin,  prime;  Martin,  guidance;  Thiokol, 
Naval  Propellant  Plant,  propulsion;  Maxson, 
second-source  prime 

Firestone,  prime;  Gilfillan  Bros.,  Inc.,  guid- 
ance; Ryan,  propulsion 

In-house  project  directed  by  Army  Weap- 
ons Command  at  Rock  Island,  III. 

Nord  Aviation,  prime 

GD/Astronautics,  Hughes,  Martin,  GE,  Ray- 
theon, Sylvania — feasibility  studies 

Hughes,  prime;  Hughes,  guidance;  Thiokol, 
propulsion 

Douglas,   prime;  Aerojet-General,  propul- 

AOMC,  prime 

Raytheon,  prime;  Raytheon,  guidance; 
Aerojet-General,  propulsion 

DESCRIPTION 

ASW  surface-to-underwater;  weight — 500 
lbs.;  solid  motor;  conventional  HE  depth 
charge;  free-flight  rocket;  variable  range 
(max.  about  900  yds.) 
ASW  surface-to-underwater;  solid  motor; 
nuclear  or  conventional  warhead,  range 
about  8  miles;  launch  weight:  1000  lbs.,- 
unguided 
Mark  45  ASW  underwater  to  underwater 
wire-guided  torpedo;  nuclear  or  conven- 

tional warhead;  range,  about  11  n.  m.; solid  motor 

ICBM;  5500-to-9000  mile  range;  liquid; 
nuclear;  ATLAS  "E"  and  "F"  series  have 
inertial  guidance;  earlier  ATLAS  "D"  has 
radio  inertial;  proposed  ATLAS  "G" would  have  900,000-lb.  thrust  and  4000-lb. 
payload  capability 
Ramjet  surface-to-air  interceptor;  liquid 
booster;  200  n.  m.  range;  Mach  2.5;  nu- 

clear; ceiling,  over  68,000 

Ramjet,  surface-to-air;  solid  booster;  Mach 
2.7;  more  than  400  m.  range;  nuclear;  pro- 

duction completed 

Air-to-surface;  3-6  mile  range;  radio-link 
command  guidance  (visual  reference);  con- 

ventional 250-1 000-lb.  bomb;  BULLPUP  B: 
nuclear  warhead  and  I  pre-packaged  liquid 
motor;  nuclear-tipped  model  nearly  opera- 
tional 

Surface-to-surface;  75  n.  mi.  range;  liquid; 
nuclear;  command  guidance 

Surface  to  surface,-  solid;  bazooka 
launched;  sub-kiloton  nuclear  warhead;  two 
launchers:  vehicle  mounted  or  carried  by two  men 

Antitank;  6600-ft.  range;  37  lbs.;  HE  war- 
head; wire-guided;  man-portable 

Mobile  antimissile  defense  system  to  pro- 
vide an  effective  defense  of  the  field  army 

against  enemy  ballistic  missiles 

Air-to-air;  5  n.  mi.  range;  supersonic; 
solid;  conventional;  1,  ID  and  3A,  active 
radar  homing  guidance;  2,  2A  and  4A,  IR 
homing;  GAR-1 1  model  has  nuclear  war- 

head and  hybrid  IR  radar  homing 

Air-to-air;  unguided;  6-mile  range;  nuclear 
solid  rocket;  supersonic;  proximity  fuzing 

No  details;  Heavy  antitank /assault  weapon 
Surface-to-air;  22-mile  range;  solid;  con- 

ventional; provides  defense  against  medium 
and  low-flying  aircraft  and  cruise-type 
missiles;  improvements  in  system  to  be 
phased  into  production  and  furnished  as 
modification  kits  to  existing  equipment 

STATUS 

Operational;  deployed  on  destroyers  and cruisers 

Operational  on  destroyers,  destroyer  es- 
corts, heavy  cruisers  and  guided  missile 

frigates.  Advanced  ASROC  (improved  Mark 
44  torpedo)  under  development 
Development;  to  be  deployed  on  hunter- killer  submarines 

Operational;  13  squadrons  planned  at  11 
bases;  already  emplaced  at  Vandenberg, 
Warren,  Offutf,  Fairchild  and  Forbes;  total 
of  54  launchers  operational,  ATLAS  F  being tested 

Five  bases  operational  in  Northeastern  U.S. 
from  Virginia  to  Maine,  production  com- 

pleted First  base  operational  May,  1961  two  more 
planned;  A-squadrons  will  be  strengthened 
with  advanced  B  model;  production  com- 

pleted Deployed  with  Atlantic  and  Pacific  Fleets; 
operational  with  Air  Force  units.  Marines 
tested  launching  BULLPUP  from  helicopters 

Deployed  with  U.S.  &  NATO  troops  in 
Europe.  SERGEANT  to  replace  CORPORAL 

beginning  in  FY  '63 
Operational  in  Europe;  FY  '63  budget  funds provide  for  procurement  of  majority  of 
inventory  objective 

Operational;  Army  buying  from  French  in 
quantity  to  replace  SS-10 
Feasibility  studies  submitted  to  ARGMA 
last  year;  evaluated  by  experts;  future  in 
doubt  due  to  DOD  doubts  of  its  cost/ 
effectiveness 

Operational;  buy-out  of  GAR  3A,  4A  and 
11  in  FY  '62;  GAR  9  under  minimum  effort 
development 

Operational  on  F-101 B  &  F-l 06  fighter- 
interceptors;  improved  version  under  de- 
velopment 

Development;  funds  in  FY  '63  budget 
Operational;  deployed  in  Europe,  Panama, 
Okinawa,  U.S.  (13  battalions);  '63  pro- curement will  essentially  complete  deploy- 

ment objective;  Marines  also  procuring 

system 
*k  Indicates  changes  since  July/  1962/  Astrolog 



PROJECT        1  CONTRACTORS 
HONEST  JOHN 
M-50  (Army) 

★  HOUND  DOG 
GAM-77  {Air Force) 

Douglas/Emerson  Electric,  prime;  Hercules, 
propulsion 

North  American,  prime;  Autonetics,  guid- 
ance;  Pratt   and    Whitney,  propulsion 

JUPITER  SM  78 
(Air  Force) 

Chrysler,  prime;  Sperry  Farragut,  guidance; 
Rocketdyne,  propulsion;  Goodyear/CTL,  re- 

entry vehicle 

★  LACROSSE 
(Army) 

Martin,  prime;  Martin  /  Federal  Div.  ITT, 
guidance;  Thiokol,  propulsion 

LITTLE  JOHN 
(Army) 

Emerson  Electric,  prime;  Hercules  Powder, 
propulsion 

M72  (Army) Hesse-Eastern  Div.,  Flightex  Fabrics,  prime 

MACE  TM-76 
A&B  (Air  Force) 

Martin,  prime;  Goodyear/AC  Spark  Plug, 
guidance;  Thiokoi/Allison,  propulsion 

★  matador  TM- 
61C  (Air  Force) 

Martin,  prime;  Air  Force,  guidance;  Thio- 
kol, Allison,  propulsion 

★  MAULER  (Army) GD/Pomona,  prime;  Hughes,  guidance; 
Lockheed,  propulsion;  DeHaviland,  1R  ac- 
quisition 

★  MOBILE  ME- 
DIUM-RANGE 
BALLISTIC 
MISSILE  (Air 
Force) 

Program  Definition  Phase:  Hughes  &  North- 
rop, integration,  assembly  and  checkout; 

Ford  Aeronutronic/Fairchild  Stratos,  Sperry 
Rand  and  Avco,  re-entry  system;  Rocket- 
dyne  and  Thiokol,  propulsion;  American 
Machine  &  Foundry  and  Goodyear  Aircraft, 
transporter-launcher-erector;  Hughes  and 
Martin  in  association  with  Sylvan ia  Elec- 

tronic Products,  command  and  control;  Gen- 
eral Precision,  guidance 

★  minuteman 
SM-80  (Air Force) 

STL,  systems  engineering  and  technical  di- 
rection; Boeing,  major  contractor;  Auto- 

netics, guidance;  Thiokol,  propulsion  first 
stage;  Aerojet,  propulsion  second  stage; 
Hercules,  third  stage;  Avco,  re-entry  vehicle 

M-55  (Army) Norris  Thermador,  prime 

★  MISSILE  b 
(Army) 

60  day  Program  Definition  Contracts: 
Chrysler  and  Chance  Vought  Div.,  Ling- 
Temco-Vought 

NIKE-AJAX 
(Army) 

Western  Electric,  prime;  Western  Electric, 
guidance;  Thiokol,  propulsion;  Douglas, airframe 

NIKE-HER- 
CULES (Army) 

Western  Electric,  prime;  Western  Electric, 
guidance;  Hercules  and  Thiokol,  propulsion; 
Douglas,  airframe 

★-NIKE-ZEUS (Army) 
Western  Electric,  prime;  Bell  Telephone, 
guidance;  Thiokol/Lockheed,  propulsion; 
Douglas,  airframe 

★"PERSHING 
(Army) 

Martin,  prime;  Bendix,  guidance;  Thiokol, 
propulsion 

DESCRIPTION 

Surface-to-surface;  unguided;  12-mile 
range;  nuclear;  5800  lbs.;  ADVANCED 
HONEST  JOHN  has  increased  performance, 
lighter  and  smaller;  also  developed  a 
lighter- weight  mobile  launcher  and  on 
air-transportable  launcher 

Air  breathing  air-to-surface  standoff  mis- 
site;  about  600  n.-mi.  range;  Mach  1.7; 
turbojet  nuclear  B  version  in  production, 
ceiling  in  excess  of  50,000  ft. 

IRBM;  liquid;  nuclear  range:  over  1500  mis- 
guidance: all  medial 

Surface-to-surface  mobile;  20- mile  range; 
solid;  nuclear 
Surface-to-surface  unguided;  10-mile  range; 
solid;  nuclear;  supplements  medium  and 
heavy  artillery  in  airborne  divisions  and 
air-transportable  commands 
Light  antitank  rocket;  carrier  tube  launcher; 
4.5  lbs.;  25  in.  long/3  in.  diameter;  range 
500  yd.;  replaces  3.5  in.  rocket  launcher 
and  rifle  grenade;  before  type  classification 
system  known  as  LAW 
Air-breathing  surface-to-surface;  more  than 
650-mile  range;  turbojet  and  solid-nuclear; 
B  model  has  more  than  1200  mile  range; 
inertial  guidance  in  MACE  B 

Air-breathing  surface-to-surface;  500  mile 
range;  speed,  about  650  mph;  ceiling 
above  35,000  ft. 

Surface-to-air;  radar  guidance;  highly 
mobile  antiaircraft  and  antimissile  missile 
for  field  use;  tracked  vehicle;  12  per launcher 

Two-stage,  solid  propellant,  stellar-inertial 
guidance;  entire  system  contained  in  one 
mobile  vehicle;  range:  300-1500  miles 

2nd  generation  ICBM;  solid;  deployed  in 
hardened  and  dispersed  silos;  nuclear; 
3  stages;  range:  over  5000  miles;  guidance: 
all-inertial;  new,  improved  re-entry  vehicle 
under  development 

Four-inch  diameter,  small,  short-range 
rockets;  for  delivery  of  chemical  agents;  to 
be  fired  from  45-tube  launchers 

A  highly-mobile  general-purpose  missile; 
range  3-30  miles;  Automet  guidance;  one 
missile  per  launcher;  nuclear  or  conven- 

tional warhead;  storable  propellants 

Surface-to-air;  25-mile  range;  Mach  2.5; 
solid  and  liquid;  conventional 

Surface-to-air;  75-mile  range;  Mach  3-f-; 
nuclear;  antiaircraft,  tactical  missiles;  mo- 

bile or  fixed 

Anti-missile;  3-stage;  200-mile  range;  solid; 
nuclear 

Surface-to-surface;  two-stage  solid;  ap- 
prox.  400-mile  range;  nuclear;  transported 
on  FMC  XM474  tracked  vehicle;  proposed 
PERSHING  II  would  have  1000-mile  range 

STATUS 

Operational;  deployed  in  Europe;  to  be 
replaced  by  MISSILE  B 

Operational;  to  be  launched  from  B-52G intercontinental  bombers;  stockpile  expected 
to  exceed  400;  after  SKYBOLT  is  opera- 

tional, no.  of  missiles  on  a  single  B  52 
will  be  increased  from  two  to  four 

Operational  in  Italy;  2  squadrons  (30 
launchers)  with  Italian  AF;  one  squadron 
also  deployed  in  Turkey 
Operational;  three  units  in  Europe;  eight 
activated;   to   be   replaced   by  MISSILE  B 

Two  battalions  activated  in  '61 ;  each 
equipped  with  four  launchers;  air  and  heli- 

copter transportable 

Operational 

Two  MACE- A  and  one  MACE-B  squadron 
deployed  with  U.S.  troops  in  West  Ger- 

many; hardened  facilities  under  construc- tion in  Germany;  to  be  in  Okinawa,  Korea; 
replaced  MATADOR  in  U.S.  arsenal 
Being  turned  over  to  West  Germans;  also 
deployed  in  Korea  and  on  Taiwan 

R&D;  NATO  may  buy;  program  to  be 
accelerated  in  FY  '63;  Navy  planning  SEA MAULER  for  landing  craft 

State-of-art  missile  to  be  developed  in 
shortest  possible  time;  to  be  deployed  in 
Europe  and  Far  East.  Complex  political 
questions  of  control  and  development  fund- ing within  NATO  delaying  program 

Development;  initial  procurement  late  this 
year;  scheduled  to  be  operational  mid-1962 
at  Malmstrom  AFB;  3  squadrons  at  Malm- 
trom,  Mont.;  Ellsworth,  S.  D.;  Whiteman 
Mo.;  Minot,  N.  D.;  16  squadrons  through 
FY  '63,  more  in  later  years;  mobile  version killed 

Operational  both  in  U.S.  and  overseas 

Funds  available  in  FY  '63  budget  for  initial 
development;  eventually  will  replace  HON- EST JOHN  and  LACROSSE;  division  support 
weapon.  Contract  for  development  prob- 

ably will  be  awarded  in  October,  depend- 
ing on  results  of  program  definition  con- tracts 

Deployed  in  U.S.,  Europe  and  Far  East; 
19  battalions  still  operated  by  National 
Guard  are  gradually  being  phased  out 

Rapidly  replacing  NIKE-AJAX;  well  over  80 
batteries  deployed  in  U.S.;  increasing  num- 

ber to  be  manned  by  Army  National  Guard 
units;  more  than  10  N-H  batteries  were 
deployed  overseas  in  1961;  N-H  on  Taiwan 
R&D  test  launchings  at  White  Sands  and 
Pt.  Mugu;  complete  system  tests  at  Kwa- 
jalein  against  ATLAS  target  vehicles  have 
begun;  one  successful  intercept  announced 
July  19;  earlier  try  "not  completely 

successful" 
Flight  test  program  nearing  completion; 
to  replace  REDSTONE.  Procurement  to 
begin  this  year;  W.  Germany  buying;  first battalion  activated  in  June 



PROJECT  CONTRACTORS DESCRIPTION STATUS 

★  POLARIS 
(Navy) 

Lockheed,  prime;  GE/MIT,  guidance  and 
fire  control;  Aerojet-General,  propulsion; 
Lockheed,  re-entry  vehicle 

Underwater  and  surface-to-surface;  solid; 
1200-n.-mi.  range;  A-l  installed  aboard 
first  six  submarines;  nuclear;  A-2  (1500  n.- 
mi.)  aboard  submarines  7-19;  A-3  (2500 
n.-mi.)  aboard  20th  and  all  subsequent 
subs;  possible  A-4  4000-5000  mile  range 
missile  under  study.  Total  POLARIS  sub- 

marine program:  41  with  six  being  added 
durinq  FY  '63  and  final  six  durinq  FY  '64  9  9  

Five  subs  each  with  16  missiles  operational. 
A-2  scheduled  to  be  operational  in  1962; 
A-3  in  1964;  SSBN  Hamilton — first  FBM 
sub  equipped  to  use  TRANSIT  navigational 
satellite — launched  in  August 

QUAIL  GAM- 
72  {Air  Force) 

McDonnell,  prime;  Guidance  Technology, 
Inc.,  guidance;  GE,  propulsion;  Ramo-Wool- 
dridge,  ECM  equipment 

ECM-carrying  decoy;  about  2C0  m.  range; 
turbojet  powered  advanced  version  with 
400  mile  range  has  been  flight  tested 

Deployed  at  SAC  bases;  carried  by  B-52; 
procurement  completed  FY  '61 

REDEYE  (Army) GD/Pomona,  prime;  Philco/ General  Dy- 
namics/Electronics, guidance;  Atlantic  Re- 

search, propulsion 

Surface-to-air;  4-foot,  20-lb.  bazooka-type; 
IR  guidance;  solid;  conventional;  container- 
launcher  disposable,-  for  use  against  low 
flying  aircraft 

Development;  plans  for  full  production 
modified  because  of  unsatisfactory  tests; 
limited  numbers  will  be  procured  in  both 
FY    63  and  '63;  Mo rines  also  buying 

REDSTONE 
(Army) 

Chrysler,  prime;  Sperry  Farragut,  guidance; 
Rockefdyne,  propulsion 

Surface-to-surface;  liquid;  200-mile  range; 
nuclear 

Deployed  with  U.S.  troops  in  Europe;  to  be 
replaced  by  PERSHING 

★  REGULUS  1 
S5M-N-8 
(Navy) 

Ling-Temco-Vought,  prime;  Sperry,  guid- 
ance; Aerojet-General,  propulsion 

Surface-to-surface;  turbojet  and  solid;  500- 
n.-mi.  range;  speed,  about  600  mph;  ceil- 

ing, approx.  40,000  ft.;  nuclear 

Deployed  aboard  5  U.S.  submarines  and  2 
cruisers;  KDU-1 :  drone  version;  modern- 

ization program  initiated  during  FY  '61 to  retrofit  missiles  with  airborne  guidance; 
retrofit  to  be  completed  by  end  of  FY  '62 

SERGEANT 
(Army) Sperry  Utah,  prime;  Sperry,  guidance;  Thio- 

kol,  propulsion 
Surface-to-surface;  solid;  more  than  75-mile 
range;  nuclear;  inertia  I  guidance  employs 
drag  brakes  in  terminal  phase  of  flight 

In  production;  procurement,  except  for 
training  missiles,  to  be  completed  during 
FY  '63;  will  replace  CORPORAL;  deploy- ment in  Europe  in  1 963 

★SHILLELAGH 
(Army) 

Ford  Aeronutronic,  prime;  Picatinny  Arse- 
nal/Amoco Chemicals  Corp.,  propulsion; 

Aeronutronic,  guidance 

Surface-to-surface;  lightweight;  vehicle- 
mounted  for  use  against  field  fortifications, 
armor  and  close-in  support  of  troops 

Development;  technical  difficulties  may 
force  radical  changes  in  system 

SHRIKE 
(Navy) 

NOTS-China  Lake,  prime;  Texas  Instru- 
ments, guidance 

Air-to-surface;  anti-radar;  guidance,  passive 
radar  homing;  solid  motor;  formerly  called 
ARM 

Development;  first  production  buy  in  FY  '63 budget 

SIDEWINDER 
(GAR-8) 
(Navy- Air  Force) 

GE-Phi!co,  prime;  Philco/GE,  guidance; 
Naval  PrapeMant  Plant,  propulsion 

Air-to-air;  IR  guidance;  more  than  2  m. 
range;  conventional;  new  1-C  models  to 
have  switchable  IR  and  radar-guided  war- 

heads and  a  new  and  improved  rocket 
motor 

Deployed  with  Navy  and  Air  Force;  all- weather  type  under  development;  delivery 
of  1-C  version  to  start  early  in  this  calendar 

year 

★  SKYBOLT 
GAM-87 
(Air  Force) 

Douglas,  prime;  Nortronics,  guidance;  Aero- 
jet, propulsion;  GE,   re-entry  vehicle 

ALBM;  more  than  1000-mile  range;  solid; 
nuclear;  to  be  launched  from  B-52  G  and 
H  and  British  Vulcan  bombers 

R&D;  to  be  purchased  by  British;  opera- 
tional 1964;  air  drops  from  B-52  and 

Vulcan  bombers  successful;  first  R&D  flight 
in  April  partially  successful;  second  and third  failures 

SLAM  (Air 
Force) Ling-Temco-Vought,  vehicles;  Atomics  Inter- 

national Div.,  NAA/Lawrence  Radiation 
Labs,  reactor;  Marquardt,  propulsion 

Surface-to-surface;  low-altitude;  supersonic; 
nuclear  ramjet;  designed  to  conduct  long 
aerial  patrols  at  speeds  up  to  2000  mph 

Propulsion  system  being  developed  under 
project  PLUTO;  feasibility  proven  by  highly 
successful  TORY  reactor  tests;  may  be 
answer  to  DOD  requirement  for  low- 
altitude  missile  to  get  under  enemy  radar 
defenses 

★  SPARROW  III 
AAM-N-6A 
(Navy) 

Raytheon,  prime;  Raytheon,  guidance;  Aero- 
jet-General, propulsion 

Air-to-air  5-8  mile  range;  Mach  2.5-3; 
ceiling,  over  50,000  ft.;  semi-active,  CW 
homing,  guidance;  solid  and  pre-packaged 
liquid;  conventional 

Operational  with  carrier  aircraft,  earlier 
SPARROW  1  obsolete;  production  begun  on 
advanced  version  (SPARROW  III  B)  to  be 
prime  armament  for  F4H-1  interceptor; 
F3H-2  Demon  also  to  carry  III  B — presently 
equipped  with  SPARROW  III  and  III  A; 
on  Aug.  7,  SPARROW  III  intercepted 
REGULUS  RDU-1  drone 

★SUBROC 
(Navy) 

Goodyear,  prime;  Kearfotf,  guidance;  Thio- 
kol,  propulsion;  Librascope-General  Pre- 

cision, fire  control 

Underwater  or  surface-to-underwater  anti- 
submarine missile;  25-30  mile  range;  solid; nuclear 

Operational  aboard  nuclear-powered  attack 
sub  Thresher;  reportedly  entire  system  was 
tested  as  part  of  current  U.S.  nuclear  tests 

SS-10  (Army) Nord  Aviation,  prime;  GE,  U.S.  licensee Surface-to-surface;  primarily  antitank;  1 600- 
yards  range;  33  lbs.  solid;  wire  guided; 
conventional 

Operational  with  U.S.,  French  and  other 
NATO  and  Western  units;  battle-tested  in 
North  Africa;  U.S.  replacing  with  ENTAC 

★SS-1 1  (Army) Nord  Aviation,  prime;  GE,  U.S.  licensee Surface-to-surface;  antitank;  also  helicop- 
ter-to-surface; 3800-yard  range;  63  lbs; 

wire  guided;  conventional 

Operational,  to  be  used  with  airborne  units 
and   Army  helicopters 

★  TALOS  (Navy) Vitro,  systems  engineering;  Bendix,  prime; 
Bendix,  McDonnell,  Allegany  Ballistics  Lab., 
propulsion;  Sperry,  guidance 

Ship-to-air;  65-mile  range;  solid  and  ram- 
jet; Mach  2.5;  nuclear;  radar  beam  riding/ 

semi-active  homing  guidance 

Operational  aboard  cruisers  Galveston, 
Oklahoma  City  and  three  heavy  cruisers; 
Long  Beach,  first  nuclear-powered  missile 
cruiser,  to  carry  advanced  TALOS 

★tartar 
(Navy) 

Vitro,  systems  engineering;  GD/Pomona, 
prime;  Raytheon,  guidance;  Aerojet-Gen- 

eral, propulsion 

Ship-to-air;  10-mile  range;  Mach  2;  15  feet 
long  and  1  foot  in  diameter;  radar  beam- 
riding  guidance;  solid  dual-thrust  motor; 
conventional 

Operational;  installed  aboard  6  guided 
missile  destroyers  and  as  backup  on  heavy 
cruisers  equipped  with  TALOS;  advanced 
version  with  greater  range  and  improved 
performance  available  in  1962 

TERNE  (Navy) Kongsberg  Vapenfabrikk,  prime;  Arma, 
systems  integration 

Surface-to-underwater  ASW  missile;  264 
lbs;  HE  warhead 

Navy  buying  from  Norway  to  equip  two 
destroyer  escorts 

★TERRIER 
SAM-N-7 
(Navy) 

Vitro,  systems  engineering;  GD/Pomona, 
prime;  GD/Pomona,  Sperry,  guidance; 
ABL,  propulsion 

Ship-to-air;  10-mile  range;  Mach  2.5; 
27  feet  long;  solid  conventional;  2  greatly 
improved  versions  now  becoming  opera- 
tiona  1 

Operational  aboard  one  attack  carrier 
{Kitty  Hawk),  one  light  cruiser  (Springfield) 
and  six  guided  missile  frigates;  also  used 
by  AAormes  for  beachhead  operations 



PROJECT CONTRACTORS DESCRIPTION 
STATUS 

(Air  Force} Rocketdyne,  propulsion;  GE,  re-entry  vehicle 
★  TITAN  SM-68 

(Air  Force) 
STL,  systems  engineering  and  technical 
direction;  Martin,  prime;  Bell/Sperry, 
TITAN  1  guidance;  AC  Spark  Plug,  TITAN 
II  guidance;  Aerojet-General,  propulsion; 
Avco,  TITAN  1  re-entry  vehicle;  GE,  TITAN 
II  re-entry  vehicle 

★TOW  (Army) Hughes,  prime 

*TYPHON 
(Navy} 

Bendix,  missile;  Westinghouse,  weapons 
direction  system  and  radar;  McDonnell, 
propulsion 

ZUNI  (Navy) Naval     Ordnance    Test    Station,  prime; 
j  Hunter-Douglas,  propulsion 

Surface-to-surface  IRBM;  1500-mile  range; 
liquid;  nuclear  guidance,  all  inertial 

Operational;  4  bases  (60  launchers)  in  Eng- 
land    to    be    closed     by  British 

Surface-to-surface  ICBM;  5000-mile  range;  8  bases  for  12  squadrons  planned;  TITAN  I 
liquid;  90  feet  long;  nuclear;  TITAN  I  burns  squadron   at   Lowry   AFB  declared  opera- 
LOX-Kerosene;  TITAN  II  has  storable  pro-  tional  in  April;  TITAN  II  scheduled  opera- 
pellants,  inertial  guidance,  bigger  payload,  tional   early    1963;   TITAN    II  undergoing 
greater  range,  115  ft.  long,-  TITAN  II  to  be  flight  test;  TITAN  II  will  also  be  used  for used  as  basic  core  vehicle  for  TITAN  III  GEMINI  program 
space  booster 
Tube-launched,  optically  tracked, 
guided,  HE  warhead 

wire    Follow-on  to  ENTAC;  Hughes  won  feasibility 
j  demonstration  with  a   reported   8,000  fps missile 

Medium  and  long  range  seagoing  anti-  Development;  successor  for  TALOS,  TARTAR 
aircraft  and  antimissile  missiles  wirh  often-  and  TERRIER;  expense  of  system  may  delay 
sive  capability  against  surface  ships  and  deployment.  Norton  Sound  is  being  con- 
shore  targets;  formerly  called  SUPER  TAR-  verted;  and  a  nuclear  powered  frigate  is 
TAR  and  SUPER  TALOS;  solid  booster  and  being  built  for  the  system 
ramjet   sustainer;  conventional,  supersonic 

5 5-inch,  air-to-surface;  solid;  unguided 
n.-mi.  range  conventional 

Operational;  designed  for 
fighter  and  attack  aircraft 

use    on  Jet 

Satellites  and  Spacecraft 

*ANNA  (Army, 
Navy,  AF, 
NASA) 

★AEROS  (NASA) 

★APOLLO 
(NASA) 

ARENTS  (ARPA) 

★aerospace PLANE 
(AF-NASA) 

BAMBI  (ARPA) 

BOSS 
{Bioastronautics 
Orbiting  Space 
Station), 
Program  698AA 
(Air  Force) 
COMMUNICA- 
TION 
SATELLITE 
PROGRAM, 
MEDIUM- 
ALTITUDE 
(AF-DCA-Army) 

Bureau  of  Naval  Weapons/ Applied  Physics  Geodetic  satellite;  600-mi.  orbit;  36-in 
lab,  prime;  AF   Electronics  Systems   Div./  j  aluminum  sphere  (with  solar  cell  belt,  48 
Edgerton,  Germeshausen  &  Grier,  flash 
tube  experiment;  Army  Engineers  / Cubic 
Corp.,  CW  transmitter 

No  contract  announced 

North  American,  Command  &  Mission 
Modules,  systems  integration;  MIT,  guidance 
development;  tele-communications,  Collins 
Radio;  stabilization  &  control,  Minneapolis- 
Honeywell;  environmental  control,  Ai  Re- 

search; parachute  recovery,  Radioplane; 
escape  tower  rocket,  Lockheed  Propulsion 
Co.;  Reaction  controls,  Marquardt 

GD /Astronautics,  prime 

No  contracts  announced 

GD/Astronautics,  STL 

Lockheed,  AiResearch 

No  contracts  announced 

weighs  355  lbs.;  boosted  by  THOR- 
ABLE  STAR;  2  sets  of  xenon  flash  tubes  pro- 

duce series  of  5  light  flashes  about  20 
times  a  day  as  triangulation  point;  trans- 

mitter provides  range  determination 
through  Doppler  shift  observations 
24-hour  weather  satellite  earth  stabilized; 
TV  cameras  with  variable  focus;  may  use 
SNAP-50  for  power;  booster,  ATLAS- AGENA  or  CENTAUR 

Three- man  spacecraft  for  earth  orbital, 
lunar  orbital  and  lunar  landing  missions. 
Boosters:  SATURN  for  earth  orbits;  Advanced 
SATURN  (C-5)  for  lunar  rendezvous;  NOVA 
for  direct  flight.  3-modular  spacecraft: 
command  module,  5  tons,  12  ft.  high;  serv- 

ice module,  23  tons,  23  ft.  high;  lunar 
excursion  vehicle,  15  tons,  20  ft.  high;  total 
weight:  85,000  lbs. 
Series  of  three  satellites  to  investigate 
space  environment  of  2 2, 000- m.  and  to 
test  long-term  behavior  of  components  at 
this  altitude;  ATLAS-CENTAUR  booster 

Manned,  hypersonic  spacecraft  capable  of 
earth-to-orbit-and- return;  turbofan,  0-3 
Mach;  ramjet,  3-8  or  10  Mach  (oxygen  col- 

lected and  liquified  during  this  cycle);  8  to 
1 0  Mach-orbital  speeds,  LH-LOX  rocket; 
minimum  life  of  100  flights  reportedly  a 
requirement;  also  being  considered  as  a 
5000-mile  aircraft  without  refueling 
Satellite  system  capable  of  intercepting 
enemy  missiles  in  boost  phase  using  space 
based  platforms  and  interceptors 
Recoverable  capsules  with  primates  aboard; 
capable  of  orbital  flights  up  to  two  weeks; 
six  shots  planned  using  ATLAS-AGENA; 
both  circular  orbits  below  radiation  belt 
and  elliptical  orbits  through  the  belts 

planned 
Multiple-launch,  active  repeater  comsot; 
40-50  satellites  in  5000-7000  mile  orbits; 
weight,  less  than  150  lbs.;  ATLAS-AGENA 
booster;  narrow  bandwidth,  voice  and  tele- 

type communications  equipment 

Development;  first  launch  failed  May  1 0; 
second  launch  planned  in  August  post- 

poned due  to  radiation  effects  from  U.  S. 
July  9  nuclear  test;  launch  now  set  for  Oc- 

tober; NASA  may  assume  responsibility  for 
expanded  program  in  1964 

Planning.  First  flights  would  be  in  1964  or 
1965;  development  of  prototype  hardware, 
including  TV  cameras,  to  be  accelerated  in 

FY  '63 
Earth  orbital  shots  schedu'ed  1964-65;  lunar 
orbits  1966;  lunar  landing,  1967-68.  Mis- 

sion profile,  lunar  orbit  rendezvous  selected 
in  early  July;  11  firms  asked  to  submit  bids 
for  development  of  lunar  excursion  vehicle 

Contract  let  to  build  three  payloads;  launch- 
Ings  aboard  a  NASA  payload;  program 
reevaluated  due  to  CENTAUR  delay.  NASA 
pursuing  almost  identical  program:  3  satel- 

lites, 24-hour  orbit  radiation  environment 
investigations 

NASA-AF  set  up  ad  hoc  committee  to  pre- 
pare joint  research  program;  group  to  re- port this  month;  DOD  funding  component 

development  program  in  FY  '63  of  $19  mil- lion; big  development  effort  possible  in 
FY  "64;  craft  could  be  in  operation  by 
about  1970 

Feasibility  still  unproved;  additional  re- search under  way 

Originally  joint  AF-NASA  program;  how- 
ever, DOD  disapproved  AF  participation; 

NASA  considering  funding  entire  $76  mil- 
lion program  in  FY  '64 

One  of  two  systems  resulting  from  re- 
oriented ADVENT  program;  initial  opera- 

tional capability  planned  for  1964,  fully 
operational  by  1966;  to  use  ADVENT 
ground  stations;  responsibilities:  AF,  satel- 

lite; Defense  Communications  Agency,  in- 
terface problems;  Army,  ground  environ- ment 



PROJECT CONTRACTORS DESCRIPTION STATUS 

COMMUNICA- 
TION 
SATELLITE 
PROGRAM, 
HIGH- 
ALTITUDE 
(AF-DCA-Army) 
DISCOVERER 
(Air  Force) 

No  contract  announced 24-hour,  station-keeping,  active  repeater 
Comsat;  operational  system,  3-10  satellites; 
weight,  500  lbs.;  wide  bandwidth  com- munications equipment  with  encryption  and 
anti-jamming  capabilities;  booster,  ATLAS- AGENA 

Second  system  evolved  from  ADVENT;  in- 
itial capability,  1964;  operational,  1966; 

responsibilities:  same  as  medium-altitude 

system 

Lockheed,  prime;  GE,  re-entry  vehicle THOR-AGENA  and  ATLAS-AGENA  launch- 
ings  of  stabilized  satellites;  main  purpose 
is  to  test  techniques  and  components  for 
military  space  systems 

Program  life  extended;  all  data  on  launch- 
ings  classified  as  part  of  new  DOD  infor- 

mation policy;  testing  of  AGENA  D  as- 
signed to  DISCOVERER  program 

★  dyna-soar 
(X-20) 
(Air  Force) 

Boeing,  spacecraft  and  systems  integrator; 
Martin,  propulsion;  Minneapolis-Honeywell 
guidance;  RCA,  communications  data  link. 
Auxiliary  Power,  Sundstrand.  Project  AS- 

SET, McDonnell 

Manned,  delta-winged,  10,000-lb.  boost- 
glide  orbital  spacecraft;  follow-on  to  X-15 
program;  program  will  demonstrate  the 
capability  for  positive  controlled  re- 

entry and  recovery  from  orbit.  TITAN  III 
booster 

Development;  officially  redesignated  X-20, 
but  either  name  may  be  used;  program 
reoriented  and  suborbital  flights  elim- 

inated, design  details  finalized  during 
1961;  Project  ASSET  will  test  structural  in- 

tegrity, using  BLUE  SCOUT;  first  DYNA- SOAR  flight  scheduled  for  1965;  air  drops 
from  B-52  likely  in  late  1963  or  early  1964 

★  ECHO  (NASA) Langley  Research  Center,  prime ECHO  1:  135  ft.  inflatable  sphere  in  650 
mile  orbit;  passive  communication  satellite. 
THOR  for  ballistic  tests;  THOR-AGENA  for 
orbital;  functioning  of  sphere  will  be  tested 
by  monitoring  its  reflectivity  to  radio  waves 
by  measuring  its  radar  cross-section 
Bigger  and  heavier  MERCURY  capsule;  to 
carry  two  men  for  periods  up  to  two  weeks, 
TITAN  II  to  be  used  as  booster.  ATLAS- 
launched;  AGENA  will  be  used  for  rendez- 

vous missions.  12-15  spacecraft  will  be  pro- 
duced. Of  the  12-15  flight  missions,  at 

least  8  will  involve  rendezvous  and  dock- 
ing operations 

ECHO  1  in  orbit  since  Aug.  12,  1960;  ECHO 
II  January  1962,  failed  to  orbit;  first  of 
two  ballistic  shots  planned  this  year  from 
AMR  successful;  orbital  launch  from  PMR 

also  planned  during  FY  '63 

■^GEMINI  (NASA) McDonnell   prime;   Rocketdyne,  spacecraft 
propulsion;  fuel  cell,  General  Electric 

Development;  will  be  used  to  determine 
feasibility  of  rendezvous  for  lunar  mission; 
also  to  test  men  and  components  for 
APOLLO;  first  unmanned  flights,  1963; 
manned  and  rendezvous  flights,  1964-65 

LUNAR 
LOGISTICS 
VEHICLE 
(NASA) 

11  firms  competing  for  vehicle  study  con- 
tract; 13  for  payload  study 

1500-lb.  spacecraft  bus  to  carry  support 
payloads  to  the  Moon;  initial  use  on 
SATURN  C-1B;  later  20,000  lb.  bus  would 
be  used  with  C-5;  seven  specific  payloads will  also  be  studied 

Development  expected  to  begin  in  1963 
after  Congressional  approval  of  FY  '64 funds;  Cost  expected  to  run  to  $500  mil- 

lion; study  contracts  to  be  awarded  in October 

★manned 
orbiting 
DEVELOP- 
MENT 
STATION 
(Air  Force) 

No  contractors  announced Manned  space  station  for  testing  com- 
ponents and  techniques  in  the  space  en- 

vironment; also  considered  imporlant  as  a 
source  of  astronaut  training  to  provide 
reservoir  of  experienced  space  pilots  for 
military  missions 

Program  not  approved  for  development; 
but  strong  indications  DOD  will  approve  it 
in  FY  '64  budget;  AF  spending  approx.  $6 
million  in  FY  '63  for  studies;  NASA  also 
planning  orbiting  lab  for  1966-67  time 

period 
MANNED 
SATELLITE 
INTERCEPTOR 
(Air  Force) 

No  contracts  announced Spacecraft  capable  of  rendezvousing,  in- 
specting and,  if  necessary,  neutralizing 

hostile  satellites 
Termed  "absolutely  essential"  by  the  AF, program  is  being  held  up  by  DOD;  study 
contracts  for  system  to  North  American, 
Lockheed,  Boeing,  McDonnell,  Hughes  and 
Raytheon  by  SSD  cancelled  at  DOD  direc- tion 

★mariner 
(NASA) 

JPL,  prime 450-lb.  unmanned  spacecraft  for  early  in- 
terplanetary missions  to  vicinity  of  Mars 

and  Venus;  boosted  by  ATLAS-AGENA  B 
1000-lb.  MARINER  B  also  under  develop- ment 

Twelve  shots  planned.  First  scheduled 
Venus  fly-by  Aug.  1962  unsuccessful  after 
booster  failure;  second  successfully  launched 
Aug.  27;  six  MARINER  B  flights  in  1963, 
two  in  1964  (ATLAS-AGENA);  '64-'65  flights will  use  CENTAUR 

★mercury 
(NASA) 

McDonnell,  capsule First  U.S.  manned  satellite;  4000  lbs.  + 
(capsule  including  escape  rocket);  boosters: ATLAS  and  REDSTONE 

First  manned  orbital  flight  Feb.  20,  1962 
by  Lt.  Col.  John  Glenn,  USMC.  2nd,  Cmdr. 
Scott  Carpenter,  May,  1962;  six-orbit  flight 
by  Walter  Schirra  set  for  late  September; 
one  more  flight  likely;  modified  MERCURY 
will  make  18-orbit  flights  next  year 

★MIDAS, 
PROGRAM 
239A 
(Air  Force) 

Lockheed,    prime;    Aerojet    IR  detector 
system 

Early-warning  satellite;  detect  1CBM  launch- 
ings  by  IR;  R&D  models  weigh  2.5  tons; 
plans  being  finalized  for  early  integration 
of  advanced  payloads 

Development;  program  being  re-oriented 
from  precise  orbit  satellite  system  to  ran- 

dom orbit  system  due  to  technical  difficul- 
ties with  IR  system;  pushed  back  into  de- 

velopment cycle  with  no  plans  for  opera- 
tional system  approved.  All  program  data 

classified  by  DOD  direction 
★nimbus 

(NASA) 
Goddard  Space  Flight  Center,  prime;  GE, 
integration    and    testing;    RCA,  videcon 
cameras 

2nd  generation  weather  satellite;  Earth- 
stabilized  polar  orbiting;  650  lbs.;  TV 
cameras  and  IR  scanners  in  payload;  THOR- 
AGENA  B  booster 

First  launching  scheduled  for  late  this  year; 
second,  six  months  later;  four  R&D  satellites 
and  four  Weather  Bureau  satellites  pres- 

ently planned 
★  OAO  (NASA) Grumman,  prime;  Westinghouse,  electronic 

components;  GE,  stabilization  and  control; 
Kollsman,  star  trackers 

3500-lb.  orbiting  astronomical  satellite  ob- 
servatory equipped  with  36-in.  primary 

mirror,  spectrometer;  boosted  by  SATURN 

C-l 

First  flight  scheduled  in  1964;  two  more in  1965 

★  OGO  (NASA) Space  Technology  Laboratories,  prime 1000-lb.  satellites  with  instruments  for 
geophysical  measurements  polar  (POGO) 
and  eccentric  (EGO)  shots  planned;  capa- 

ble of  accommodating  up  to  50  experi- 
ments; ATLAS-AGENA  B,  THOR-AGENA  B, 

CENTAUR  boosters 

First  flight  scheduled  in  1963;  19  experi- 
ments planned  for  first  shot;  nine  other 

shots  planned — one  in  '63  and  four  each 
in  '64  and  '65 



PROJECT CONTRACTORS DESCRIPTION 
STATUS 

★  OSO  (NASA) Ball  Brothers,  prime 440-lb.  orbiting  solar  observatory;  THOR- 
DELTA  and  ATLAS-AGENA  booster,  S-16 
early  version;  S-l 7  and  S-57  advanced versions 

First  flight  March  7,  1962,  highly  successful; 
first  flight  for  S-l  7  planned  for  1962;  satel- 

lite stopped  sending  useful  data  in  May 
resumed  in  July  as  spin  rate  decreased; 
10  more  flights  planned;  advanced  OSO 
design  studies  awarded  to  Ball  Bros.,  Re- 

public and  STL 
★  RANGER 
(NASA) 

JPL,  prime;  Aeronutronic,  capsule;  Hercules, 
retrorocket 300-lb.  instrument  capsule  with  seismom- 

eter rough  landed  on  Moon;  before  impact, 
TV  camera  tapes  pictures  of  lunar  surface; 
ATLAS-AGENA  B  booster 

R&D;  first  two  RANGERS  failed  to  launch 
from  orbit;  RANGER  III  launched  Jan,  26, 
failed  to  impact  Moon,  went  into  solar 
orbit;  RANGER  IV  impacted  on  Moon  April 
26;  RANGER  V  scheduled  for  October;  nine 
RANGERS  planned;  all  during  1962  and 1963 

REBOUND 
(NASA) 

No  contract  announced System  of  three  rigidized  multi-launched 
low-orbit  passive  communications  satellites; 
follow-on  to  ECHO.  Satisfactory  design 
completed  in  March.  ATLAS-AGENA  booster 

First  orbital  flight  scheduled  for  1963;  ex- 
periments to  be  conducted  jointly  with  Air Force 

★  RELAY  (NASA) RCA,  prime 150-lb.,  spin-stabilized,  wide-band,  700- 
3000  mile  orbit  active  repeater  experi- 

mental communications  satellites.  Space- 
craft will  contain  two  complete  and  sepa- 
rate communications  transponders  each 

capable  of  handling  a  standard  TV  chan- 
nel or  12  two-way  voice  channels.  DELTA 

booster 

Britain,  France,  Brazil  and  Germany  build- 
ing ground  stations;  two  launchings  planned 

in  1 962;  two  more  in  1 963;  advanced 
RELAY  to  receive  and  transmit  radio  and 
TV  signals  by  way  of  600-lb.  satellite  in 
1 2,000-  mi .  circular  orbit  under  study; 
ATLAS-AGENA  booster;  three  launches 
planned  for  1964;  study  contract  due  this 

year 

★SATELLITE 
INSPECTOR, 
PROGRAM 
621A 
(Air  Force) 

RCA,  prime;  Hughes,  detection  equipment Anti-satellite  inspection  system;  capable  of 
orbital  plane  and  altitude  changes  to  ren- 

dezvous within  50  ft.  of  target;  to  be  com- 
plemented by  interception  system;  about  2 

tons;  ATLAS-AGENA  B  launched 

R&D;  formerly  known  as  SAINT;  during 
March,  1961,  contracts  let  to  design,  fabri- 

cate and  test  the  spacecraft;  program  ap- 
pears behind  schedule  since  feasibility 

demonstration  was  due  early  this  year 

★  SAMOS  (Air Force) Lockheed,  prime;  photo  intelligence  equip- 
ment, Eastman  Kodak;  capsules,  GE;  para- 
chute  and   guidance   recovery  equipment, 

Avco  &  Northrop  Ventura 

Reconnaissance  satellite;  formerly  SENTRY; 
R&D  model  weighs  4100  lbs.  with  E-5  cap- 

sule (3000  with  E-6);  ATLAS-AGENA 
booster;  100-300  mile  circular  polar  orbit 

Development;  SAMOS  II  successfully 
launched  Jan.  31  from  Vandenberg;  sched- 

uled to  be  operational  late  1962;  advanced 
SAMOS  under  development;  all  program 
information  classified  by  DOD  direction 

5ERT  (NASA) RCA,  prime Spinning  satellite  carrying  two  electric- 
propulsion  engines  for  environmental  tests 

SERT  1  to  be  launched  last  quarter  1962 
with  Hughes  and  Lewis  Center  engines 

SLOMAR  (Air Force) Lockheed  and  Martin,  study  contracts Logistics,  maintenance,  supply  spacecraft 
for  space  systems 

Study  contracts  awarded  in  Dec,  I960; 
DOD  studying  concepts  in  connection  with 
Manned  Orbiting  Development  Station 

★SURVEYOR 
(NASA) 

Hughes,  prime;  Martin,  SNAP  device 7501b.  spacecraft  soft-landing  100-300  lbs. 
instruments  on  Moon;  ATLAS-CENTAUR 
booster;  also  Moon  orbiting  vehicle 
planned;  SNAP  II  nuclear  power  generator to  be  used 

First  Moon  flights  1964;  seven  soft-landing 
vehicles  planned;  five  lunar  orbiters  to  trans- 

mit pictures  of  the  surface  also  scheduled 

★  SYNCOM 
(NASA) 

Hughes,  prime 24 -hr.  orbit  instantaneous  narrow  band, 
active  repeater  communications  satellite. 
DELTA  booster;  28  inches  in  diameter  and 
will  weigh  about  55-lbs.  without  weight  of 
injection  motor;  capable  of  accommodating 
one  full  duplex  radio  telephone  channel; 
initial  inclination  to  be  30  degrees 

Development;  three  launchings  using  THOR- 
DELTA  scheduled  during  FY  '63;  500-lb. advanced  SYNCOM  with  wide  band  capa- 

bility (4  TV  channels  or  300  two-way  tele- 
phone channels)  to  be  developed  in  FY  '63; 2  flights  with  ATLAS-AGENA  planned  for 

1964;  one  in  1965;  remarkably  similar  to new  DOD  program 

★  TELSTAR 
(AT&T-NASA) 

BTL,  management  for  AT&T 1 70-1  b.,  active  repeater,  experimental  in- 
dustry  communication  satellite;  DELTA 
booster.  To  be  launched  into  3000-mile 
orbit  by  NASA  on  cost-reimbursed  basis 

Development;  two  to  four  satellites  planned 
for  launch  in  1962;  first  launch  July  10 
highly  successful 

-A- TIROS  (NASA- 
Weo.  Bu.) 

RCA,  prime 285-lb.  meteorological  satellite;  TV  pictures 
of  cloud  cover;  TIROS  II  and  III  carried  IR 
scanner.  TIROS  V  doglegged  into  orbit 
which  will  enable  satellite  to  obtain  data 
on  ice-breakup  in  Northern  hemisphere 

R&D;  first  launching  April,  1960;  second 
Nov.  23,  I960;  third  last  July  12,  fourth 
Feb.  8,  all  successful;  TIROS  V  successfully 
launched  June  19;  two  more  launches 
planned;  both  in  1962 

★  TRANSIT 
(Navy) 

Applied  Physics  Laboratory,  prime;  Martin SNAP  device Navigational  satellite;  R&D  model  weighs 
more  than  250  lbs.;  operational  model 
about  50-100  lbs.;  operational  system:  four 
satellites  in  random,  near-circular  600-mi. 
orbits;  SNAP  nuclear  generator;  THOR- ABLE-STAR  booster 

Operational  system  scheduled  to  be  in 
orbit  by  last  quarter  1 962  to  initially  be 
used  by  POLARIS  subs  and  greatly  reduce 
the  position  errors  of  these  subs 

VELA-HOTEL 
(ARPA) 

STL,    prime;    Los    Alamos    Scientific  Lab/ 
Aerospace,  paylood 

12-sided,  300-400-lb.  satellite  for  detection 
of  nuclear  explosions  in  space;  60,000-n.- 
mi.  orbit;  three  satellites  placed  in  one 
orbital  plane  with  three  more  in  a  plane 
90°  to  the  first;  booster,  ATLAS-AGENA 

Initial  launchings  expected  during  this  cal- endar year 

★  VOYAGER 
(NASA) 

JPL Unmanned  MARINER  follow-on  spacecraft 
to  orbit  Mars  and  Venus  and  to  inject  a 
capsule  to  the  surface.  Capsule  will  then 
communicate  with  Earth  through  orbiting 
spacecraft;  SATURN  booster;  weight  ap- 
prox.  2400  lbs. 

Study;  design  and  development  to  begin 
this  year;  first  flight  planned  by  1965;  Mars 
orbital  flight  scheduled  in  1966 



★  X-15  (NASA- 
AF-Navy) 

CONTRACTORS 

North  American,  prime;  Thiokol,  propulsion; 
Sperry  Gyroscope,  inerrial  flight  data  sys- 

tem; Minneapolis-Honeywell,  adaptive  flight control  electronics 

DESCRIPTION STATUS 

Manned  rocket  plane;  capable  of  4000  Powered  flights  in  progress;  plane  #1  has 
mph  flight  at  edge  of  space;  on  AF  model  hit  Mach  3  and  more  than  136,500  ft.  with 
each  XLR-II  rocket  engine  develops  16,000    XLR-1I  engine;  plane  ̂ 3  set  new  unofficial 
lbs.  of  thrust;  XLR-99  engines  57,000  lbs. 
Three  planes  delivered;  role  expanded  to 
include  testing  of  spacecraft  components 
and  space  research.  Current  re-entry  high 
angle  of  attack  flights  providing  basic 
flight  data  for  DYNA-SOAR  program 

altitude  record  of  314,750  ft.;  plane  —1 
set  new  unofficial  speed  record  for  manned 
powered  flight  of  4159  mph 

Space  Vehicles 

-*AGENA 
(Air  Force) 

Lockheed,  prime;  Minneapolis-Honeywell, 
guidance;  Bell,  propulsion 

1 700-pound   upper  stage  designed   to  go 
;  into  orbit  with  payload;  all-inertial  guid- 

ance; 16  000  lbs  thrust  propellants-  IRFNA/ 
UDMH;  AGEHA  B   has   re-start  capability. 
AGENA  D,  improved  version  of  B  model, 
undergoing  flight  tests 

1  Used  in  DISCOVERER,  SAMOS  and  MIDAS 
1  programs;  used  with  ATLAS  and  THOR;  1st flight  test  of  AGENA  D  in  June;  second, 

|  Aug.  1 
★  BLUE  SCOUT 

(Air  Force) 
Aeronutronic,  prime;  Ling-Temco-Youghf, 
Inc.,  frame;  Minneapolis-Honeywell,  guid- 

ance; Aerojet/Hercules,  Thiokol,  propulsion 

4-stage  vehicle;  speed,  more  than  20,000 
fps;  payload  cap.,  150  lbs.  (345  mi.)  orbit, 
1 00  lbs.  probe  (1 61 0  mi. J;  range,  over 
6000  mi.  vert,  distance;  weight,  35,475  lbs. 

Operational;   based    on    NASA's  SCOUT; 
used  as  space  probe  and   small  ( 1 50-1  b.) 
satellite  launch  vehicle;  also  used  as  AF's 
Hyper- Environ  mental    Test  System 

★  CENTAUR 
(NASA) 

GD/Astronautics,  prime;  Pratt  &  Whitney, 
propulsion;  Minneapolis-Honeywell,  guid- ance 

V 

High-energy  upper  stage  using  a  pair  of 
LOX-liquid  hydrogen  engines;  30,000  lbs. 
total  thrust,  atop  ATLAS  D  booster,  capable 
orbiting  8500  lbs.;  2300  lbs.  to  escape 
velocity  and  1300  lbs.  on  planetary  flights 

Development;  first  flight  test  failed  when 
IH-2  tank  shielding  broke  off  54  sees,  after 
launch;  program  stifl  slipping;  however, 
NASA  plans  to  continue  it 

DELTA  fNASAi Douglas,  booster;  Bell  Telephone  Labs, 
guidance;  Roc  ketdyne/ Aero  jet/ABL,  pro- 
pulsion 

Successor  to  THOR-ABLE;  upper  stage 
guidance;  3  stage  vehicle;  500  lb.  payload 
capability  in  345  mile  orbit;  60  lbs.  to escape 

i  me  rim  launch  venicle  tor  1 1  KUo-tLMU; 
being  used  for  other  satellites  and  one 
deep  space  probe;  26  previously  on  order 
augmented  by  AF  order  for  1 2  more  for 
NASA 

★  NOVA  (NASA) General  Dynamics/Astronautics  and  Martin 
awarded  design  study  contracts 

1  st  Stage:  8-1 2   F-1   engines;  2nd  Stage: 
2  or  more  M-1  engines;  3rd  Stage:  1  J-2 
engine;  Payloads:  240-350  tons  in  345  mile 
orbit;  75  tons  to  escape;  50  tons  planetary 
probe  (liquid) 

R&D  on  1.5  million  lb.  F-l  engines;  solid 
first  stage  may  be  developed  later,*  alterna- tive to  advanced  SATURN  (Rendezvous) 
and  ROVER  nuclear  rocket;  operational 
target  date  1970 

ORION  (Air 
Force) 

General  Atomic Space  booster  propelled  by  series  of 
atomic  explosions 

Studies  only 

T^ROVtK  (NA5A, 
AEC) Lockheed,  vehicle  prime;  Aerojet,  NERVA 

prime;  Westinghouse,  propulsion 
First  nuclear  rocket:  KIWI  B First  Rover  flight  test  expected  1966-67; 

operation  vehicle  1968-69;  to  be  com- 
patible with  both  ADVANCED  SATURN  and 

NOVA  launch  vehicles;  reactor  for  NERVA 
engines  to  be  selected  by  end  of  the  year 

★  SATURN  C-l 
(NASA) 

5ystems  engineering,  assembly  and  guid- 
ance, Marshall  Center;  S-1  stage,  Chrysler 

Corp.;  S-IV,  Douglas 

2-stage  vehicle  for  early  orbital  tests  of 
APOLLO  and  various  space  programs. 
1st  stage.-  8  Rocketdyne  H-l  engines  using 
LOX/RP;  2nd  stage:  6  Pratt  &  Whitney 
RL10-A3  engines  using  LOX/H2;  20,000 
lbs.  into  345-mi.  orbit 

First  C-l  launching  Oct.  27,  1961  from 
Cape  successful;  second  April  24,  1962; 
both  flights  with  inert  upper  stage;  first 
flight  with  live  upper  stages  1963;  S-IV 
stage  successfully  static-tested  by  Douglas in  August 

SATURN  Cl-B 
(NASA) 

Systems  engineering,  assembly  and  guid- 
ance, Marshall  Center;  S-1  stage,  Chrysler; 

S-IVB  stage,  Douglas 

S-1:  8  H-l,  LOX/RP  engines  total  thrust 
1.5  million  lbs.;  S-tVB:  1  J-2  LOX/LH2  en- 

gine with  200,000  lbs.  thrust;  payload 
capability,  30,000  lbs.  in  345-mi.  orbit 

Development;  first  flight  1964  or  early 
1965;  boost  APOLLO  spacecraft  boilerplate 
models,  including  lunar  landing  vehicle; 
may  also  be  used  as  a  supply  vehicle 

★ SATURN  C-5 
(Advanced 
Saturn)  (NASA) 

Systems  engineering,  assembly  and  guid- 
ance, Marshall  Center;  S-IB,  Boeing;  S-ll, 

North  American;  S-IV  B,  Douglas;  F-l, 
North  American;  J-2,  North  American 

S-IB:  5  F-l  engines;  S-ll:  5  J-2  engines; 
S-IVB:  J-2  engine;  1st  stage:  LOX/RP; 
Upper  stages,  LOX/Hj;  1 00  ton  payload 
in  345  miles  orbit;  43  tons  to  escape 
velocity;  30  tons,  planetary  missions 

R&D;  first  flight  scheduled  for  1965;  prime 
booster  for  APOLLO  missions;  will  also  be 
used  to  boost  Orbiting  Space  Station 

SCOUT  (NASA) Chance  Vought,  prime;  Minneapolis- 
Honeywell,  guidance;  Aerojet-General /  Her- 
cules/Thiokol/ABL,  propulsion 

Solid  four-stage  satellite  launcher;  150  lb. 
payload  in  345  n.-mi.  orbit;  also,  used  as 
space  probe  vehicle 

SCOUT  flights  in  '61  completed  R&D; 
payload  capability  being  increased  to  250 

pounds ★  THOR-ABLE- 
STAR  (Air 
Force-NASA) 

STL,  prime;  Rocketdyne /Aerojet-General/ 
ABL,  propulsion 

Three-stage  vehicle,  orbital  capability 
about  900  lbs.  in  300  mi.  orbit;  upper 
stage   has   restart  engines 

THOR-ABLE  phased  out.  Used  in  TRANSIT, 
ANNA,  COURIER,  and  COMPOSITE  satel- lite programs 

★  TITAN  III 
(Air  Force) 

Martin,  systems,  integration;  United  Tech- 
nology, large  solid  boosters;  Martin,  TITAN 

II  vehicle;  Aerojet,  liquid  engines;  Martin, 
standardized  upper  stage;  AC  Spark  Plug, 
guidance 

Quick  reaction  vehicle  for  military  space 
missions;  will  be  used  to  boost  DYNA- 
SOAR;  1st  stage,  2  120-in.  solid  motors; 
2nd  stage,  TITAN  11  (storable  propellants}; 
3rd  stage,  standardized  vehicle  to  be  de- 

veloped; modified  TITAN  11  guidance 

Development;    first    flight    late    1 963;    1 7 
development  flights  planned  (12  TITAN  11 
core  vehicles,  5  full  TITAN  Ill's);  develop- ment program  to  cost  S808  million;  prime 
booster  for  military,  and  some  NASA  mis- 

sions, for  next   10   years;  operational  in 
1965;  as  many  as  30  launches  per  year 
foreseen 



Satellites  in  Orbit 

★  EXPLORER  I  (30.8  lbs.)  U.S.  Launched  1/31/58,  est.  life  7-10  years. 
Orbits  Earth;  perigee  364  km,  apogee  1688  km,  period  105.5  min.  (Dis- 

covered Van  Allen  Belt};  not  transmitting. 
-^VANGUARD  I  (3.25  lbs.)  U.S.  Launched  3/17/58,  est.  life  200-1000 
years.  Orbits  Earth;  perigee  656  km,  apogee  3941  km,  period  133.9; 
transmitting  108.024  mc. 
LUNIK  I  "MECHTA"  (3245  lbs.)  Russia.  Launched  1/2/59.  In  orbit 
around  Sun  on  450  day  cycle;  apogee  1.315  au,  perigee  0.9766  au;  not 
transmitting. 
★VANGUARD  II  (20.7  lbs.)  U.S.  Launched  2/17/59,  est.  life  100-250 
years.  Orbits  Earth  but  is  "wobbling";  perigee  588  km,  apogee  3262 km,  period  125.3;  not  transmitting. 
PIONEER  IV  (13.4  lbs.)  U.S.  Launched  3/3/59.  Orbits  sun  on  398  day 
cycle;  apogee  1.142  au,  perigee  0.981  au;  achieved  primary  mission — 
Earth-Moon  trajectory;  not  transmitting. 
★VANGUARD  III  (about  100  lbs.)  U.S.  Launched  9/18/59,  est.  life 
50-150  years.  Orbits  Earth;  perigee  516  km,  apogee  3719  km,  period 
129.7;  not  transmitting. 
★EXPLORER  VII  (91.5  lbs.)  U.S.  Launched  j 0/13/59,  est.  life  30-40 
years.  Orbits  Earth;  perigee  557  km,  apogee  1072  km,  period  101.1; 
not  transmitting. 
PIONEER  V  (94.8  lbs.)  U.S.  Launched  3/11/60,  est.  life  forever. 
Orbits  Sun  on  31  1 .6  day  period;  interplanetary  environment  probe; 
aphelion  .9951  au,  perihelion  .8061  au,  not  transmitting. 
★TIROS  I  (270  lbs.)  U.S.  Launched  4/1/60,  est.  life  50-150  years. 
Orbits  Earth;  picture-taking  weather  satellite;  perigee  710  km,  apogee 
731  km,  period  99.1;  transmitting. 
★TRANSIT  IB  (265  lbs.)  U.S.  Launched  4/13/60,  est.  life  6  years. 
Orbits  Earth;  perigee  350  km,  apogee  643  km,  period  94.5.  First  R&D 
navigation  satellite.  Not  transmitting. 
★SPUTNIK  IV  (10.008  lbs.)  Russia.  Launched  5/15/60,  est.  life  2-3 
years.  Orbits  Earth;  perigee  221  km,  apogee  256  km,  period  89.3.  Test 
of  support  systems,  cabin,  for  manned  space  flight;  attempt  to  return 
from  orbit  failed;  payload  and  one  piece  still  in  orbit.  Not  transmitting. 
★MIDAS  II  (5000  lbs.).  U.S.  Launched  5/24/60,  est.  life  8-15  years. 
Orbits  Earth;  perigee  439  km,  apogee  538  km,  period  94.2.  Telemetry 
for  IR  scanning  failed  two  days  after  launch.  Not  transmitting. 
TRANSIT  ll-A  (223  lbs.)  U.S.  Launched  6/22/60,  est.  life  50-200  years. 
Orbits  Earth,  perigee  608  km,  apogee  1063  km,  period  101.6.  Trans- 

mitting 162;  216  mc. 
★NRL  SOLAR  RADIATION  SATELLITE  I  (40  lbs.)  U.S.  Launched  6/22/60 
with  TRANSIT  ll-A,  est.  life  50-200  years.  Orbits  Earth;  perigee  613  km, 
apogee  1056  km,  period  101.6.    Not  transmitting. 
★  ECHO  I  (132  lbs.)  U.S.  Launched  8/12/60,  est.  life  2-16  years.  Orbits 
Earth;  perigee  1151  km,  apogee  1849  km,  period  115.9.  First  successful 
orbiting  of  passive  communication  satellite. 
★COURIER  IB  (500  lbs.}  U.S.  Launched  10/4/60,  est.  life  200-500  years. 
Orbits  Earth;  perigee  962  km,  apogee  1217  km,  period  106.9.  First  suc- 

cessful launching  of  delayed  active  repeater  satellite.  Transmitting. 
EXPLORER  VIII  (90  lbs.)  U.S.  Launched  11/3/60  by  JUNO  II,  est.  life 
20-50  years.  Orbits  Earth;  perigee  413   km,  apogee  2266  km,  period 
1 1 2.4.  Provided  ionospheric  measurements  for  communications.  Not 
transmitting. 
★TIROS  II  (280  lbs.)  U.S.  Launched  11/23/60,  est.  life  200-500  years. 
Orbits  Earth;  perigee  610  km,  apogee  740  km,  period  98.2.  Not  trans- mitting. 
SAMOS  II  (4100  lbs.)  U.S.   Launched   1/31/61.    Orbits  Earth;  perigee 
465  km,  apogee  552  km,  period  94.9.  First  R8cD  reconnaissance  satellite. 
VENUS  PROBE  (1419  lbs.)  Russia.  Launched  2/12/61.  Orbits  Sun  on  300 
day  cycle;  aphelion  1.0190  au,  perihelion  0.7183  ou. 
★  EXPLORER  IX  (15  lbs.)  U.S.  Launched  2/16/61.  Orbits  Earth;  perigee 
728  km,  apogee  2445  km,  period  117.8.  A  1 2-f t.  "polka  dot"  balloon. 
EXPLORER  X  (78  lbs.)  U.S.  Launched  3/25/61.  Optical  pumping  magne- tometer. Position  uncertain. 
★EXPLORER  XI  (82  lbs.)  U.S.  Launched  4/27/61.  Orbits  Earth;  perigee 
487  km,  apogee  1782  km,  period  107.8.  Measures  gamma  rays  from  the 
stars  absorbed   in   Earth's  atmosphere. 
★TRANSIT  IVA  (IVA,  175  lbs.,  GREB  III,  55  lbs.;  INJUN  40  lbs.)  U.S. 
Launched  6/29/61.  Orbits  Earth;  TRANSIT — perigee  877  km,  apogee 
1001  km,  period  103.8.  GREB-INJUN — perigee  878  km,  apogee  1001 
km,  period  103.8.    Transmitting.  IVA:  54;  150;  324;  400.  GREB-INJUN: 
136.5.  GREB  III  and  INJUN  failed  to  separate. 
TIROS  III  (285  lbs.)  U.S.  Launched  7/12/61.  Orbits  Earth;  perigee  745 
km,  apogee  811  km,  period  100.30.  Transmitting  cloud  cover  weather 
pictures. 
★MIDAS  III  (3500  lbs.)  U.S.  Launched  7/12/61.  Orbits  Earth;  perigee 
3401  km,  apogee  3489  km,  period  161.5.  IR  early  warning  satellite. 
★EXPLORER  XII  (83  lbs.)  U.S.  Launched  8/16/61.  Insufficient  observa- 

tions. Study  Van  Allen  belts  and  energetic  particles  in  space. 

MIDAS  IV  (3500  lbs.)  U.S.  Launched  10/21/61.  Orbits  Earth;  perigee 
3512  km,  apogee  3739  km,  period  166.0.  IR  scanning  early-warning  satel- lite. 
★DISCOVERER  XXXIV  (2100  lbs.)  U.S.  Launched  11/5/61.  Orbits 
Earth;  perigee  230  km,  apogee  636  km,  period  93.3.  Malfunction  in  orbit 
forced  abandonment  of  usual  attempt  to  recover  capsule. 
★TRANSIT  IVB  (200  lbs.)  U  S.  Launched  1  1/15/61.  Orbits  Earth;  perigee 
946  km,  apogee  1116  km,  period  105.6.  Satellite  is  an  operational 
prototype  of  the  Navy's  navigational  satellite.  Solar  cells  damaged  by radiation  from  U.S.  July  9  nuclear  test. 
★TRAAC  (200  lbs.)  U.S.  Launched  11/15/61  piggy-back  on  TRANSIT 
IVB.  Orbits  Earth;  perigee,  952  km,  apogee  1112  km,  period  105.6.  De- 

signed to  test  new  system  of  stabilization  based  on  the  Earth's  gravitation field.  Also  designed  to  supply  data  on  the  Van  Allen  belt.  Solar  cells  dam- 
aged by  radiation  from  U.S.  July  9  nuclear  test. 

★  RANGER  III  (727  lbs.)  U.S.  Launched  1  /26/62.  Orbits  sun  on  406.4 
day  cycle;  probe  failed  to  impact,  went  into  heliocentric  orbit;  aphelion 
1.163  au.,  perihelion,  0.9839  au.  Not  transmitting. 
★TIROS  IV  (285  lbs.)  U.S.  launched  2/8/62.  Orbits  Earth;  apogee  853 
km,  perigee  697  km,  period  100.3;  weather  satellite  to  gather  cloud  cover 
pictures  and  IR  heat  balance  data.  Transmitting  136.23;  136.92  mc. 
★ORBITING  SOLAR  OBSERVATORY  (440  lbs.)  U.S.  Launched  3/7/62. 
Orbits  Earth;  perigee  548  km,  apogee  593  km,  period  95.9;  payload  con- 

sisted of  13  experiments  to  study  solar  radiations,  investigate  dust 
particles  in  space  and  thermal  radiation  characteristics  of  spacecraft 
surface  materials.  Resumed  transmitting  on  136.744  mc.  in  latter  part  of 
June  after  stabilization  lapse  on  May  22. 
COSMOS  II  (?)  Russia.  Launched  4/6/62.  Orbits  Earth;  perigee  213  km, 
apogee  1 294  km,  period  99. P;  second  in  a  series  of  space  environ- mental research  satellites;  transmission  data  not  known. 
★COSMOS  III  Russia.  Launched  4/24/62.  Orbits  Earth;  perigee  221  km, 
apogee  524  km,  period  91.9;  third  of  a  series  and  intended  to  study 
weather,  communications  and  effects  of  radiation  on  man  during  pro- 

longed space  flights. 
ARIEL:  INTERNATIONAL  SATELLITE  (132  lbs.)  U.S. -U.K.  Launched  4/26/ 
62;  perigee  390  km,  apogee  1209  km,  period  100.8;  first  joint  satellite 
(U.K.  built  payload;  U.S.  supplied  booster,  satellite  structure  and  tracking 
facilities)  to  study  the  ionosphere  and  the  intensity  of  cosmic  radiation. 
Solar  cells  damaged  by  radiation  from  U.S.  July  9  nuclear  test. 
COSMOS  V  (?)  Russia.  Launched  5/28/62.  Orbits  Earth;  perigee  199  km, 
apogee  1434  km,  period  101.2;  another  Soviet  satellite  for  space  environ- 

mental research.  Transmitting. 
TIROS  V  (285  lbs.)  Launched  6/19/62.  Orbits  Earth;  perigee  589  km, 
apogee  974  km,  period  100.5.  IR  components  &  one  TV  camera  not  func- 

tioning but  satellite  still  expected  to  provide  data  on  the  breakup  of  ice 
in  northern  latitudes  as  well  as  on  the  growth  of  hurricanes.  Transmitting 
136.235;  136.922  mc. 
COSMOS  VI  (?)  Russia.  Launched  6/30/62.  Orbits  Earth;  perigee  262 
km;  apogee  279  km,  period  89.8.  Continuation  of  Soviet-announced  space 
environmental  research  program.  Not  transmitting. 
TELSTAR  I  (170  lbs.)  Launched  7/10/62.  Orbith  Earth;  perigee  952  km, 
apogee  5635  km,  period  157.7.  AT&T-developed  experimental,  active 
repeater  communications  satellite  to  study  feasibility  of  low-altitude  sys- 

tem and  measure  the  effects  of  radiation  on  satellite  systems  and  life- 
time; successfully  transmitted  transatlantic  TV,  telephone  and  radio 

traffic.  Transmitting  136.05  mc. 
COSMOS  VIII  (?)  Launched  8/18/62.  No  orbital  data  available.  Part  of 
space  research  program  begun  five  months  ago,  according  to  TAS5. 
SECRET  AF  SATELLITES: 

•  Launched  3/7/62.  wt.  unk.  ATLAS-AGENA  B.  Orbits  Earth;  perigee 
244  km,  apogee  586  km,  period  92.9. 

•  Launched  4/9/62.  wt.  unk.  ATLAS-AGENA  B.  Orbits  Earth;  perigee 
2816  km,  apogee  3379  km,  period  153.0. 

•  Launched  5/15/62.  wt.  unk.  THOR-AGENA  B.  Orbits  Earth;  perigee 
297  km,  apogee  628  km,  period  93.7. 

•  Launched  6/18/62.  wt.  unk.  ATLAS-AGENA  B.  Orbits  Earth;  peri- 
gee 366;  apogee  403,  period  92.3. 
•  Launched  6/28/62.  wt.  unk.  ATLAS-AGENA  B.  Orbits  Earth;  peri- 
gee 192  km,  apogee  516  km,  period  91.7. 
•  Launched  7/21/62.  wt.  unk.  ATLAS-AGENA  B.  Orbits  Earth;  peri- 
gee 177  km,  apogee  177  km,  period  88.1. 
•  Launched  7/28/62.  wt.  unk.  ATLAS-AGENA  B.  Orbits  Earth;  peri- 
gee 188  km,  apogee  347  km,  period  89.9. 
•  Launched  8/2/62.  wt.  unk.  ATLAS-AGENA  D.  Orbits  Earth;  perigee 

194  km,  apogee  366,  period  90.2. 
•  Launched  8/5/62.  wt.  unk.  ATLAS-AGENA.  Orbits  Earth;  no  other data  available. 
•  Launched  8/23/62.  wt.  unk.  BLUE-SCOUT.  Orbits  Earth;  no  other 

data  available. 



Technical  Countdown 

ADVANCED  MATERIALS 

Helium  Closed-Cycle  Refrigerator  Hits  — 455.2°F 
A  closed-cycle  refrigeration  system  able  to  achieve  and 

hold  a  temperature  within  2.5  degrees  of  absolute  zero  has 
been  designed  and  built  by  Air  Products  and  Chemicals,  Inc. 
The  system  was  specifically  developed  for  maser  applications, 
but  is  also  adaptable  to  other  cooling  jobs  such  as  supercon- 

ducting magnets  and  computer  memory  planes.  The  unit 
uses  oil-free  compressors  and  expanders,  since  the  slightest 
contamination  of  the  helium  working  fluid  will  cause  a  mal- 

function. The  system  will  reach  temperature  within  three 
hours  and  is  designed  for  field  use  of  up  to  three  months 
operation  without  maintenance.  The  development  evolved 
from  a  contract  with  Bell  Telephone  Labs  for  the  U.S.  Army 
Ordnance  Missile  Command. 

OAO  Starts  39-Day  Vacuum  Test 
The  longest  single  thermal  vacuum  test  of  a  space  satel- 
lite is  under  way  at  Grumman  Aircraft  Engineering  Corp. 

On  Aug.  21,  a  structural  model  of  the  Orbiting  Astronomical 
Observatory  was  loaded  into  a  huge  environmental  chamber 
for  39  days  of  constant  exposure.  The  test  is  aimed  primarily 
at  checking  out  the  satellite's  passive  temperature  control  sys- 

tem, ending  1 .5  years  of  exhaustive  thermal  analysis  covering 
every  section  of  the  10-ft.  OAO.  Structural  distortion  is  being 
measured  to  within  a  few  seconds  of  arc  using  pendulum- 
type  transducers.  Distortion  measurement  is  necessary  for 
development  of  the  satellite's  extremely  precise  stabilization 
and  control  system. 

Sateiloon  Contract  Awarded 

Two  135-ft.-dia.  inflatable  communications  satellites  will 
be  fabricated  with  a  new  chemically  milled,  plastic-to-metal 
lamination  by  G.T.  Schjedahl  Co.  under  a  $200,000  NASA 
contract.  The  spheres  will  meet  the  same  dimensional  specs 
as  Echo  A-12.  Static  inflation  tests  to  be  made  this  month 
will  determine  use  of  the  material  in  communications  projects 
such  as  Rebound.  The  material  consists  of  a  sandwich  of 
ultra-thin  aluminum  bonded  to  a  center  piece  of  biaxially 
oriented  polypropylene.  Milling  eliminates  more  than  60% 
of  the  aluminum,  leaving  tiny  hexagonal  "windows"  which cut  down  the  effect  of  solar  radiation  on  such  inflated 
satellites. 

Dry-Bonded  Circuit  Usage  Expands 
New  England  Laminates  Co.,  developers  of  a  new  chemi- 

cally dry  bonding  scheme  for  packaging  multi-layer,  high- 
density  printed  circuits,  reports  the  technique  is  being  used 
on  a  pre-production  basis  by  five  major  aerospace  firms. 
Company  officials  claim  significant  improvements  in  relia- 

bility and  circuit  performance  over  so-called  "wet  lay-up" 
systems.  In  the  Nelco  Dri-Pli  process,  fully  cured,  ultra-thin, 
copper-clad  epoxy  glass  laminates  are  bonded  by  an  epoxy 
resin-impregnated  woven  glass  fiber  cloth  inserted  between 
circuit  layers.  The  package  is  unitized  by  hydraulic  pressure 
and  heat  from  a  standard  press.  At  present,  from  three  to 
eight  circuits  can  be  produced  with  the  system. 

Fine  Grain  W-Alloy  Ingots  Produced 
Oregon  Metallurgical  Corp.  has  succeeded  in  producing 

fine-grain,  high-tungsten  alloy  ingots  through  a  rapid  cooling 
operation  coupled  with  centrifugal  force.  Oremet  has  pro- 

duced equiaxed-grain  ingots  of  7  in.  dia.  Ingots  have  been 
upset-forged  and  ring-rolled  into  cylinders.  Rods  of  varying 
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diameters  have  also  been  directly  swaged  from  the  as-cast 
product.  The  alloy  is  a  tungsten-molybdenum  combination. 

PROPULSION 

Rocketdyne  Expands  in  Solids 
Two  casting  and  curing  pits,  two  propellant  mix  buildings 

and  a  non-destructive  test  facility  will  be  completed  next 
month  at  Rocketdyne's  McGregor,  Tex.,  facility  (Air  Force 
plant  66)  in  the  first  phase  of  a  $2.3-million  expansion  pro- 

gram. The  first  phase  alone  will  provide  a  50%  increase  in 
propellant  processing  capability — an  additional  12  million 
lbs.  of  high-energy  castable  propellant  per  year.  Motors  up 
to  160  in.  across  and  25  ft.  long  can  be  handled.  Next  on  the 
program  is  construction  of  a  1.5-million-lb. -thrust  firing  stand 
and  rehabilitation  of  the  test  control  center  and  oxidizer 
processing  buildings. 

Uncured  Propellant  Analyzer  Perfected 
Scientists  at  Redstone  Arsenal  have  developed  an  X-ray 

emission  method  to  completely  analyze  uncured  solid  pro- 
pellant samples  in  less  than  15  min.  The  process,  conceived 

by  Bernard  Alley  and  James  Higgens  of  the  Propulsion  Lab, 
can  determine  the  ingredients  in  the  propellant  "soup,"  the 
amount  of  each  and  also  particle  size.  The  process  is  also 
being  used  as  a  quality  control  device  involving  pellets  identi- 

cal to  the  propellant  under  examination.  Random  samples 
placed  in  an  X-ray  machine  with  the  pellets  are  checked  for 
radiation  differences.  Analytical  process  time  has  been  cut 
from  a  day  with  the  new  method. 

ELECTRONICS 

Army  Micromodule  Program  Expands 

The  Army's  Chief  Signal  Officer,  Maj.  Gen.  Earle  F. 
Cook,  speaking  in  New  York  last  week,  said  the  service 
would  commit  about  $8  million  of  its  FY  '63  budget  for 
micromodule  equipment  and  systems — double  the  1962  fig- 

ure. The  Army-industry  team  conducting  the  program,  says 
Gen.  Cook,  will  reach  a  production  rate  of  250,000  micro- 

modules a  year  by  March,  1963,  a  million  a  year  by  June, 
1964,  and  3  to  5  million  annually  in  1965  under  existing 
plans.  RCA  holds  the  prime  Signal  Corps  program  contract 
and  is  supported  by  about  61  other  contributing  firms. 

Gemini  Digital  Command  to  Motorola 

Motorola's  Western  Electronics  Division  will  develop  the 
digital  command  system  for  the  Gemini  orbital  capsule.  The 
equipment  consists  of  r-f  command  receivers,  decoders  and 
a  buffer  storage  unit.  Proved  Motorola  components  such  as 
those  in  the  Mercury  will  be  used.  Specified  mean  time  be- 

tween failures  is  approximately  17,000  hrs. 

NSF  To  Conduct  Free  Balloon  Flights 
Five  free  balloon  flights  will  be  sponsored  by  the  National 

Science  Foundation  beginning  in  mid-October  and  continu- 
ing at  the  rate  of  one  every  30  days.  Dubbed  "Polariscope," the  launches  will  be  conducted  by  the  National  Center  for 

Atmospheric  Research,  Boulder,  Colo.,  to  study  diffuse  radi- 
ation, its  polarization,  its  variation  with  ozone  content  change 

and  inter-comparison  of  planetary  atmospheres.  The  290-ft. 
balloons  will  be  launched  by  Winzen  Research  Inc.,  from 
Page,  Ariz.  They  will  carry  a  1400-lb.  payload,  consisting  of 
a  28-in.  telescope,  to  a  minimum  altitude  of  110,000  ft. 
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Gemini  Booster  Assembly  Line  Readied 

Martin /Baltimore  to  deliver  first  of  15 

vehicles  in  Jan.  '63;  Titan  II  tooling  usable 
by  John  F.  Judge 

THE  FIRST  OF  15  man-rated 
Gemini  Launch  Vehicles  will  roll  out 

of  the  Martin  Co.'s  Baltimore  plant 
sometime  in  January,  1963.  The  huge 
vehicles  are  essentially  Titan  II  boosters 
with  extensive  system  redundancy  and 
malfunction  detection  devices. 

The  basic  manufacturing  program 
for  the  Gemini  boosters  is  integrated 
with  the  Titan  II  production  schedule. 
About  75%  of  the  tooling  and  98%  of 
the  master  gages  are  common  to  both. 

Martin's  Space  Systems  Division  in 
Baltimore  is  fully  utilizing  the  experi- 

ence of  the  firm's  Denver  facility  in 
Titan  booster  fabrication.  It  is  not  gen- 

erally appreciated  that  almost  51%  of 
the  Titan  hardware  has  always  been 
produced  at  Baltimore.  The  Denver 
operation  is  often  thought  to  be  the  sole 
Martin  Titan  production  facility. 

Manufacturing  functions  assigned  to 
each  facility  correspond  in  general  to 
similar  operations  on  the  Titan  II  mis- 

sile. Martin  spokesmen  said  the  Titan 
III  core  will  not  resemble  the  Gemini 
booster  in  its  manufacturing  flow. 

•  That  extra  44/100%— The  major 
difference  in  the  Gemini  Launch  Vehicle 
(GLV)  is  attributable  to  its  manned 
payload.  The  Titan  II  is  already  an  ex- 

tremely reliable  vehicle  by  engineering 
intent.  To  raise  this  formidable  figure 
even  a  fraction  of  a  percent  takes  an 
extraordinary  amount  of  planning  and 
effort. 

There  are  basic  differences  in  the 
missions  and  Martin  expects  to  capi- 

talize on  each  one — no  matter  how 
minor. 

For  instance,  the  GLV  is  not  pro- 
gramed for  long  storage  in  the  fueled 

condition  as  is  the  Titan  II  missile. 
Elimination  of  this  and  other  weapons 
system  requirements  gives  Martin  engi- 

neers additional  reliability-assurance  ap- 
proaches. 

The  entire  work  force  is  highly 

aware  of  the  manned  aspects  of  the  pro- 
gram. This  is  promulgated  on  the  shop 

floor — even  to  the  extent  of  decals  on 
the  vehicle  subassemblies.  All  personnel 
on  the  project  are  undergoing  strong 
indoctrination  courses  on  the  overall 

program,  reliability,  the  stringent  clean- 
liness demands  and  logistics. 

Depending  on  the  particular  system, 
certain  shop  people  receive  specified 
courses,  some  of  which  run  as  long  as 
180  hours.  Even  the  most  experienced 
production  metal  workers,  welders,  ma- 

chinists and  others  must  meet  this  re- 

quirement. 
Martin  is  constructing  a  large  "clean 

room"  facility  on  the  production  line 
to  handle  critical  parts.  The  personnel 
involved  will  be  certified  and  an  in- 

volved series  of  checks  and  double- 
checks  will  cover  all  parts  run  through 
this  room. 

Critical  components  will  be  identified 
and  receive  special  handling,  whether 

GEMINI  BOOSTER  contamination-control  and  as- 
sembly room  is  being  constructed  on  the  main  assem- 

bly line.  The  facility  will  have  all  the  necessary  "white 
room"  equipment  and  positive  pressure  characteristics. 

PNEUMATIC  *  OXIDIZER  AREA ASSEMBLY  A  TEST 

VAPOR  DEGREASER 
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Martin-fabricated  or  supplied  by  sub- 
contractors. The  part  itself,  as  well  as 

any  accompanying  paperwork,  will  be 
marked  critical  by  tag  or  decal. 

So  stringent  is  this  procedure  that 
the  process  plan  excludes  from  the  final 
vehicle  any  critical  component  exhibit- 

ing erratic  behavior  or  transient  mal- 
functions caused  by  temporary  devia- 

tions during  tests.  Even  refurbished  or 
repaired  parts  must  undergo  an  addi- 

tional certification  by  the  quality  and 
reliability  managers  before  gaining  ac- 
ceptance. 

•  Manufacturing  breakdown — The 
basic  Gemini  area  at  Baltimore  will 
handle  all  structural  subassemblies, 
interstaging,  skirt  assembly,  final  assem- 

bly, installations — including  engines — 
alignment,  prevertical  test,  vertical  test 
and  checkout,  and  shipping. 

Structural  and  system  details  will  be 
fabricated  in  the  Baltimore  shop  areas 
and  delivered  to  the  assembly  area. 
Tanks — fuel  and  oxidizer — will  be  man- 

ufactured, tested,  calibrated,  cleaned 
and  packaged  at  Denver.  Chemical  mill- 

ing will  also  be  handled  at  Denver.  The 
tanks  will  be  spliced  to  transtainers  and 
shipped  by  air  to  Baltimore. 

Two  progressive  lines  will  be  formed 
in  the  final  assembly  area  for  component 
installations  in  both  vehicle  stages.  Sys- 

tems installations  in  the  tank  sections 
will  be  made  progressively  so  that  all 
sections  are  completed  at  the  same  time. 

In  the  first-stage  oxidizer  tank  assem- 
bly, the  pressure  switch,  malfunction 

sensors  and  vaporized-oxidizer  hot  gas 
line  will  be  attached  to  the  forward 
dome.  Low-level  sensors  will  be  attached 
to  the  aft  dome. 

Electrical  system  destruct  switches 
and  MDS  separation  disconnects  will  be 
installed  in  the  forward  skirt  and  the 
rate  gyro  assembly  attached  to  the  tank 
manhole  cover.  Electrical  panel  assem- 

blies and  terminal  strips  will  be  fastened 
to  the  aft  skirt. 

The  first-stage  fuel  tank  aft  skirt  will 
support  the  engine  interface  disconnect, 
pad  separation  plugs,  engine  shutdown 
relays,  instrumentation  umbilical  fittings, 
strain  gages,  transducers,  accelerometers, 
amplifiers  and  acoustical  probes. 

Electrical,  instrumentation  and  mal- 
function detection  harnesses  will  be 

installed  on  both  tanks  and  intercon- 
nected after  the  fuel  and  oxidizer  tank 

sections  are  spliced. 
The  second-stage  oxidizer  tank  will 

have  its  pressure  switch  installed  on  the 
forward  dome,  with  the  sensors  and 
temperature  probes  attached  to  the  aft 
dome.  The  command  control  antennas 
will  be  installed  in  four  places. 

The  second-stage  fuel  tank  will  have 
the  oxidizer  feed  line  installed  in  the 
tank  conduit.  The  roll-nozzle  fitting  will 
be  bolted  to  the  aft  skirt  together  with 
the    hydraulic    system    components — 
missiles  and  rockets,  September  3,  1962 

TWO  FULLY  INSTRUMENTED  launch  vehicles  can  be  handled  in  this  vertical  test 
facility  at  Martin/Baltimore.  Three-level  control  room  in  rear  of  test  cells  houses  auxiliary 
systems  functional  test  stands  in  the  first  level,  additional  ground  support  equipment  in 
the  second,  and  the  third  level  holds  the  control  center  for  compatibility  tests.  Test  in- 

struments on  the  three  levels  will  be  interconnected  with  each  other  and  with  both  test 
cells.  Steel  "penthouse,"  not  visible  here,  extends  through  roof  of  building  above  cells. 

reservoir-accumulator,  pump,  valves  and 
interconnecting  plumbing.  The  instru- 

mentation system,  probes,  transducers, 
reference  junction  and  amplifiers  will 
also  be  attached  to  the  aft  skirt. 

The  forward  skirt  will  hold  the 
range  safety  system  wave  guides,  power 
dividers,  hybrid  ring  and  junction  boxes. 
While  installations  are  being  made  in 
the  tank  section,  the  trusses  will  be 
wired,  using  wooden  dummies  to  simu- 

late critical  electronic  components,  and 
thus  eliminating  the  possibility  of  dam- 

age to  these  units  during  assembly. 
Air-conditioning  ducts,  primacord 

tubing  and  the  various  electrical  and 
electronic  units  will  be  installed  on  the 
trusses  after  wiring. 

In  each  case,  the  tanks  will  not  be 
opened  until  the  immediate  area  has 
been  cleaned  and  vacuumed.  A  "port- 

able clean  room"  which  fits  around  the 
vehicle  in  the  immediate  area  of  installa- 

tion will  be  used  to  mate  those  com- 
ponents processed  through  the  contami- nation-control rooms. 

The  engines  for  both  stages  will  be 

shipped  by  Aerojet-General.  Each  as- sembly includes  the  engine  itself,  truss 
assemblies,  accessories,  malfunction  de- 

tection systems  sensors,  wiring  and  tub- 
ing. Martin  will  prepare  the  engines  for 

installation  using  Aerojet-supplied  tool- 
ing and  approved  procedures. 
The  GLV  then  moves  through  a 

comprehensive  pre-vertical  test  proce- 
dure covering  the  electrical,  hydraulic 

and  propulsion  systems.  The  propulsion 
and  pressurization  systems  will  be  leak- 
tested  and  checked  for  continuity  of 

flow  and  function.  A  hydraulic  system 
pressure  check  will  be  run;  then  the 
system  will  be  bled  and  a  functional 
operational  check  performed  by  cycling 
the  actuators  electrically. 

Electrical  control  consoles  will  pro- 
vide power  to  actuate  valves  and  con- 
trols during  the  hydraulic  and  pneu- 
matic servicing  and  testing.  These  units 

will  verify  that  all  circuits  are  properly 
interconnected  and  that  all  solenoids 
and  controls  are  operative. 

Following  this,  the  stages  will  be 
painted  and  mated  in  the  vertical  test 
facility,  a  huge  structure  capable  of 
handling  two  GLV's  at  once.  Complete 
vehicle  subsystem  functional  verification 
tests  will  be  performed  first.  These  in- 

clude electrical,  propellant  and  pressuri- 
zation, hydraulic,  flight  control,  range 

safety  and  tracking,  ordnance,  instru- 
mentation, guidance,  and  malfunction 

and  detection  system  tests. 
This  will  be  topped  off  with  a  com- 

bined system  acceptance  test  consisting 
of  a  simulated  launch  countdown  and 
flight  sequence  with  a  spacecraft  simu- lator. This  final  test  will  demonstrate 
that  the  airborne  systems  and  allied 

ground  equipment  operate  in  a  com- 
patible manner,  and  that  functions  occur 

at  the  proper  times  and  in  the  proper 
sequence. 

Data  will  be  collected  through  op- 
erator monitoring  and  manual  recording. 

Telemetry  recordings  will  also  be  made. 
In  effect,  Martin  does  everything  short 
of  an  actual,  physical  launch  in  this 
vertical  test  facility.  Next  comes  ship- 
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New  Gyro  Aimed  at  Tactical  Missiles 

HYDROGYRO  disassembled  to  show  its  major  components. 

Little  Falls,  N.  J.  —  General 
Precision,  Inc.'s  newly  formed  Aero- 

space Group  (M/R,  May  7,  p.  37)  has 
come  up  with  a  proposal  for  a  new  two- 
axis  "gimballess"  rundown  gryo.  The 
move  should  fill  a  need  for  accurate,  re- 

liable, inexpensive  gryos  capable  of 
withstanding  extremely  high  g-loadings. 

The  proposed  instrument  uses  hy- 
drostatic pressure  to  run  up  and  support 

the  only  moving  part — a  brass  or  alumi- 
num rotor.  First  likely  application  will 

be  in  short-range  tactical  missiles. 
Though  the  small  and  lightweight 

device  has  not  yet  been  flight  tested, 
engineers  say  laboratory  tests  with  two 
prototypes  showed  performance  char- 

acteristics far  in  excess  of  more  con- 
ventional gyros  requiring  ball  bearing 

support  and  mechanical  gimballing. 
•  Named  "Hydrogyro" — The  de- 

vice has  been  dubbed  "Hydrogyro"  by 
developer  Bernard  Parker,  manager  of 
advanced  gyrodynamic  research  at  the 
firm's  Kearfott  Div.  here.  Hopes  for  its 
operational  use  are  said  to  be  riding 
with  Ling-Temco-Vought's  proposal  on 
Missile  B,  and  also  with  a  separate  pro- 

posal made  recently  to  Hughes  Aircraft 
Corp.  on  the  TOW  missile  system.  Ad- 

ditional proposals  on  surface-to-air  de- 
fensive missiles  are  expected. 

Basically,  here  is  how  Hydrogyro 
operates: 

Gas  from  two  separate  supplies  en- 
ters the  gyro's  rotor  drive  inlet  and  gas- 

bearing  inlet  simultaneously  (see  draw- 

ing), though  at  different  burning  rates. 
For  laboratory  tests,  cold  gas  was  used. 
In  an  operational  configuration,  a  hot- 
gas  solid-propellant  charge,  activated 
by  either  squib  or  exploding  bridge 
wire,  is  employed. 

Under  regulated  pressure,  gas  enter- 
ing the  gas-bearing  inlet  is  fed  via  a 

plenum  chamber  to  eight  hydrostatic 
support  pads.  This  raises  the  rotor  and 
forms  the  single  gas  bearing  which,  in 
effect,  replaces  the  six  ball  bearings  and 
two  gimbal  assemblies  commonly  found 
in  other  two-axis  gyros.  The  flow  to 
these  pads  continues  throughout  the 

gyro's  operating  life. While  the  gas  is  giving  the  rotor 
support,  gas  entering  through  the  rotor 
drive  inlet  also  moves  through  a  plenum 
and  then  through  a  series  of  nozzles 
which  surround  the  rotor.  The  gas 
eventually  impinges  on  the  ring  of 
turbine  buckets  which  circle  the  rotor's 
mid-section.  This  action  imparts  spin 
to  the  rotor. 

•  Rapid  run-up  —  According  to 
Parker,  the  gas  supply  will  accelerate 
the  Hydrogyro  rotor  to  50,000  rpm  in 
0.1  sec.  Initial  angular  momentum  at 

run-up  is  7  x  108  gm  cm'-Vsec. 
A  caging  mechanism  provides  ini- 
tial spin  axis  alignment,  roughly  fixing 

the  position  of  the  rotor  buckets  rela- 
tive to  inlet  drive  nozzles.  Gas  flow 

during  the  run-up  phase  then  captures 
and  holds  the  gyro  so  that  the  rotor's spin  axis  aligns  with  the  average  torque 

vector.  When  the  rotor  hits  maximum 
turn-up  speed,  the  gas  flow  stops,  auto- 

matically unseating  and  locking  out  the 
caging  pin  (through  a  pressure  tap-off 
point  in  the  rotor  drive  inlet),  effec- 

tively freeing  the  rotor  during  run-down. 
A  more  advanced  engaging  mech- 

anism using  explosive  actuating  tech- 
niques is  now  under  development  for 

use  with  these  gyros. 
The  gas  used  for  turn-up,  after 

leaving  the  turbine  blades,  is  ducted 
along  two  grooves  (which  remain  at  ex- 

haust pressure)  in  the  inside  of  the 
casing  to  the  exhaust  ports. 

After  the  gas  to  the  rotor  drive 
stops,  the  rotor  acts  as  a  free  gyro  dur- 

ing run-down  until  slowed  beyond 
usable  speeds  by  the  viscous  drag  of  the 
hydrostatic  support  gas. 

During  run-down,  two  pressure- 
sensitive  pickoffs  mounted  in  the  gyro 
case,  which,  in  turn,  is  rigidly  fixed  to 
the  missile  airframe,  monitor  position 
of  the  rotor  relative  to  the  missile  about 
any  two  predetermined  orthogonal  axes. 
GPI  is  also  developing  inductive-type 
(E-bridge)  pickoffs  for  use  with  Hydro- 

gyro where  additional  accuracy  require- ments are  imposed. 
The  pressure  devices  now  included  in 

the  design  are  a  piezoresistive-type  con- 
sisting of  two  pairs  of  elements  located 

90°  apart.  The  elements  of  each  pair. 
1 80°  apart,  are  connected  in  phase  oppo- 

sition and  define  an  axis  of  the  gyro.  Es- 
sentially, the  pickoffs  monitor  pressure 
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between  the  support  pad  and  the  exhaust 
ports,  translating  pressure  fluctuations 
into  attitude  variations.  They  require 
no  slip  rings,  do  not  touch  the  rotor, 
and  can  be  easily  interchanged  in  the 
field. 

•  Low  drift  rates — In  tests  to  deter- 
mine gyro  drift  rates  using  a  2-in.  dia. 

brass  rotor  and  100  psi  support  pres- 
sure, the  unit  reportedly  exhibited  av- 
erage rates  under  10  deg./hr.  (0.167 

deg./min.)  during  the  first  minute  of 
operation.  The  tests  were  performed 
with  the  spin  reference  axis  horizontal 
in  order  to  subject  the  unit  to  maximum 
turbine  torque  and  mass  unbalance 
effects. 

In  run-down  time  tests  (see  curve) 
conducted  with  the  brass  rotor  at  100 
psi,  the  25,000  rpm  half-speed  was 
reached  in  40  sec,  and  10,000  rpm,  the 
area  in  which  drift  reportedly  becomes 
significant,  at  about  80  sees.  Run-down 
time,  says  Parker,  which  is  a  function 
of  the  viscous  drag  in  the  gap  between 
the  rotor  and  the  case,  can  be  altered 
to  meet  various  mission  requirements. 

In  its  current  design,  Hydrogyro  is 
fabricated  with  a  0.001 -in.  gap,  which, 
in  an  operational  configuration  at  100 
psi  with  an  aluminum  rotor  in  lieu  of 
brass,  can  reportedly  support  loads  in 
excess  of  100  g's.  By  raising  the  support 
pressure  to  200  psi,  Parker  estimates 
loads  of  300  g's  can  be  handled.  Though 
use  of  an  aluminum  ball  would  nor- 

mally decrease  run-down  time,  Parker 
points  out  that  widening  the  gap  some- 

what (requiring  higher  gas  flow)  will 
compensate  for  the  lighter  rotor  mass 
and  thereby  extend  the  run-down  life. 

In  development  at  GPI  for  two 
years,  Parker  reports  that  an  operational 
unit  fabricated  of  aluminum,  including 
the  rotor,  would  weigh  less  than  2  lbs., 
have  a  cylindrical  shape  3 -in.  dia.  and 
?-in.  long,  and  cost  less  than  $100  in 
quantity. 

He  also  feels  strongly  that  the  prin- 
ciples included  in  Hydrogyro  design 

will  be  the  next  area  of  growth  for 
short-range  missile  applications. 

•  Mechanical  advantage  —  GPI's enthusiasm  for  the  new  gyro  stems 
mostly  from  the  advantages  gained  by 
the  removal  of  the  ball  bearing  and 
mechanical  gimballing  requirements. 
Commenting  on  the  ability  to  withstand 
300  g's  in  operation,  Parker  asserts 
"ball  bearings  would  be  hard  pressed 
to  withstand  one-tenth  that  figure."  i 

He  also  contrasts  the  mass  stability 
of  the  gas-bearing  gyro  and  the  lack  ; 
of  induced  vibration  with  the  character- 

istic noise  and  vibration  generations  of 
ball  bearings.  "This  noise  is  character- 

istically greater  for  the  cheaper  bear- 

CURVE  shows  gyro's  rundown  perform- 
ance in  laboratory  tests  with  prototype  unit. 
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FLOW  DIAGRAM  shows  hydrogyro  ducting  net- 
work. Using  an  aluminum  rotor  and  supporting 

pressures  of  200  psi.,  the  gryo  can  reportedly  with- 
stand 300-g  loading  conditions  while  in  operation. 

ings  and  often  leads  to  anisoelastic 
drifts,"  he  says.  Parker  also  cites  the 
economies  of  the  single  gas  bearing  as 
opposed  to  the  ball  bearing  counterparts 
and  the  lubricant  deterioration  prob- 

lems in  a  radiation  environment.  "The 
gas  for  the  hydrostatic  bearing  is  im- 

pervious to  radiation." In  discussing  the  elimination  of 
gimbals,  Parker  sees  definite  cost,  as- 

sembly, performance  and  reliability  ad- vantages. 

"The  use  of  gimbals  for  gyros,"  he 
asserts,  "requires  that  the  spring  rates 
along  the  orthogonal  axis  be  matched 
for  minimum  drift  due  to  g2  rectifica- 

tion effects.  Spring  rate  mismatch 
(anisoelasticity)  is  often  the  most  criti- 

cal item  in  high-g-performance  gyros. 
One  way  to  achieve  low  anisoelastic 
drift  is  to  preload  the  gimbal  bearing 
pairs  to  a  close  tolerance  level,  another 
quite  costly  operation. 

"The  Hydrogyro  does  not  have  gim- 
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bal  rings  and  therefore  is  not  subject  to 
the  associated  induced  g  and  g2  drifts. 
The  gyro  rotor  alone  must  be  balanced, 
particularly  along  the  spin  axis.  Once 
this  is  achieved,  the  performance  due 
to  g  effects  is  established.  As  for  g2 
effects,  the  anisoelasticity  term  is  traded 
in  for  a  term  called  anisoviscosity.  This 
effect,  similar  to  anisoelasticity,  is  a 
non-adjustable  phenomenon,  strictly  a 
function  of  the  gas  bearing  design 
parameters.  However,  anisoviscosity  is 
generally  of  the  order  of  one  hundredth 
the  anisoelastic  term,  and  as  such  is 

negligibly  small." 
Another  benefit  Parker  says  accrues 

from  the  use  of  the  gas-bearing  gyro 
is  the  extremely  low  cross-coupling  co- 

efficient—8  x  10"6  deg./hr.  deg./hr.  The 
Hydrogyro  design,  he  reports,  elimi- 

nates the  need  for  a  Scorsby  test,  a  com- 
monly used  measure  of  the  frictional 

coercion  between  the  gimbals  and  the 
resultant  uncertainty  torques. 

The  major  problems  in  hydrostatic 
gas-bearing  gyros  are,  according  to  Par- 

ker, the  turbine  torquing  effects,  primar- 
ily caused  by  unequal  flow  distribution. 

The  flow  conditions  are  a  result  of  the 

geometry,  fabrication  and  local  imper- fections of  machining  and  assembly. 

A  proprietary  technique  for  com- pensating the  turbine  torquing  has  been 
reportedly  developed  by  GPI,  compati- 

ble with  the  design  philosophy  of  the 
gas  bearing.  This  technique  enables  the 
turbine  torquing  direction  to  be  altered 
from  plus  to  minus  with  continuous 
control.  The  torque  can  be  readily  ad- 

justed to  yield  low  precessions  due  to turbine  effects. 
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space  electronics 

New  Emphasis  on  Pattern  Recognition 

Los  Angeles — The  relatively  neg- 
lected field  of  pattern  recognition  re- 

ceived new  emphasis  with  possible 
application  in  space  electronics  at  the 
recent  WESCON  meeting  here. 

Discussing  basic  design  concepts 
and  construction  techniques  used  in 
development  of  an  advanced  self-organ- 

izing image  filter  for  pattern  recog- 
nition, S.  S.  Viglione,  head  of  the  Elec- 
tronics Laboratory  at  Douglas  Aircraft's 

Astropower  Inc.,  subsidiary,  said  the  de- 
cision filter  concept  can  be  used  to 

distinguish  between  live  warheads  and 
decoys,  for  accurate  starfield  guidance 
during  space  flights,  and  in  sonar  anal- 

ysis to  separate  submarine  echoes  from 
those  of  other  sources. 

More  sophisticated  filters  could  be 
placed  in  Tiros  and  other  weather  satel- 

lites to  monitor  TV  camera  images  and 
pinpoint  storm  centers  as  they  develop, 
he  added.  The  satellite  would  immedi- 

ately transmit  this  information  from  the 
"space  editor"  to  observers  on  Earth. 
It  would  eliminate  the  time-consuming 
effort  of  hand-screening  thousands  of 
weather  satellite  photos  for  storm  fronts 
and  then  establishing  the  storm  location. 

The  filter  can  automatically  recog- 
nize and  classify  three-dimensional 

objects  regardless  of  their  size  and 
orientation  with  respect  to  the  viewing 
mechanism.  Design  principles  were  de- 

scribed as  directly  applicable  to  an  even 
wider  variety  of  problems  in  the  broad 
areas  of  communications  and  data  pro- 
cessing. 

The  prototype  device,  housed  in  a  3- 
ft.-long  case,  consists  of  a  retina,  a 
parallel-logic  distributed  memory  sys- 

tem, response  units  and  a  conventional 
digital  readout  network.  In  the  proto- 

type, the  retina  contains  400  photocells 
and  the  memory  consists  of  over  400 
logic  units. 

Viglione  said  a  conservative  estimate 
is  that  a  filter  can  identify  200,000  sep- 

arate patterns  in  terms  of  size,  orienta- 
tion, and  position,  using  the  four  basic 

shapes  —  cube,  ellipsoid,  sphere  and 
pyramid. 

The  reliability  approach  of  Von 
Neumann  and  Shannon  has  been  incor- 

porated in  the  design  to  permit  appli- 
cation of  "crummy"  elements.  A  natural 

selection  process  of  eliminating  elements 
of  marginal  utility  keeps  redundancy 

within  reasonable  bounds.  Full  advan- 
tage has  been  taken  of  the  self-organi- 

zation process  to  minimize  the  engineer- 
ing design  task  involved. 
•  Discrimination  of  printing  —  A 

recognition  and  classification  scheme 
sensitive  to  common  writing  variations 
in  hand-printed  alpha-numeric  charac- 

ters was  described  by  Seymour  Spiler- 
man  of  IBM's  Data  Systems  Div. 
Although  Spilerman  did  not  spell  out 
specific  applications  of  the  system  other 
than  as  a  computer  input,  the  system 
appears  to  have  some  application  as  a 
backup  system  for  computer  input  in 
a  space  vehicle.  Instrument  readings 
could  be  picked  up  by  a  scanning  device 

Energy  Conversion Buildup 

Los  Angeles — Major  new  busi- 
ness for  the  electronics  industry 

should  result  from  new  techniques 
involving  direct  conversion  of  energy 
from  light  and  heat,  Dr.  Elmer  W. 
Engstrom,  RCA  president,  told 
WESCON.  He  said  advent  of  these 
techniques  should  be  ranked  on  a 
level  with  development  of  the  elec- 

tron tube  and  the  semiconductor. 
Dr.  Engstrom  estimated  R&D 

activity  in  energy  conversion  will  ap- 
proach the  $100  million  mark  this 

year. 
"This  is  in  contrast  to  virtually 

nothing  five  years  ago,"  he  said,  add- 
ing that  "there  is  every  reason  to 

believe  the  industry  can  equal  in  the 
next  10  years  the  technical  and  busi- 

ness growth  record  of  the  past  half 

century." Annual  achievement  award  pre- 
sented by  the  western  region  of 

the  Institute  of  Radio  Engineers  at 
WESCON  went  this  year  to  Dr. 
Hewitt  D.  Crane,  senior  research 
engineer,  Stanford  Research  Insti- 

tute, for  his  work  as  originator  of 
the  so-called  MAD  (multi-aperture 
devices)  in  design  of  computer 
memories  and  logic  systems  and  as 
inventor  of  the  neuristor,  a  new  kind 
of  logic  element. 

and  fed  to  a  computer  in  the  event  that 
a  direct  sensor  output  failed.  The  sys- 

tem could  also  be  used  to  feed  a  com- 
puter with  instructions  written  by  a  crew 

member. 
Classification  is  based  upon  invari- 

ances  in  angular  change  along  certain 
segments  of  a  line  pattern.  System  out- 

put is  a  sequence  of  one-dimensional 
pattern.  The  most  detailed  statement 
contains  a  record  of  the  slope  along 
selected  segments  of  the  line  pattern. 
The  most  condensed  statement  is  the 
quantitized  angular  description  of  the 

pattern. 
The  condensed  pattern  is  compared 

with  a  list  in  a  computer  memory  to 
determine  an  initial  classification  suffi- 

cient to  identify  about  one-third  of  the 
alpha-numeric  characters.  The  remain- 

ing characters  are  divided  into  sub- 
classes containing  from  two  to  six  mem- 

bers. Within  a  sub-class,  a  particular 
member  is  distinguished  either  by  the 
more  detailed  pattern  statements  or  by 
additional  testing. 

This  pattern  recognition  system 
could  easily  be  adapted  for  use  with  a 
programable  optical  scanner.  The  trace 
would  be  performed  by  the  scanner  on 
the  actual  pattern  with  a  computer  di- 

recting the  trace  and  storing  the  slope  of 
each  vector  for  later  identification  and 
utilization. 

Other  systems  discussed  included 
application  of  integral  geometry  to  ma- 

chine recognition  of  visual  patterns 
(described  by  G.  H.  Ball,  ITT  Federal 
Laboratories),  and  a  machine  concept 
which  uses  time-domain  signal  propaga- 

tion to  and  from  memory  to  obtain  a 
primitive  association  mechanism  (de- 

scribed by  Harry  Blum,  Air  Force  Cam- 
bridge Research  Laboratories). 

•  Target  discrimination — Much  of 
the  emphasis  recently  placed  upon  pat- 

tern recognition  systems  stems  from  the 

promise  they  show  in  warhead  identi- 
fication and  ASW.  Some  scientists  main- 

tain that  an  advanced  system  can  dis- 
criminate with  high  reliability  as  to 

whether  an  incoming  warhead  is  solid 
or  hollow — indicating,  to  some  degree, 
a  live  warhead  or  a  decoy.  In  ASW 

areas,  pattern  recognition  and  logic  sys- 
tems are  already  playing  a  major  role — with  such  success  that  very  few  people 

are  now  willing  to  talk  about  them.  8 
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Report  on  Mariner  II 

(Continued  from  page  16) 

Mariner  is  carrying  a  microwave 
radiometer  and  an  infrared  radiometer 

to  gather  information  about  the  planet's temperature  and  atmosphere.  The  other 
experiments,  which  began  working  Aug. 
29,  include  a  magnetometer  to  measure 
its  magnetic  field,  a  charged  particle  de- 

tector, a  cosmic  dust  detector  and  a 
solar  plasma  detector. 

•  Microwave  radiometer — This  ex- 
periment should  help  to  resolve  two 

vital  questions  about  Venus:  what  is  the 
atmosphere  like,  and  what  is  the  tem- 

perature of  the  surface? 
As  the  Mariner  flies  past  Venus,  the 

microwave  radiometer  will  scan  its  sur- 
face to  detect  electromagnetic  radiation 

at  two  wave  lengths,  13.5  and  19  milli- 
meters. In  the  electromagnetic  spectrum 

12.5  mm  is  the  location  of  a  microwave 
water  absorption  band.  If  there  is  water 
vapor  above  certain  minimal  concen- 

tration in  the  atmosphere,  it  will  be 
possible  to  detect  it. 

The  19mm  wave  length,  however,  is 
not  affected  by  water  vapor,  and  should 
be  capable  of  "seeing"  through  the  at- 

mosphere to  the  surface. 
Scientists  studying  the  results  of  this 

experiment  will  be  able  to  determine 
whether  water  vapor  exists  in  the  Ve- 
nusian  atmosphere  by  noting  the  differ- 

ence in  temperatures  obtained  from 
measurements  at  the  two  wave  lengths. 

The  microwave  radiometer  weighs 
23.8  lbs.  and  consumes  3.5  watts  of 
power. 

•  Infrared  radiometer — This  is  a 
companion  experiment  to  the  micro- 

wave radiometer.  As  the  Mariner  flies 
past  Venus,  simultaneous  measurements 
from  the  two  experiments  will  enable 
scientists  to  get  a  better  idea  of  the  tem- 

perature and  atmospheric  conditions  of 
the  planet. 

The  infrared  experiment  operates 
in  the  8  to  9  and  the  10  to  10.8  micron 
wave  length  regions  of  the  electromag- 

netic spectrum. 
Measurements  from  Earth  in  these 

two  wave  lengths  indicate  temperatures 
below  zero. 

The  close  approach  of  Mariner  to 
Venus  may  enable  scientists  to  measure 
some  of  the  finer  details  of  the  atmos- 

phere. This  will  primarily  involve  find- 
ing out  if  there  are  any  "breaks"  in  the cloud  cover  of  Venus,  and  if  so,  the 

amount  of  heat  that  escapes  through 
them  into  space.  For  many  years  some 
astronomers  have  occasionally  been 
able  to  see  some  kind  of  markings  on 
Venus's  cloud  cover  that  change  with  no 
apparent  regularity.  The  lack  of  regu- 

larity in  these  markings  has  left  their 
nature  in  doubt. 
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NASA  chart  shows 

plan  for  Mariner  It's 180-million-mile  trip 

past  Venus. 

•  Magnetometer — This  experiment 
is  designed  to  measure  the  strength  and 
direction  of  interplanetary  and  Venusian 
magnetic  fields. 

Many  scientists  believe  that  the  mag- 
netic field  of  a  planet  is  due  to  a  fluid 

motion  in  its  interior.  If  such  a  Venusian 
field  exists,  it  could  be  detected  as 
Mariner  approached  the  planet.  This 
would  depend,  of  course,  on  the  strength 
of  the  field  and  the  distance  of  Mariner 
at  encounter.  Also,  the  trajectory  of 
Mariner  will  permit  the  measurement  of 
interplanetary  magnetic  fields  and  any 
variation  with  respect  to  time  and  dis- 

tance from  the  Sun. 
Mariner's  measurement  of  interplan- 

etary magnetic  fields  will  be  combined 
with  simultaneous  measurement  from 
Earth  to  help  scientists  understand  some- 

thing about  the  interrelationships  of 
these  fields. 

Moreover,  by  investigating  the  mag- 

nitude of  any  Venusian  field  it  may  be 
possible  to  draw  some  conclusion  about 
the  interior  of  the  planet,  as  well  as 
about  planetary  radiation  belts,  mag- 

netic storms,  and  aurorae. 
The  magnetometer  is  a  three-axis 

fluxgate  type.  It  weighs  4.7  lbs.  and 
comsumes  six  watts  of  power. 

•  High-energy  radiation  experiment 
— This  consists  of  an  ionization  cham- 

ber and  a  group  of  three  Geiger-Mueller 
tubes.  Together  they  will  measure  the 
number  and  intensity  of  energetic  par- 

ticles in  interplanetary  space  and  near Venus. 

These  particles  are  primarily  cosmic 
rays,  which  are  made  up  of  protons 
(the  nuclei  of  hydrogen  atoms),  alpha 
particles  (the  nuclei  of  helium  atoms), 
the  nuclei  of  heavier  atoms,  and  elec- 
trons. 

(For  a  detailed  report  on  the  Mariner 
spacecraft,  see  M/R,  July  23,  p.  32.) 

=0H  MODULE  SEPARATION. SPIN-UP.  AND  STABILIZATION. 
2  CLUSTERS  LOCATED  LATERAL TO  MAIN  CABLE  FN  SPIN  PLANE 

Spinning  Spacecraft  Proposed 

ARTIST'S  DRAWING  illustrates  JPL 
scientist  Eugene  Lally's  concept  of  space- 

craft configuration  to  overcome  effects  of 
prolonged  weightlessness  in  manned  space 
flights.  Lally  advocates  the  spinning  of  a 
spacecraft  to  provide  artificial  gravity.  Dur- 

ing flight,  the  cabin  or  mission  module  in 
which  the  crew  would  ride  is  separated 
from  the  propulsion  module  (larger  ve- 

hicle) by  an  extended  cable.  Small  rockets 

would  then  spin  the  two  elements  around 
a  common  center  to  create  artificial  grav- 

ity. By  adjusting  the  length  of  the  cable, 
the  crew  could  control  various  "comfort 
factors"  of  artificial  gravity.  A  major  dis- 

advantage of  the  concept,  which  would  be 
used  for  flights  to  Venus  and  Mars,  would 
be  the  difficulty  of  performing  naviga- 

tional functions  as  the  entire  craft  rotated. 
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The  Case  Against  Concurrency 

-And  Its  Opposite 

by  Joseph  V.  Charyk 
Under  Secretary  of  the  A  ir  Force 

ONLY  EIGHT  YEARS  AGO  a  serious 
effort  in  ballistic  missile  technology  was 
launched.  From  the  management  side,  a 
new  concept  was  introduced.  The  combi- 

nation of  technical  skills  required  for  this 
undertaking  was  such  that  the  use  of  a 
system  contractor  in  the  classical  sense  was 
deemed  unsuitable  and  the  systems  engi- 

neering contractor  and  associate  contrac- 
tors technical  management  scheme  was 

born. 
Because  of  the  vital  importance  of  the 

program,  time  was  critical.  Streamlined  ap- 
proval channels  were  established;  broad 

authority  was  given  directly  to  the  program 
director;  contractual  actions  were  initiated 
in  the  interests  of  expediting  the  activation 
of  elements  of  the  program,  without  seri- 

ous consideration  to  performance  incen- 
tives or  penalties  for  non-performance  and 

to  the  contractual  provisions  therefor; 
multiple  approaches  were  initiated  on  most 
critical  items;  maximum  concurrency  was 
the  keyword.  The  missiles  in  the  opera- 

tional inventory  today,  and  those  soon  to 
enter  the  inventory  and  capable  of  per- 

formance well  beyond  the  initial  goals,  are 
adequate  testimonials  that  the  race  to  beat 
the  clock  was  won. 

•  "Virus  planted" — In  this  case,  we failed  to  move  out  on  the  ballistic  missile 
program  with  sufficient  vigor  at  an  early 
enough  date.  Faced  with  the  Soviet  missile 
progress,  maximum  speed  in  our  program 
was  of  the  essence.  The  cost,  of  course,  in 
dollars,  was  much  higher  than  it  would 
have  been  for  a  lower-concurrency,  longer- 
paced  program.  In  this  case,  there  is  no 
doubt  in  my  mind  that  there  was  no  other 
choice.  But  therein  was  planted  the  virus 
of  what  I  might  call  the  maximum  concur- 

rency disease,  and  it  does  not  necessarily 
follow  that  the  particular  management  ap- 

proach used  and  the  concept  of  maximum 
concurrency,  are  the  unquestionable  an- 

swers to  system  development  problems. 
Quite  the  contrary.  Unfortunately  we  have 
in  our  military  space  program  at  least  one 
or  two  instances  where  a  similar  philoso- 

phy has  left  us  with  high  expenditures  and 
no  operational  capability.  A  complete  and 
expensive  concurrency  total  system  devel- 

opment plan  for  a  speculative,  and  perhaps 
mystic,  military  operational  requirement  is 
not  the  road  to  national  strength  in  this 
important  field — it  could  well  be  the  road 
to  dissipated  resources,  abortive  programs, 
loss  of  national  prestige  and  most  serious 
of  all,  if  uncontrolled — a  threat  to  national 
survival. 

And  now,  so  that  I  may  be  equally  un- 
popular with  another  school  of  thought, 

let  me  say  a  few  words  against  the  "sequen- 
tialists."  This  is  the  "orderly-minded"  fac- tion that  favors  a  complete  series  approach 
and  a  full  demonstration  of  all  of  the 
elements  of  all  the  subsystems  before  pro- 

ceeding on  a  step-by-step  basis  through  all 
the  other  phases  of  a  program.  In  my  opin- 

ion, this  is  a  sure  road  to  the  guaranteed 
obsolescence  of  the  weapon  systems  which 
may  finally  emerge.  With  the  pace  of  mod- 

ern technology,  and  with  the  criticality  of 
superior  military  capability  to  national 
security,  to  be  second  may  well  be  suicidal. 

•  Combination  needed — The  key  then 
is  a  combination  of  simple,  but  difficult, 
things — a  mature  judgment  as  to  the  areas 
of  critical  importance,  a  willingness  to  take 
calculated  development  risks,  a  solid  de- 

termination and  will  to  terminate  promptly, 
or  reorient  programs  where  new  factors 
have  changed  the  tenets  on  which  the  pro- 

gram was  launched,  an  assertive  and 
prompt  response  to  new  and  challenging 
possibilities,  a  willingness  by  industry  and 
government  to  experiment  with  new  con- 

tracting and  management  methods  with 
premiums  for  performance  and  penalties 
for  malperformance. 

•  Good  example — I  have  spoken  on 
this  theme  before  and  I  am  delighted  that 
now  we  are  beginning  to  get  some  early 
indicators  of  what  can,  in  fact,  be  done. 
An  interesting  case  is  the  Agena-D,  a  pro- 

gram to  seek  a  standard  upper  stage  vehicle 
for  many  of  our  space  programs  in  the 
interests  of  achieving  a  respectable  and 
vital  reliability  figure,  a  feature  which  was 
not  a  noteworthy  characteristic  of  its  early 
versions. 

The  initial  estimate  in  the  early  fall  of 
1961  was  that  the  best  possible  schedule 
would  result  in  an  initial  vehicle  delivery  in 
November  of  1962,  with  initial  launch  in 
January  of  1963.  This  was  on  the  basis  of 
a  high-level  effort,  using  procedures  and 
techniques  similar  to  those  in  effect  for 
most  of  our  programs.  This  was  deemed  to 
be  completely  unsatisfactory  and  a  Special 
Group  was  activated  to  investigate  ways 
and  means  by  which  the  program  could  be 
expedited.  Amazingly  enough,  after  a 
thorough  scrubbing  of  the  program,  a  new 
schedule  was  evolved  calling  for  initial 
vehicle  delivery  in  April  1962  and  initial 
launch  in  June  1962,  a  telescoping  by  about 
a  factor  of  two. 

The  management  and  organizational 
arrangements  called  for  far  fewer  people, 
simple  reporting  procedures,  and  an  incen- 

tive type  contract  based  on  schedules,  per- 
formance and  cost.  Both  of  these  dates 

were  met  and  the  flights  to  date  of  the  new 
vehicles  have  been  successful. 

In  this  case  I  am  confident  that  stream- 
lined procedures,  with  streamlined  manage- 

ment and  attendant  responsibilities,  accom- 
plished with  far  fewer  people,  far  fewer 

dollars  and  far  less  time,  what  could  have 
been  accomplished  under  more  normal 
rules  of  program  development.  In  this  case, 
however,  the  job  was  well  specified  initially 
and  changes  were  not  permitted.  In  an 
advanced  development  activity,  however, 
and  even  assuming  that  the  mistake  of  pre- 

mature system  development  is  not  made, 
complete  definition  "by  definition"  is  im- possible and  different  rules  must  apply. 

•  Far  to  go — I  believe  we  have  made 
much  progress  in  attacking  some  of  the 
basic  problems  to  which  I  have  alluded, 
but  between  industry  and  government  we 
still  have  a  long  way  to  go. 

I  am  greatly  concerned  that  much  of 
our  best  technical  and  management  talent 
is  engaged  in  program  acquisition  rather 
than  program  execution.  Our  contracting 
methods,  and  their  emphasis  on  the  impres- 

sive paper  proposal,  have  encouraged  this 
unfortunate  trend.  Its  reversal  is  not  ac- 

complished overnight  but  I  believe  progress 
is  being  made.  With  the  development  of 
suitable  yardsticks,  and  the  resultant  meas- 

urement of  performance  in  other  programs, 
a  more  quantitative  rating  can  be  given  to 
a  particular  contractor's  record  and  this, in  turn,  used  as  a  major  determinant  in 
selection  on  a  new  program.  The  contrac- 

tor's record  of  retention  of  key  personnel 
on  going  programs,  or  his  early  rejuggling 
to  try  for  new  business  at  the  expense  of 
the  acquired  programs,  provides  an  im- 

portant barometer  as  to  his  sense  of  obli- 
gation and  dedication  to  the  best  fulfillment 

of  his  commitments.  In  cases  where  per- 
formance degrades  seriously,  we  have  in 

the  past,  and  will  apply  more  broadly  and 
stringently  in  the  future,  bars  to  invitations 
to  him  to  compete  for  new  business.  The 
country  needs  results,  not  promises;  it 
needs  fulfillment  of  performance  mile- 

stones, not  the  filling  and  filing  of  massive 
reams  of  proposal  material;  it  needs  the 
competent  manager,  not  the  soothing 
syrup  dispenser  in  Washington.  More  and 
more  do  we  need  the  simple  answer  and 
not  the  ingenious  all-function  mousetrap; 
we  need  the  clever  solution,  not  the  brute 
force  answer;  we  need  the  original  idea,  not 
the  bigger  and  better  version  of  the  old: 
we  need  realism,  not  fantasy;  we  need  the 
identification  of  the  critical  elements,  not 
the  barrage  approach.  Our  ability  to  put 
these  simple  maxims  into  practice  will  be 
a  major  factor  in  determining  our  place 
in  the  military  technology  role;  there  is  no 
prize  for  second  place  but  there  is  a  penalty of  the  highest  type. 

(Condensed  from  speech  on  Aug.  15  at 
the  Seventh  Annual  Symposium  on  Ballistic 
Missile  and  Space  Technology,  Colorado 
Springs,  Colo.) 
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The  Industry  Week 

New  Industry  Facilities 

Minneapolis-Honeywell  Regulator  Co.'s  electro- 
optical  division  is  moving  from  Los  Angeles  to  Boston. 
The  move  is  expected  to  be  completed  in  October.  To 
house  the  unit,  M-H  will  lease  an  added  20,000  sq.  ft. 
in  downtown  Boston  as  well  as  part  of  the  space  now 
devoted  to  its  nine  other  facilities  in  the  area.  M-H 
already  has  a  Boston-and-vicinity  employment  roster 
of  more  than  4000,  with  a  payroll  of  over  $26  million. 
.  .  .  The  Kearfott  Division  of  General  Precision  Aero- 

space will  develop,  fabricate  and  install  a  celestial- 
inertial  test  complex  at  Holloman  Air  Force  Base, 
N.M.,  under  a  recently  awarded  million-dollar-plus  con- 

tract from  the  Air  Force  Missile  Development  Center. 
The  complex  will  give  Holloman  a  standard  test  facility 
for  celestial  inertial  guidance  systems  and  will  aug- 

ment the  existing  inertial  guidance  test  complex.  .  .  . 
Washington  Technological  Associates,  Inc.,  Rockville, 
Md.,  consolidated  production  and  manufacturing  facili- 

ties in  a  new  40,000-sq.-ft.  building  in  Rockville.  The 
new  building  will  double  production  space  for  part  of 

the  company's  activities,  including  expanded  produc- 
tion of  specialized  printed  circuit  boards,  signal  stimu- 

lators and  decommutators  and  general-purpose  data 
processing  equipment.  .  .  .  Raytheon  Service  Co.  and 
Lindgren-Swinerton-California  are  constructing  a  new 
missile  launch  complex  at  the  Point  Arguello,  Calif., 
portion  of  the  Pacific  Missile  Range.  Initial  funding  of 
$206,000  has  been  received  for  work  on  the  new  launch 
facility  under  a  Lockheed  Missiles  &  Space  Co.  con- 

tract. The  joint  venture  between  the  two  companies 
will  involve  installation  and  checkout  of  all  electrical, 
RF  and  aerospace  ground  support  equipment  supplied 
by  Lockheed  to  prepare  the  launch  complex  for  opera- 

tion. .  .  .  The  Electronics  and  Avionics  Division  of 
the  Emerson  Electric  Manufacturing  Co.  has  begun  a 
half-million-dollar  expansion  program  for  production 
and  research  facilities  devoted  to  thermostatic  thermal- 
barrier  materials.  Expansion  was  prompted  by  increas- 

ing use  of  the  company's  heat  blocking  compounds  for 
aerospace  activities.  The  new  facilities  will  be  located 

at  the  company's  main  plant  in  St.  Louis. 

International  News  Briefs 

The  recently  merged  Lear  Siegler.  Inc.,  announced 
that  it  will  move  its  international  operations  from 
Geneva  to  Paris  and  that  it  will  expand  its  overseas 
activities.  The  company  is  now  constructing  a  new 
60,000-sq.-ft.  plant  at  Munich,  Germany.  .  .  .  English 
Electric  Aviation,  a  member  of  the  British  Aircraft 
Corp.,  will  close  down  its  guided  weapons  plant  at 
Luton,  England,  over  the  next  six  months.  More  than 
a  thousand  employees  will  lose  positions  as  a  result 
of  the  closing,  brought  about  by  cancellation  of  the 
Blue  Water  nuclear  ground-to-ground  missile  project. 
After  the  closing,  missile  work  will  be  concentrated  at 

the  Stevenage,  England,  plant.  .  .  .  The  Sperry  Gyro- 
scope Co.,  Ltd.,  says  it  now  contributes  almost  half 

Britain's  total  exports  of  aeronautical  instruments  as 
compared  with  less  than  20%  three  years  ago.  More 
than  30  countries  now  receive  Sperry  Aero  equipment, 
the  company  said. 

News  of  Mergers  and  Acquisitions 

Martin  Marietta  Corp.  has  announced  the  sale  of 
its  adhesives  and  resins  division  to  two  other  firms. 
Sale  price  is  reportedly  more  than  $7  million,  and 
the  transaction  will  be  made  final  early  in  October. 
The  company  described  the  sale  as  being  consistent 
with  its  present  policy  of  shedding  parts  of  its  opera- 

tion that  are  not  directly  related  to  its  major  activities. 
The  division  being  sold  has  headquarters  and  research 
units  in  Seattle,  Wash.,  and  other  facilities  in  Portland, 
Ore.,  Richmond,  Calif.,  and  Newark,  Ohio,  as  well  as 
in  Canada.  .  .  .  Electronic  and  Missile  Facilities,  Inc., 
contractors,  have  bought  80%  of  Hegeman-H arris  Co., 
Inc.,  a  New  York  construction  firm.  The  purchased 
firm  will  become  a  subsidiary  of  the  buyer.  .  .  .  Sierra- 
Schroeder  Controls,  Glendale,  Calif.,  and  its  entire 
work-in-progress  inventory  have  been  bought  for  ap- 

proximately 3350,000  by  the  Cal-Val  Research  and 
Development  Corp.,  Woodland  Hills,  Calif.  Sierra- 
Schroeder  will  retain  its  present  management  as  a  sub- 

sidiary of  the  purchasing  firm,  and  all  its  equipment 
and  accessories  will  be  acquired  through  a  lease- 
purchase  arrangement. 

New  Names  in  the  Industry 

Taylor  Fibre  Corporation  has  changed  its  name 
to  Taylor  Corporation  to  reflect  the  diversification  of 
the  firm's  product  line.  In  addition  to  vulcanized  fibre, 
the  company's  products  include  laminated  and  high- 
temperature  reinforced  plastics,  filament-wound  struc- 

tures, and  die  stamped  circuits  (made  by  Dytronics, 
Inc.,  a  subsidiary) ....  Texas  Instruments,  Inc.,  Dal- 

las, consolidated  its  components  and  transistor  products 
divisions  under  a  single  name:  Semiconductor/Com- 

ponents Division.  The  firm  feels  that  combining  the 
divisions  will  enable  it  to  better  realize  the  potentials 
of  its  products  in  present  and  future  markets. 

Value  Engineering  Savings 

Litton  Systems  reports  savings  of  more  than  $1 
million  as  a  direct  result  of  value  engineering  seminars 
held  recently.  One  seminar  team  reduced  the  number 
of  parts  on  a  flange  from  eight  to  one  before  releasing 
it  to  production.  .  .  .  The  Value  Engineering  Division 
of  Lockheed-California  Co.  at  Burbank  has  waged  a 
cost  prevention  campaign  that  it  says  has  paid  off  in 
savings  of  over  $8  million  so  far  this  year. 
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contracts  and  procurements 

AWARDS 

AIR  FORCE 

$23,700,000 — General  Dynamics  Corp.,  Astronau- tics Div.,  San  Diego,  Calif.,  for  installation  and checkout  of  Alias  missiles. 

$14,250,000— Thiokol  Chemical  Corp.,  Wasatch 
Dlv„  Brigham  City,  Utah,  for  production  of the  first-stage  Minuteman  motor. 

$14,000,000— Radio  Corp.  of  America,  New  York 
City,  for  operation  and  maintenance  of  the 
Ballistic  Missile  Early  Warning  System  at 
Thule,  Greenland;  Clear,  Alaska;  and  Riverton, 
N.J. 

$9,210,843— General  Electric  Co.,  New  York  City, 
for  systems  management  and  integration  for 
work  during  1962  on  an  air  weapons  control 
system  (supplemental  contract).  Work  to  be 
done  at  Syracuse,  N.Y. 

$4,600,000 — Douglas  Aircraft  Co.,  Santa  Monica, 
Calif.,  for  production  of  long-lead-time  items 
and  ground  support  equipment  for  Skybolt 
missiles  (supplemental  contract). 

$4,160,000— North  American  Ablation  Corp., 
Downey,  Calif.,  for  research  and  development 
on  Minuteman  missile  and  guidance  control. 

$3,600,000 — Lockheed  Aircraft  Corp.,  Sunnyvale, 
Calif.,  for  continued  work  on  space  vehicles 
(supplemental  contract). 

$2,600,000 — Lockheed  Aircraft  Corp.,  Burbank, 
Calif.,  for  work  on  Agena  space  vehicles  for 
use  by  NASA.  Work  to  be  done  at  Sunnyvale, Calif. 

$2,045,000 — General  Electric  Co.,  Syracuse,  N.Y., 
for  continued  work  on  a  classified  communica- 

tions project. 

$2,000,000 — Sylvania  Electric  Products,  Inc.,  Moun- 
tain View,  Calif.,  for  research,  development 

and  production  of  security  equipment  for Minuteman  missile  bases. 

$1,600,000 — Genera]  Precision,  Inc.,  for  continued 
work  on  the  guidance  system  of  the  Mobile 
Mid-Range  Ballistic  Missile.  Work  to  be  done at  Little  Falls,  N.J. 

$1,080,000 — North  American  Aviation,  Inc., 
Downey,  Calif.,  for  work  on  the  GAM-77 Hound  Dog  missile  program  (supplemental 
contract). 

$500,000 — Lear   Siegler,    Inc.,    Instrument  Div., Grand  Rapids,  Mich.,  for  analysis,  design  and 
testing  of  a  control-display  system  for  advanced 
manned  air  and  space  vehicles. 

ARMY 

$1,285,182— U.S.  Steel  Corp.,  Consolidated  West- ern Steel  Div.,  Los  Angeles,  for  538  shells  for 
nozzle  assemblies  on  the  Little  John  rocket. 
Work  to  be  done  at  Baywood,  Calif. 

Rocket  Research  Corp.,  Seattle,  for  design  of  a 
new  internal  combustion  engine  accessory  that 
would  be  driven  by  rocket  propellants  (undis- closed amount). 

NAVY 

$41,000,000 — North  American  Aviation,  Inc.,  Au- 
tonetics  Div.,  Downey,  Calif.,  for  39  MK-11 
Mod  2  ships  inertial  navigation  systems  for 
Polaris  submarines. 

NASA 

$630,000 — Ryan  Aeronautical  Co.,  San  Diego, 
Calif.,  for  explosive  forming  of  aluminum  seg- ments for  fuel  compartment  bulkheads  in  the 
Saturn  C-5  rocket. 

INDUSTRY 
$1,000,000— Cessna  Aircraft  Co.,  Wichita,  Kan., 

from  the  Boeing  Co.,  for  additional  Minuteman 
missile  transporter-erector  units. 

$850,000 — Moog  Servocontrols,  Inc.,  East  Aurora, 
N.Y.,  from  Douglas  Aircraft  Co.,  for  steering 
controls  to  be  used  on  the  S-IV  stage  of  the Saturn  rocket. 

$481,464 — Electronic  Systems  Div.,  of  Antenna 
Systems,  Inc.,  Maitland,  Fla.,  from  Selenia 
SPA,  Rome,  Italy,  for  tracking  antennas  and 
control  systems. 

$400,000 — Radiation,  Inc.,  Orlando,  Fla.,  from  AC 
Spark  Plug,  for  additional  airborne  pulse  code 
modulation  (PCM)  telemetry  systems  for  the 
Titan  program. 

$206,000— Raytheon  Service  Co.  and  Lindgren- Swinerton-Callfornla,  from  Lockheed  Missiles 
and  Space  Co.,  for  work  on  a  new  missile 
launch  complex  at  Point  Arguello,  Calif. 

$130,000 — Minneapolis-Honeywell  Regulator  Co., 
Minneapolis,  from  the  Boeing  Co.,  for  high- temperature  thermocouple  wire  to  be  used  for 
temperature  measurements  aboard  the  X-20 (Dyna-Soar)  spaceship. 

$127,000 — Cosmodyne  Corp.,  Hawthorne,  Calif., 
from  Boeing  Co.,  for  controls  to  maintain  con- 

stant pressures  in  the  environmental  oxygen 
tanks  on  the  X-20  (Dyna-Soar)  spaceship. 

$76.000 — Melpar,  Inc.,  Western  Engineering  Lab- 
oratories, Northridge,  Calif.,  from  North  Amer- 

ican Aviation,  Inc.,  for  development  of  a  port- able computer  for  use  in  detecting  and  locating 
point  of  impact  of  weapons  or  missiles. 

Melpar,  Inc.,  Falls  Church,  Va.,  from  North  Amer- ican Aviation's  Space  and  Information  Systems 
Div.,  for  research  and  development  of  a  beacon 
antenna  system  for  NASA's  Apollo  spacecraft (undisclosed  amount). 

Lear  Siegler,  Inc.'s  Instrument  Div.,  Grand  Rap- 
ids, Mich.,  from  McDonnell  Aircraft  Corp., 

for  design  and  production  of  a  new  simplified 
flight  attitude  instrument  for  use  aboard  the 
two-man  Gemini  orbiting  space  vehicle  (undis- closed amount). 

Swedlow,  Inc.,  Los  Angeles,  from  Hercules  Powder 
Co.,  Inc.,  for  production  of  high-temperature 
insulative  materials  for  advanced  missile  ap- 

plications (undisclosed  amount). 

REQUESTS  FOR  BIDS 

GENERAL  PROCUREMENTS 
U.S.  Navy  Dept. 
Bureau  of  Ships 
Washington  25,  D.C. 
The  Bureau  of  Ships  under  RFP  687B-28846(S) 

is  soliciting  a  proposal  from  Communications 
Electronics,  Inc.,  Bethesda,  Md.,  and  Westrex 
Corp.,  Div.  of  Litton  Systems,  New  York  19,  N.Y., 
for  the  manufacture  of  special  control  units  for  a 
classified  system.  Both  of  these  firms  have  had 
experience  with  the  system.  Such  experience  is 
essential  in  order  to  furnish  the  control  units  by 
the  required  dates.  It  is  suggested  that  small 
business  firms  or  others  interested  in  subcontract- 

ing opportunities  in  connection  with  this  procure- ment make  direct  contact  with  the  above  firms. 

Bureau  of  Naval  Weapons 
Washington,  D.C. 
The  Bureau  of  Naval  Weapons  contemplates 

entering  competitive  negotiations  with  the  firms 
listed  below  to  furnish  Sidewinder  I A  guidance 
and  control  sections:  (1)  General  Electric  Co., 
French  Road,  Utica,  N.Y.  (2)  Philco  Corp..  4700 
Wissahickon  Ave.,  Philadelphia,  Pa.  An  industrial 
security  clearance  may  be  required.  RFP  is  not 
available.  This  notice  is  made  solely  to  inform 
potential  subcontractors  of  the  proposed  procure- ment. Small  business  firms  and  others  interested  in 

subcontracting  should  contact  the  above  firms 
direct  referencing  CN7860-62.  BuWeps  Synopsis 
No.  39-63. 

Contracting  Officer 
National  Aeronautics  and  Space  Administration 
Langley  Station 
Hampton,  Va. 
Requests  for  IFB  and  RFP  should  be  sent 

within  10  days  after  publication  of  this  synopsis. 
Copies  will  be  furnished  to  the  extent  available on  a  first  received  first  served  basis.  Fabrication, 
assembly  and  testing  of  micro-meteoroid  satellite 5-55  series.  This  procurement  will  require  the 
services  of  7  professional  engineers  and  25  tech- nicians of  a  highly  specialized  nature  to  perform 
fabrication,  assembly,  installation  and  testing  of 
micrometeoroid  satellite  S-55D  series.  Contractor's employees  will  perform  work  under  the  direct 
supervision  of  the  government,  using  government- 
owned  equipment  and  facilities  at  Langley  Re- 

search Center.  Hampton,  Va.  A  time  and  ma- terials type  of  contract  is  contemplated  for  this 
procurement.  Contract  period  will  be  16  months 
for  3  engineers  and  4  technicians  and  12  months 
for  4  engineers  and  21  technicians.  Phone  requests 
should  be  directed  to  Hampton,  Va.,  Phone  622- 
7961,  Ext.  4881— RFP  L-2586— RFP  Due  Date 9-13-62. 

Contracting  Officer 
National  Aeronautics  and  Space  Administration 
Langley  Station Hampton,  Va. 
Services  and  materials  necessary  to  design, 

construct  and  calibrate  30  heat  flow  transducers  to 
meet  the  performance  requirements  of  NASA  Spec. 
No.  L-2636  and  complete  delivery  shall  be  ac- 

complished within  5  months  after  award  of  con- tract. Proopsals  are  requested  on  a  negotiated  fixed 
price  basis.  The  proposals  will  be  evaluated  on the  basis  of  3  major  factors  stated  in  the  request 
for  proposal— Job— IFB  L-2636— RFP  Due  Date 9-24-62. 

Aeronautical  Systems  Div. 
Wright-Patterson  AFB,  Ohio 
Investigate  thermoelectric  materials  and  analyze 

trade-offs  for  long  time  utilization  in  structural 
heat  protection  systems  applicable  to  hypervelocity 
flight  vehicles.  To  design,  construct  and  evaluate 
demonstration  models  incorporating  materials  ex- 

hibiting the  most  optimum  characteristics  in  the 
temperature  range  of  2000  degrees  F  to  3000 
degrees  F— RFP  33-657  63-5084— Attn.  ASKPDC Phone:  Clearwater  3-6111,  Ext.  35156  or  40233. 
RFP  must  be  requested  by  9-5-62. 

National  Aeronautics  and  Space  Administration 
Goddard  Space  Flight  Center 
Greenbelt,  Md. 
FM-FM  Telemetering  ground  support  equip- 

ment—RFP  26737— RFP  due  date  9-14-62.  Design 
and  manufacture  of  22,  five-kilowatt  AM  satel- lite interrogation  transmitters.  For  the  design  and 
manufacture  of  five-kilowatt  AM  satellite  interro- 

gation transmitters— RFP  26055— RFP  due  date 10-5-62. 

General  Support  Div. Directorate  of  Procurement  &  Production 
U.S.  Army  Missile  Command Redstone  Arsenal,  Ala. 
Continued  research  and  development  effort  on 

Redeye  missile  system.  Work  will  be  performed 
at  General  Dynamics/Pomona,  Calif,  during  the 
period  10-15-62  through  9-30-63.  Non-availability of  drawings  and  specifications,  duplication  of initial  investment  in  special  tooling  and  facilities, 
and  the  requirement  for  technical  know-how  pre- cludes award  to  other  than  the  above  contractor. 
All  inquiries  relative  to  subcontracting  should  be referred  to  General  Dynamics/Pomona,  Calif. 
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products  and  processes- 

New  Product  of  the  Week: 

Space  Simulation  Chamber 

A  SPACE  simulation  chamber  capa- 
ble of  reaching  pressures  even  lower 

than  those  experienced  in  interplanetary 
space  is  available  from  National  Re- 

search Corp. 
The  NRC  Extreme  High  Vacuum 

(XHV)  chamber  has  reached  pressures 
as  low  as  1(H5  torr.  The  lower  limits 
of  the  NRC  chamber's  operating  range are  not  known.  There  are  no  instruments 
yet  capable  of  measuring  lower  than 
10-15  torr. 

The  entire  system  is  7  ft.  long  and 
3  ft.  wide.  The  working  region  is  about 
half  this  size.  The  design  principle  of 

the  system  can  be  used  for  the  construc- 
tion of  larger  facilities  operating  in  this 

pressure  range.  The  chamber  is  equipped 
for  cryogenic  cooling  using  gaseous 
helium  (— 442°F)  and  liquid  nitrogen 
(-322T). 

The  pumping  system  uses  NRC 
oil  diffusion  pumps  with  cold  caps 
and  liquid  nitrogen-cooled  baffles  which 
eliminate  backstreaming.  Additional 
pumping  capacity  is  provided  by  the 
cryogenic  temperatures  of  surfaces  that 
make  it  possible  to  condense  gases  given 
off  by  materials  and  devices  being tested. 

Circle  No.  225  on  Subscriber  Service  Card 

Compact  Sideband  Filter 

A  small  upper  sideband  filter  for 
stringent  communications  requirements 
has  been  developed  by  Systems  Inc.  De- 

signed for  applications  in  single-side- 
band military  communications  equip- 
ment, the  Model  USB  1750-3.2  has  a 

center  frequency  of  1.75  mc  and  a 
bandwidth  of  3.2  kc,  with  a  minimum 
of  30  db  carrier  rejection  and  greater 
than  60  db  stopband  rejection. 

Circle  No.  226  on  Subscriber  Service  Card 

Radiometer-Strip  Recorder 
Williamson  Development  Co.,  Inc., 

is  marketing  a  combination  of  portable 
18-lb.  5-in.  strip  chart  recorder  and 
industrial  radiometer  (low-temperature 
radiation   pyrometer),   which  permits 

rapid  set-up  and  change  of  location,  and 
records  surface  temperatures  without contact. 

The  transistorized  instrument  uses 
the  null  balance  principle  for  maximum 
stability,  accuracy,  and  freedom  from 
ambient  temperature  effects.  Operational 
temperature  ranges  from  100°F  to 
1200°F. Circle  No.  227  on  Subscriber  Service  Card 

Multi-Channel  Data  Systems 

The  Dacord  line  of  multi-channel, 
magnetic  tape  recording  systems,  devel- 

oped by  Electro-Medi-Dyne,  Inc.,  offers 
2  to  16  channel  systems  featuring  an 
integral  monitoring  scope  for  each channel. 

The  systems  are  available  in  either 
fixed  or  variable  bandwidths  ranging 
from  DC  to  4KC  and  tape  speeds  of 
3%,  71/2,  and  15  ips. 

Dacord's  integral  monitoring  scope 
for  each  channel  permits  selectable 
monitoring  of  signals  and  adjustment 
of  input  signal  without  running  the  tape. 
The  scope  also  features  calibrated  sweep 
speeds  from  100  microseconds  to  10 seconds. 

Circle  No.  226  on  Subscriber  Service  Card 

Pushbutton  Switches 

Round  display  assemblies  for  Series 
2  lighted  pushbutton  switches  are  being 
marketed  by  Minneapolis-Honeywell's Micro  Switch  Division.  Control  models 
are  available  with  momentary  or  alter- 

nate (push-on,  push-off)  switch  action 
and  with  optional  magnetic  detent  coils. 
Altogether,  there  are  20  different  switch- 

ing options,  assuring  circuit  and  power versatility. 

Circle  No.  229  on  Subscriber  Service  Card 

Environmental  Test  Chamber 

The  Enviratron  Co.  is  marketing 
Enviratrol  Model  UCH-300  which 

stimulates  temperature  from  — 300°F 
to  350°F  with  liquid  nitrogen  and  elec- 

tric heaters.  Higher  temperatures  to 
500°F  is  available,  as  well  as  humidity 
20%  to  95%  between  35°  and  180°F Circle  No.  230  on  Subscriber  Service  Card 

High-Vacuum  Deposition 
Two  high-vacuum  deposition  sys- 

tems, ERINVAC  Model  RRC-124  and 
ERIN  VAC  Model  RRC-126  are  avail- 

able from  Royal  Research  Corp.  These 
systems,  developed  specifically  for  ultra- 
pure  thin-film  production  applications, 
include  lower  ultimate  pressures  of  bet- 

ter than  5  x  10-8  torr,  faster  coating 
cycles,  and  automatic/sequenced,  fail- 

safe operation  that  eliminates  losses  due 
to  operator  error. 

The  systems  utilize  stainless  steel  in 
all  high-vacuum  components  between 
the  high-speed  diffusion  pumps  (720 
liter/second  for  Model  RRC-124  and 
1440  liter/second  for  Model  RRC-126) 
and  the  stainless  steel,  20-in.  O.D.  base 

plates. 
Circle  No.  231  on  Subscriber  Service  Card 
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Variable  Filter  Unit 

A  solid-state,  constant-percentage 
bandwidth-variable  filter  with  a  fre- 

quency range  from  8  to  2500  cps  has 
been  developed  by  Consolidated  Elec- 

trodynamics Corp.,  a  subsidiary  of  Bell 
&  Howell. 

Designated  the  Type  1-159  variable 
filter,  the  instrument  features  a  3% 
bandwidth  at  the  3  db  point,  and  an 
attenuation  of  55  db  one  octave  either 
side  of  the  tuned  frequency. 

Circle  No.  232  on  Subscriber  Service  Card 

new  literature 

TRANSISTOR  REPLACEMENT 
GUIDE  — A  radio  transistor  replace- 

ment guide  from  the  General  Electric 
Co.  cross-references  the  company's  8 
basic  "universal"  replacement  transis- 

tors with  1218  types  of  transistors  com- 
monly used. 

Circle  No.  200  on  Subscriber  Service  Card 

DELAY  LINE  DESIGN  DATA  —  A 
10-page  technical  booklet  describing 
how  to  design  a  delay  line  that  can 
be  delivered  in  24  hours  is  available 
from  Allen  Avionics,  Inc.  It  includes 
charts  and  tables  as  an  aid  in  determin- 

ing size  and  performance. 
Circle  No.  201  on  Subscriber  Service  Card 

WIDE-BAND  D-C  AMPLIFIER  — 
Complete  specifications  for  Elcor's 
Model  DCA-50C  wide-band  D-C  ampli- 

fier are  now  available  in  Bulletin  No. 
43-562.  The  unit  is  applicable  for  labo- 

ratory or  other  needing  signal  amplifica- 
tion over  a  very  wide  band  with  low 

phase  or  amplitude  distortion.  Driven 
by  a  single-phase  input  signal,  the  DCA- 
50C  will  provide  two  output  signals  in 
complementary  phase,  the  principal  out- 

put being  in  phase  with  the  input,  with 
a  gain  of  10  for  each  phase  and  a  push- 
pull  signal  amplitude  of  100  volts  peak- 
to-peak.  Non-linearity  is  less  than  2%. 

Circle  No.  202  on  Subscriber  Service  Card 
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REAGENT  CONTROL  —  A  two-page 
reprint  titled  "X-ray  Controlled  Re- 

agent Feeding  in  Flotation",  giving  engi- 
neering and  operating  information  on  a 

new  quality  control  system,  is  available 
from  Philips  Electronic  Instruments. 
Figures  are  given  for  average  assays  on 
a  55-shift  experimental  run  and  a  table 
shows  how  reagent  consumption  was 
modified.  Two  charts  indicate  change 
of  zinc  content  in  mill  feed  during 
operating  periods  of  moderate  variation 
as  well  as  during  periods  of  large,  rapid 
variation. 

Circle  No.  203  on  Subscriber  Service  Card 

INTEGRATED  RF  COMPONENTS— 
Applied  Research's  "Integrated  RF 
Component"  brochure  describes  some 
of  the  most  significant  improvements 
and  additions  to  the  product  line  which 
includes  broadband,  narrow  band  and 
solid-state  amplifiers  and  converters; 
passive  and  active  multicouplers;  band- 

pass and  rejection  filters;  broadband, 
solid-state  passive  frequency  multipliers; 
and  fixed  attenuators,  terminations  and 
impedance  matching  transformers. 

Circle  No.  204  on  Subscriber  Service  Card 

ENVIRONMENTAL  TEST  CHAM- 
BERS —  A  1962  56-page  catalog  of 

environmental  test  chambers  available 
from  Conrad,  Inc.  includes  various  Con- 

rad products  such  as  cloud  and  pour 
oil  test  chambers  for  petroleum  prod- 

ucts, low  temperature  chests,  hyper  en- 
vironment chambers,  and  chambers 

adaptable  to  vibration  exciters. 
Circle  No.  205  on  Subscriber  Service  Card 

MICROWAVE  CAPABILITIES  —  A 
brochure  from  Neico  Microwave  Co., 
describes  design/engineering,  test  &  in- 

spection, assembly,  machine  shop,  and 
other  departments  involved  in  the  pro- 

duction of  microwave  components. 
Among  the  types  of  microwave  com- 

ponents produced  by  Neico  are:  wave- 
meters,  filters,  mixers,  directional  cou- 

plers, rotary  joints,  ferrite  devices, 
waveguide  switches,  and  other  precisely- 
fabricated  components. 

Circle  No.  206  on  Subscriber  Service  Card 

FEED-THROUGH  CAPACITORS  — 
Technical  data  on  duct-type  feed- 
through  capacitors,  subminiature-size 
units  for  military,  aircraft,  automotive, 
industrial  electric  and  electronic  appli- 

cations, is  available  from  Aerovox. 
Capicitors  listed  in  this  bulletin  are 
rated  for  use  in  circuits  up  to  10  am- 

peres continuous  duty.  Voltage  ratings 
available  are  100  through  600  VDC 
and  125  VAC  operation  at  frequencies 
up  to  400  cps.  Sizes  and  typical  attenu- 

ation curves  in  a  50  ohm  system  also 
are  shown. 

Circle  No.  207  on  Subscriber  Service  Card 
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Will  be  responsible  for  development 

and  support  in  the  areas  of  electro- 
explosives  and  pyrotechnic  devices 
for  spacecraft  application  in  long  range 
lunar  and  planetary  programs.  3  to  5 

years  experience  in  design  or  devel- 
opment of  ordnance  devices  appli- 

cable to  spacecraft.  BS  or  MS  degree. 

Send  complete  resume  to 
PERSONNEL  DEPT. 

JET  PROPULSION 
LABORATORY 

Operated  by  California  Institute  of  Technology  for 
the  National  Aeronautics  &  Space  Administration 
4808  OAK  GROVE  DR.  •  PASADENA,  CALIF. 

"An  equal  opportunity  employer" 

nuclear -commercial 

ZIRCONIUM 

ZIRCONIUM  OXIDE 

ZIRCONIUM 

CHEMICALS 

Write  Dept.  B 

Columbia -National  Corp. 
Subsidiary  of  Pittsburgh  Plate 

Glass  Company  •  One  Gateway 
Center,  Pittsburgh  22,  Pa. 
Circle  No.  5  on  Subscriber  Service  Cord 
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names  in  the  news 
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YATES 

W.  J.  Martin:  Appointed  director  of 
reliability  for  General  Dynamics/Convair, 
San  Diego,  Calif. 

Richard  S.  Bowers:  Named  executive 
vice  president  of  Ortronix,  Inc.,  Orlando, 
Fla. 

Paul  R.  Breen:  Appointed  manager  of 
the  Radio  Development  Dept.  and  acting 
manager  of  the  Digital  Development  Dept., 
Government  Products  Div.,  Adler  Elec- 

tronics, Inc.,  New  Rochelle,  N.  Y. 

Carter  L.  Burgess:  Elected  chairman  of 
the  board  and  chief  executive  officer  of 
American  Machine  &  Foundry  Co.,  New 
York,  N.  Y.  Rodney  C.  Gott  elected  presi- 

dent and  Frank  P.  Downey  elected  execu- 
tive vice  president. 

Bennett  W.  Wright:  Appointed  man- 
ager of  PneumoDynamics  Corp.'s  Ad- vanced Systems  Development  Div.,  El 

Segundo,  Calif. 

Eugene  J.  Fink:  Former  assistant  to 
the  manager  of  special  studies  in  market 
analysis,  cost  control  and  management 
recommendations  at  Bethlehem  Steel  Co., 
Baltimore,  announces  the  formation  of 
Universal  Management  Services  Corp., 
Baltimore. 

Dr.  Charles  H.  Stockman:  Named  tech- 
nical director,  B.  F.  Goodrich  Aerospace 

and  Defense  Products  Div.,  B.  F.  Goodrich 
Co.,  Akron,  Ohio. 

Lt.  Gen.  Donald  N.  Yates  (USAF  ret.): 
Former  commander  of  the  Air  Force  Mis- 

sile Test  Center  at  Cape  Canaveral,  elected 
vice  president  of  Raytheon  Co.  and  general 
manager  of  the  Missile  and  Space  Div., 
Lexington,  Mass. 

J.  William  Jones:  Elected  president  of 
General  Dynamics  Corp.'s  Electric  Boat Div.,  Groton,  Conn.,  and  a  vice  president 
of  the  parent  company. 

C.  E.  Reid:  Elected  vice  president  in 
charge  of  manufacturing  at  Republic  Avi- 

ation Corp.,  Farmingdale,  N.  Y.  Murray 
Berkow  elected  vice  president,  aerospace 
systems  and  services. 

MACDONALD 

J.  L.  Atwood:  Named  chairman  of 
North  American  Aviation,  Inc.,  Los 
Angeles. 

Brig.  Gen.  Charles  M.  Baer  (USA  ret.): 
Named  senior  technical  military  repre- 

sentative-Europe for  Sylvania  Electronic 
Systems,  Paris. 

Angus  Macdonald:  Appointed  manager 
of  defense  program  development  at  the 
Chicago  Center,  Military  Electronics  Div., 
Motorola,  Inc. 

Nevin  Palley:  Former  executive  vice 
president  of  Curtiss-Wright  Corp.,  ap- 

pointed executive  director  of  technical  op- 
erations for  Martin  Co.'s  Denver  division. 

Dr.  Norman  H.  Enenstein:  Named 
manager  of  the  newly  created  systems 
division,  Hughes  Aircraft  Co.  ground  sys- 

tems group,  Fullerton,  Calif. 

John  E.  Mungenast:  Appointed  man- 
ager of  market  and  distributor  development 

for  General  Electric  Co.'s  Rectifier  Com- 
ponents Dept.,  Auburn,  N.  Y. 

Franklin  Finke:  Named  corporate  ex- 
ecutive vice  president-finance  and  assistant 

to  the  president  of  Operations  Research 
Inc.,  Silver  Spring,  Md. 

W.  Dean  Wallace:  Appointed  opera- 
tions manager  of  the  Rochester  Instrument 

Plant,  American  Standard  Controls  Div., 
Rochester,  N.  Y. 

Richard  H.  Briebel:  Promoted  to  presi- 
dent of  ITT  Kellogg  Telecommunications 

Div.,  Chicago.  George  A.  Banino  promoted 
to  president  of  the  TTT  Kellogg  Communi- 

cations Systems  Div. 

F.  J.  Dunleavy:  Appointed  executive 
assistant  to  the  president  of  International 
Telephone  &  Telegraph  Corp.,  New  York City. 

Charles  F.  Myers:  Named  vice  presi- 
dent, marketing,  of  the  Albert  &  J.  M. 

Anderson  Manufacturing  Co.,  Boston. 

Samuel  J.  Davy:  Named  vice  president 
of  engineering  of  National  Co.,  Inc.,  Mai- 

den, Mass. 

Dr.  Henry  L.  Pope:  Named  manager 
of  development  planning  for  Thompson 
Ramo  Wooldridge,  Inc.'s  RW  Div.,  Los 
Angeles. 

W.  F.  Springgate:  Appointed  manager 
of  research  and  engineering  for  the  New 
Bedford,  Mass.,  division  of  Aerovox  Corp. 
Karl  Moeglich  appointed  research  con- sultant. 

R.  B.  Bonney:  Elected  executive  vice 
president  of  Electronic  Engineering  Co. 
of  Calif.,  Santa  Ana. 

Dr.  Ronald  S.  Johnson:  Appointed 
director  of  plans/economics  for  the  Doug- 

las Missile  and  Space  Systems  Div.,  Santa 
Monica,  Calif. 

David  J.  Hodges:  Appointed  manager 
of  voltage-turntable  magnetron  engineering 
at  General  Electric's  Power  Tube  Dept.. Schenectady,  N.  Y. 

William  F.  Sauers:  Appointed  vice  pres- 
ident of  North  American  Aviation's  Man- 

agement Engineering  and  Controls  Div.  in 
the  Autonetics  Div.,  Downey,  Calif. 

Edward  L.  Montgomery:  Appointed 
assistant  director  of  space  and  weapon 
systems  for  Ford  Motor  Co.'s  Aeronutronic Div.,  Newport  Beach,  Calif. 

James  V.  Bitner,  Jr.:  Appointed  vice 
president  of  the  Instrument  Div.,  Lear 
Siegler,  Inc.,  Grand  Rapids,  Mich.  Russell 
W.  Richardson  appointed  vice  president- 
contracts.  Johannes  N.  Thiry  named  vice 
president-engineering  and  Robert  A.  Goll- 
bardt  named  vice  president-manufacturing. 

John  R.  Smythe:  Promoted  to  director 
of  engineering  of  Exide  Industrial  Div.  of 
the  Electric  Storage  Battery  Co.,  Phila- 
delphia. 

Joseph  M.  Williams:  Appointed  director 
of  research  and  development  of  the  Bunt- 

ing Brass  and  Bronze  Co.,  Toledo,  Ohio. 

Bernard  Rider:  Appointed  director  of 
research  and  development  for  the  Mary- 

land Div.  of  Litton  Systems,  Inc.,  College 
Park,  Md. 
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SEPTEMBER 
International  Symposium  on  Information 

Theory,  Institute  of  Radio  Engineers, 
Brussels,  Belgium,  Sept.  3-7. 

National  Advanced  Technology  Manage- 
ment Conference,  Opera  House,  Seattle 

World's  Fair  grounds,  Seattle,  Sept.  4-7. 
Association  for  Computing  Machinery,  Na- 

tional Conference  and  17th  Annual 
Meeting,  Hotel  Syracuse  and  the  War 
Memorial  Auditorium,  Syracuse,  N.Y.. 

Sept.  4-7. Symposium  on  Measurement  of  Thermal 
Radiation  Properties  of  Solids,  spon- 

sored by  Aeronautical  Systems  Div., 
USAF;  National  Bureau  of  Standards, 
and  NASA,  Biltmore  Hotel,  Dayton. 
Ohio,  Sept.  5-7. 

Seminar  on  Automatic  Checkout  Tech- 
niques, sponsored  by  Aeronautical 

Systems  Div.,  USAF,  and  Battelle  Me- 
morial Institute,  Battelle  Memorial 

Institute,  Columbus,  Ohio,  Sept.  5-7. 
Thirteenth  Annual  Reliability  Engineering 

and  Management  Institute,  University 
of  Connecticut,  Storrs,  Sept.  9-21. 

Fourth  National  Conference  on  Applied 
Meteorology,  American  Meteorological 
Society,  Hampton,  Va.,  Sept.  10-14. 

Tenth  Annual  Engineering  Management 
Conference,  IRE,  Hotel  Roosevelt.  New 
Orleans,  Sept.  13-14. 

Hydrofoil  &  Air  Cushion  Vehicles  National 
Meeting,  sponsored  by  the  IAS  and 
Navy  Bureau  of  Ships.  Shoreham  Hotel. 
Washington,  D.  C,  Sept.  16-18. 
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Nellis  AFB  Gunnery  Range,  Las  Vegas. 

Nev.,  Sept.  18-23.  . Technical  Manpower  Utilization  Meeting, 
Institute  of  the  Aerospace  Sciences, 
Hotel  Commodore,  New  York  City. 

Sept.  19-20. Eleventh  Annual  Industrial  Electronics 
Symposium,  sponsored  by  IRE,  Ameri- can Institute  of  Electrical  Engineers 
and  Instrument  Society  of  America, 
Sheraton  Hotel,  Chicago,  Sept.  19-20. 

IRE  Conference  on  Communications, 
Roosevelt  Hotel.  Cedar  Rapids,  Iowa. 

Sept.  21-22. National  Power  Conference  (ASMW- 
AIEE),  Lord  Baltimore  Hotel,  Balti- 

more, Sept.  24-26. Space  Power  Systems  Conference,  ARS, 
Miramar  Hotel,  Santa  Monica,  Calif.. 

Sept.  25-28. Symposium  on  the  Physics  of  Failure  in 
Electronics,  sponsored  by  Rome  Air 
Development  Center,  USAF  Systems 
Command  and  Armour  Research  Foun- 

dation, Illinois  Institute  of  Technology. 

Chicago,  Sept.  26-27. 
Symposium  on  Dynamic  Behavior  of  Ma- 

terials, sponsored  by  the  University  of 
New  Mexico  and  Rocky  Mt.  District 
of  American  Society  for  Testing  and 
Materials,  University  of  New  Mexico, 
Albuquerque,  Sept.  27-28. Fourth  Pacific  Area  National  Meeting 
of  the  American  Society  for  Testing 
Materials,  Statler  Hilton  Hotel,  Los 
Angeles,  Sept.  30-Oct.  5. 

OCTOBER 
National  Communications  Symposium. 

Institute  of  Radio  Engineers,  Hotel 
Utica,  Utica,  N.Y.,  Oct.  1-3. 

Third  Symposium  on  Advanced  Propulsion 
Concepts,  sponsored  by  General  Elec- tric Co.  and  AFOSR,  Sheraton  Gibson 
Hotel,  Cincinnati,  Oct.  2-4. 

National  Symposium  on  Space  Electronics 
and  Telemetry",  IRE,  Fontainebleau 
Hotel,  Miami  Beach,  Fla.,  Oct.  2-4. 

10th  Annual  Human  Engineering  Institute, 
sponsored  by  Dunlap  &  Associates. 
Stamford,  Conn.,  Oct.  2-5. 

18th  Annual  National  Electronics  Confer- 
ence and  Exhibition,  sponsored  by  AIE, 

IRE,  Illinois  Institute  of  Technology  , 
Northwestern  University  and  Univer- 

sity of  Illinois,  McCormick  Place,  Chi- 
cago, Oct.  8-10. National  Aeronautic  &  Space  Engineering 

&  Manufacturing  Meeting  &  Display, 
Society  of  Automotive  Engineers,  The 
Ambassador  Hotel,  Los  Angeles,  Oct. 
8-12. 

Conference  on  Ions  in  Flames  and  Rocket 
Exhaust,  El  Mirador  Hotel,  Palm 
Springs,  Calif.,  Oct.  10-12. 

20th  Annual  Aerospace  Electronics  Expo- 
sition/Report, Aerospace  Electrical  So- 

ciety, Pan  Pacific  Auditorium,  Los 
Angeles,  Oct.  10-12. 

International  Symposium  on  Space  Phe- 
nomena and  Measurement,  sponsored 

by  NASA  and  AEC,  Statler  Hilton 
Hotel,  Detroit,  Oct.  15-18. 45 



editorial . 

Watchdogs  on  the  Hill 

THIS  WEEK,  a  subcommittee  of  the  Congres- 
sional Joint  Committee  on  Atomic  Energy  opens 

hearings  into  the  three-way  dispute  over  management 
of  the  SPUR-SNAP  50  nuclear  space  power  program. 
The  committee  hopes  to  force  some  agreement  on  the 
program  among  officials  of  the  Atomic  Energy  Com- 

mission, the  Air  Force  and  the  National  Aeronautics 
and  Space  Administration. 

Chairman  Melvin  Price  (D-Ill.)  says  the  delay 
in  the  nuclear  space  power  program  threatened  by 
the  jurisdictional  dispute  is  the  main  reason  for  the 
probe,  which  also  will  explore  the  Rover  and  Pluto 
projects. Senior  Editor  William  Beller  of  Missiles  and 
Rockets  was  instrumental  in  bringing  the  dispute  to 
Congressional  attention.  He  first  uncovered  the  situa- 

tion in  an  article  last  winter  (M/R,  Feb.  19,  p.  12). 
Although  three  Congressional  committees  were  as- 

sured following  this  that  the  problem  was  being 
solved,  the  issues  have  not  been  settled  to  this  date. 

On  July  23,  we  called  editorially  for  Congres- 
sional action  to  force  clarification  of  the  management 

structure  of  the  program.  This  was  prompted  by 
industry  disclosure  that  the  disagreement  was  begin- 

ning to  hamper  research  and  development. 
Reaction  was  swift: 
•  Three  weeks  ago,  the  JAEC  scheduled  the 

hearings  which  open  Wednesday. 
•  At  the  same  time,  the  House  Appropriations 

Committee  announced  that  $3.4  million  was  being 
slashed  from  the  AEC  budget  in  this  field,  pending 
solution  of  the  dispute. 

Top  officials  of  the  three  agencies  still  are  pro- 
testing to  the  Hill  that  the  problem  is  not  yet  a 

problem  because  nuclear  space  power  is  in  such  an 
early  research  stage.  This  does  not  jibe  with  what 
we  are  told  by  government  personnel  assigned  to  the 
SNAP-50  and  SPUR  programs  and  by  industry 
sources.  Rep.  Price  has  this  to  say: 

"I've  heard  the  basic  research  excuse  so  long  that 
it  doesn't  impress  me." 

A  study  of  AEC  testimony  before  the  House 
Appropriations  Committee  makes  it  plain  why  the 
committee  took  the  drastic  step  of  cutting  the  AEC 
space  power  budget. 

The  AEC's  general  manager,  Gen.  A.  R.  Lue- 
decke,  testified:  "Our  lack  of  understanding  with 
NASA  at  the  moment  is  on  timing  with  respect  to 
the  undertaking  of  development  of  the  other  com- 

ponents of  the  system  and  the  organization  under 
which  this  would  be  done." 

Dr.  Frank  K.  Pittman,  director  of  AEC's  divi- 
sion of  reactor  development,  told  the  committee: 

"The  only  point  of  disagreement  is  who  has  the 
responsibility  for  developing  the  rotating  equipment 
that  can  convert  the  power  of  the  reactor  into  elec- 

trical current.  That  is  the  point  that  is  not  yet 

resolved." 
The  two  officials  thus  could  not  even  agree  on 

what  the  disagreement  was  about!  Between  them, 
however,  the  two  men  managed  to  convince  the 
committee  that  there  was  no  agreement  on  1 )  who 
was  going  to  build  what,  2)  when  it  would  be  built 
and  3)  how  the  program  would  be  managed.  The 
AEC  grab  for  a  bigger  role  in  space  power  stood 
clearly  revealed. 

This  was  sufficient  justification  for  the  committee 
to  cut  the  funding,  until  objectives  could  be  more 
clearly  defined.  Even  the  JAEC,  which  normally 
could  be  expected  to  side  with  AEC  in  this  situa- 

tion, agrees.  Rep.  Price  calls  the  action  quite  proper 
in  light  of  the  AEC  "indecision"  about  the  program. 

The  Price  subcommittee  has  invited  AEC  chair- 
man Seaborg,  NASA  Administrator  Webb  and  De- 
fense Secretary  McNamara  to  testify.  Also  invited  are 

representatives  of  industrial  firms  and  national  lab- 
oratories involved  in  the  program. 

"We  are  trying  to  find  out  why  they  are  having 
difficulty  in  establishing  direction  in  these  programs," 
Rep.  Price  says.  "Once  they  do  this,  the  programs 
will  move  along  better." We  are  in  complete  agreement.  The  nuclear  space 
power  program  needs  unified  direction.  It  is  too 
important  to  be  the  object  of  a  triple  tug-of-war. 
Best  available  estimates  indicate  direct  cost  of  SPUR- 
SNAP  50  system  development  will  total  more  than 
$300  million. 

A  program  of  this  size  needs  clear  definition  of 
its  management  structure  and  its  objectives.  No  one 
expects  the  three  agencies  to  have  all  the  scientific 
answers  in  a  research  program  such  as  this.  But  the 
answers  will  be  found  much  more  swiftly  if  the  pro- 

gram is  properly  directed. 

THE  ACTION — or  inaction — of  the  three  agencies 
in  attempting  to  cover  up  the  dispute  is  not  in 

the  national  interest.  When  top-level  meetings  failed 
to  bring  agreement,  a  decision  apparently  was  made 
to  sweep  the  whole  mess  under  the  carpet,  despite 
assurances  to  Congress  that  the  problem  would  be 
solved.  Each  of  the  agencies  seemingly  would  prefer 
to  further  entrench  itself  in  the  field  before  a  decision 
is  forced. 

They  are  not  to  be  allowed  this  luxury. 
"We  insist  on  a  decision,"  Rep.  Price  says.  "There 

is  no  excuse  not  to  decide  now." We  are  pleased  to  have  had  a  part  in  bringing 
the  dispute  to  public  attention.  But  we  are  more 
pleased  to  find  Rep.  Price  and  the  JAEC,  backed  by 
the  House  Appropriations  Committee,  fulfilling  their 
watchdog  role  in  the  finest  Congressional  tradition. 

William  J.  Coughlin 
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WANTED: A  PIECE  OF  THE  MOON 

A  century  ago,  gold  dust  fired  the  imagination  of  the  pioneers.  Today  it's  "moon  dust",  and  the  pioneers  are  the 
United  States  Army  Corps  of  Engineers.  They  wanted  to  simulate  a  piece  of  the  moon  here  on  earth  —  an 

engineering  and  research  facility  in  which  their  engineers  and  scientists  could  work-to-learn  —  to  solve  the  problems 
of  constructing  facilities  on  the  moon.  •  We  at  The  Lummus  Company  salute  their  imagination,  vision  and 

courage  as  they  prepare  to  perform  their  hazardous  tasks  in  support  of  America's  Lunar  Exploration  Programs 
in  the  years  ahead.  We  are  proud  to  have  been  selected  by  the  Corps  of  Engineers  to  study  the  engineering 

feasibility  of  the  design  for  such  a  Lunar  Environmental  Research  facility.  •  You  may  not 
^^jfiSs*^  need  a  piece  of  the  moon  in  your  business  but  whatever  your  problem  The  Lummus 

H  IWt   KwHWl  Company  offers  you  a  complete  engineering  and  construction  service  backed  by 
I  UUUbbMV  an  organization  with  demonstrated  skill  in  handling  new  and  difficult  tasks. 

m  
■  |  THE  LUMMUS  COMPANY  385  Madison  Avenue,  New  York  17,  New  York, 

Houston,  Washington,  D.  C,  Montreal,  London,  Paris,  The  Hague,  Madrid;  Engineering  Development  Center:  Newark,  N.  J. 

ENGINEERS      AND      CONSTRUCTORS      FOR  INDUSTRY 
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Douglas  Skybolt  on  Vulcan  Bomber 

Nine  Firms  Bid  on  Lunar  Module  .  . 

Missiles  At  Farnborough  Exhibition  . 

Fairchild  Develops  Steam  Rocket  .  . 



Beech  helps  space  vehicles  get  better  mileage 

by  turning  "hot"  fuel  into  icy  slush 

S/ush  hydrogen  experiment  shows  vital  facet  of 

Beech's  comprehensive  systems  management  capability 

At  the  heart  of  this  experiment  at  Beech's  Boulder, 
Colorado,  space  center  are  three  douhle-walled  vac- 

uum jars,  each  inside  the  other.  Inside  the  inner  jar 
is  liquid  hydrogen,  while  the  center  jar  contains  liquid 
helium.  The  outer  jar  is  filled  with  liquid  nitrogen. 
The  idea  is  to  further  reduce  hydrogen  temperature 
until  it  turns  to  icy  slush. 

The  purpose  of  this  experiment  is  to  explore  the 
feasibility  of  reducing  hydrogen  volume  in  order  to 
increase  space  vehicle  fuel  loads  without  increasing 
tankage  size  or  weight. 

Applied  research  projects  like  this  are  common  at 

Beech.  In  the  past  they  have  included  valuable  work 
on  cryogenic  problems,  space  environment,  and 
countless  other  projects  that  have  measurably  ad- vanced the  state  of  the  art. 

Basic  research  and  development  is  but  one  of  an 
ever-expanding  group  of  Beech  space-age  capabilities. 
Within  the  last  year  alone,  the  size  and  function  of 
Beech  space  facilities  has  more  than  doubled.  This 
constantly  expanding  capability  complex,  coupled 
with  a  highly  trained  and  experienced  staff,  makes 
Beech  a  natural  choice  for  systems  management 
projects.   Besides  the  experiment  shown  here  .  .  . 



Other  Beech  Capabilities  In  Systems  Management  Include: 

R&D. 

GSE. 

Facilities  

Propulsion . . Auxiliary  Power. . . 

Manufacturing . Space  Simulation . 

Complex  Vibration . . Management . 

HOW  may  We  help  yOU?  To  discover  how  the 
unique  facilities  and  expert  personnel  of  Beech  can 
be  quickly  and  efficiently  put  to  work  on  your  proj- 

ect, write,  wire,  or  phone  Contract  Administrator, 

Aerospace  Division,  Beech  Aircraft  Corporation, 
Wichita  1,  Kansas.  Beech  stands  ready  and  eager  to 
accept  complete  systems  management  responsibility 
for  your  project  right  now. 

BEECH  AIRCRAFT  CORPORATION   •  WICHITA  1,  KANSAS 

HELPING  BUSINESS  GROW  FASTER:  Only  Beechcraft  offers  such  a  complete  line  of 
planes  with  so  much  speed,  range,  comfort  and  quiet  to  help  business  multiply  the 
money-making  decisions  that  each  top  man  can  make.  That's  how  thousands  of  Beech- crafts  have  paid  for  themselves. 

Circle  No.  1  on  Subscriber  Service  Card 

Executives:  Write  today  for:  Q  "Dollars  and  Sense  of  Business 
Flying."  □  Beech  Financing  &  Leasing  Plans.  □  New  illu- strated folders  on  Beechcrafts  for  1962.  Address  Public 
Relations  Dept.,  Beech  Aircraft  Corp.,  Wichita  1,  Kansas,  U.S.A. 



.  .  today,  the  moon  .  .  . 

The  CHRYSLER  Corporation  SPACE  Division 

is  now  appointing  engineers  and  scientists  to  fill 

key  positions  in  its  newly  established  Saturn  S-1 
booster  program. 

To  help  us  meet  this  challenge  of  today- 

and  the  yet-unknown  ones  of  tomorrow-we  need 
men  with  the  talent,  enthusiasm,  and  technical 

proficiency  to  meet  the  most  absorbing  problems 
of  the  Space  Age. 

Chrysler  Corporation  pioneered  in  rocketry. 

Its  Space  Division  was  formed  in  January.  1962. 

to  engineer,  produce,  checkout,  and  static  test 

the  first  stage  of  NASA's  Saturn  C-1  space  vehi- 
cle, and  to  assemble  and  launch  the  entire  C-1 

configuration. 

tomorrow,  the  universe. 

Consider  these  added  values  of  a  career  with 

CHRYSLER  Corporation  SPACE  Division: 

•  Association  with  top  technical  minds. 

•  Excellent  career  advancement  potential. 

.  University  facilities  for  advanced  study. 

•  Pleasant  living  in  3  choice  Southern  locations. 

If  you  have  engineering  experience  in  re- 
search, preliminary  design,  test  or  development 

in  the  areas  of  AERONAUTICS,  ELECTRONICS. 

SYSTEMS,  LIQUID  PROPULSION  or  STRUC- 

TURES, or  applied  experience  in  MANUFAC- 
TURING. PLANT  ENGINEERING  or  QUALITY 

CONTROL,  send  your  resume  in  confidence  to 

Personnel  Department,  P.O.  Box  26018,  New 
Orleans  26.  La. 

CHRYSLER    CORPORATIO
N    SPACE  DIVISION 

CAPE   CANAVERAL.  FLA.         HUNTSVILLE,    ALA.         NEW    ORLEANS.  LA. 

An  Equal  Opportunity  Employer 
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Trials  of  the  Douglas  Skybolt  mated  to 
Britain's  Vulcan  jet  bomber  are  to  begin 
at  the  Air  Proving  Ground  at  Eglin  AFB, 
Fla.,  early  next  year.  For  a  special  report 
on  A  PCs  activities  in  the  missile/  space 
field,  see  p.  36. 
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memo  from  the  publisher 

W  VJkw\  ENGINEERS: 
I              \J  Systems,  Design, 
I  1^— '  Development 
\  1  PHYSICISTS 

opportunity 

and 

advancement 

are 

'GO' 

at  VITRO! 

DYNAMIC  EXPANSION 
CREATES  NEW 
CAREER  POSITIONS 

Vitro  Laboratories  is  expanding  on  all  fronts  .  .  . 
missile  systems  engineering  . . .  design  and  devel- opment .  .  .  analysis  .  .  .  research  and  study.  We 
Invite  you  to  enter  the  "go"  climate  of  Vitro. 
MISSILE  SYSTEMS  ENGINEER 
System  engineering  in  Polaris  Weapons  System, 
Including  analysis  of  various  complex  electro- 

mechanical sub-systems.  Will  makecomparisonsof 
sub-subsystems  operations,  conduct  necessary 
studies  to  confirm  conformance  of  sub-system 
components  with  operational  requirements,  and 
engage  in  liaison  with  sub-contractors  to  support above  activities.  BSEE  or  equivalent.  Experience 
In  design  of  digital  circuitry  and  related  test  equip- ment desirable. 
SR.  MATHEMATICIAN 
Review  and  analysis  of  Polaris  system  functional 
design  to  determine  a  proper  error  assignment  on  a 
computational  criteria  basis.  BS  or  MS  in  mathe- 

matics. Four  to  ten  years'  missile  systems  relia- bility experience  desirable. 
ELECTRICAL  ENGINEER 
Will  analyze  missile  systems  for  good  engineering 
practices  to  reduce  radio  frequency  interference; 
conduct  RFI  measurements  in  lab  and  aboard  ship 
to  reduce  specific  RFI  effects.  Position  requires 
experience  in  these  areas  or  antenna  studies,  RF 
propagation  theory,  electromagnetic  radiation 
hazard  studies  or  associated  design  or  evaluation. BSEE. 
Direct  vour  inquiry  to: 
Manaper  Professional  Employment 

"\fifra  LABORATORIES Division  of  Vitro  Corporation  of  America 
Dept  229,  140O0  Georgia  Ave., Silver  Spring,  Maryland 
(Residential  suburb  of  Washington,  D.C.) Phone  Whitehall  2-7200 
An  equal  opportunity  employer 

GROWTH  is  the  key  word  around 
Missiles  and  Rockets  these  days 
and  I  thought  you  might  be  interested 
in  a  few  of  the  things  that  have  been 
taking  place. 

In  the  editorial  department,  we 
are  pleased  to  announce  that  Russell 
E.  Hawkes,  one  of  the  nation's  top 
missile/space  writers  has  joined  our 
California  news  bureau.  Russ  worked 
both  in  industry  and  in  the  trade 

paper  publishing  field.  His  most  re- 
cent assignment  was  in  the  West  Coast 

bureau  of  Aviation  Week  where  he 
earned  a  reputation  as  an  accurate 
and  knowledgeable  writer  during  six 
and  one  half  years  covering  industry 
developments.  Russ  received  his  B.S. 
in  Journalism  from  the  University 
of  Wisconsin,  after  completing  high 
school  in  Park  Ridge,  111.  Russ  has  a 

commercial  pilot's  license  with  over 1400  hours  total  time  and  is  an  avid 
sail  plane  enthusiast.  He  is  33  years 
old,  married  and  has  three  children. 

ASSOCIATE  EDITOR  Frank 
McGuire  returns  this  week  on  a  full 

time  basis,  after  a  year's  leave  of  ab- 
sence on  a  Columbia  University  Sci- 

ence Writing  Fellowship  and  a  subse- 
quent three-month  tour  of  Europe.  He 

will  be  covering  the  Capitol  Hill  beat. 
Frank  is  an  outstanding  journalist  and 
we  are  happy  to  have  him  back. 

CIRCULATION  continues  its  up- 
ward spiral.  We  will  have  over  40,000 

paid  subscribers  by  the  end  of  Sep- 
tember— a  gain  of  5,000  new  sub- 

scribers since  the  first  of  the  year. 
From  what  you  tell  us,  our  complete 
systems  coverage  seems  to  be  what 
you  want  in  a  trade  paper  these  days. 
A  number  of  recent  industry  surveys 
of  trade  paper  reading  habits  reveal 
that  Missiles  and  Rockets  is  among 
the  best  read  technical  publications  in 
the  missile/space  industry. 

Gains  also  are  being  registered  in 
our  advertising  department.  Although 
page  totals  for  other  aerospace  pub- 

lications are  down  considerably  from 
1961,  Missiles  and  Rockets  has 
shown  a  substantial  50-page  ad  gain 
through  August — another  indication 
of  industry  acceptance. 

DON'T  MISS  the  special  report 

on  Space  Electronics  in  next  week's Missiles  and  Rockets.  Compiled  by 
the  entire  editorial  staff  under  the 
direction  of  Senior  Editor  Charles 
LaFond,  the  study  covers  trends  in 
R&D  in  each  of  the  major  electronics 
fields  that  will  answer  the  expected 
needs  of  NASA  and  the  military 
through  1970.  Market  estimates  will 
be  detailed  over  the  same  period.  The 
survey  and  the  technical  articles  will 
cover  guidance  and  control,  telemetry, 
communications,  detection  and  track- 

ing, power  sources,  checkout,  and 
instrumentation.  In  addition,  a  pro- 

curement guide  will  be  included  which 
will  show  who  the  major  government 
buyers  of  hardware  and  services  are 
and  where  the  important  procurement 
areas  are  for  space  electronics. 

NEW  DEPARTMENTS.  As  most 

of  you  are  aware,  new  product  de- 
velopment in  the  space  electronics 

field  is  increasing  rapidly.  To  better 
serve  those  of  you  in  the  Electronic 
Systems  area,  we  are  starting,  effec- 

tive October  1,  a  new  section  in 
the  magazine  called  NEW  SPACE 
ELECTRONICS  PRODUCTS.  This 
feature  will  be  included  in  the  first 
issue  of  every  month  thereafter.  I 
think  you  will  find  it  a  very  useful 

department. Our  editorial  department  already 
is  at  work  on  our  Second  Annual 

NASA  issue  to  be  published  Novem- 
ber 26.  This  is  scheduled  to  be  our 

biggest  effort  of  the  year  in  order  to 
bring  you  up  to  date  on  the  many 
changes  that  have  taken  place  in 
NASA  in  recent  months.  Final  pro- 

curement and  development  decisions 

on  such  programs  as  Aeros,  Ad- 
vanced Relay,  Nova  Super  Booster, 

Advanced  SYNCOM  and  Lunar  Lo- 
gistics Vehicle  will  be  made  in  the 

next  few  months.  It  is  our  intention 
to  dig  into  these  areas  to  give  you  as 
complete  a  rundown  on  their  status 
as  possible.  We  will  also  be  reporting 
on  the  many  changes  brought  about 
by  the  recent  decision  to  use  Lunar 
Orbit  Rendezvous  for  the  first  Manned 

Lunar  Landing.  If  NASA's  activities 
are  important  to  you,  watch  for  the 
November  26  issue. 

James  W.  Claar 
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— letters  

Nuclear  Hearings 
To  the  Editor: 

I  want  to  tell  you  how  impressed  I  was 
with  your  articles  in  the  Feb.  19  and  July 
23  issues  of  M/R  concerning  the  lack  of 
cooperation  and  resulting  lack  of  progress 
in  the  AEC,  NASA  and  Air  Force  pro- 

grams for  developing  nuclear  power  sys- 
tems for  space. 

For  some  time  I  have  been  most  con- 
cerned with  the  inability  of  these  agencies 

to  work  together.  As  Chairman  of  the  Sub- 
committee on  Research,  Development  and 

Radiation  of  the  Joint  Committee  on 
Atomic  Energy,  I  have  called  a  series  of 
public  and  executive  session  hearings  at 
which  I  have  requested  responsible  officials 
of  the  AEC,  NASA  and  the  Defense  De- 

partment, as  well  as  representatives  from 
industry,  to  testify. 

I  want  you  to  know  that  my  decision 
to  hold  these  hearings  at  this  time  resulted 
in  part  from  some  of  the  facts  uncovered 
by  you  and  set  forth  in  your  articles. 

Melvin  Price,  Chairman 
Subcommittee  on  Research, 
Development  and  Radiation 
Joint  Committee  on  Atomic  Energy 
Congress  of  the  United  States 
Washington 

Military  Space 
To  the  Editor: 

I'll  make  this  short.  I  agree  with  your 
Aug.  27  editorial  ("Playing  with  Blocks"), we  do  need  another  Billy  Mitchell.  This 
time  on  the  Navy's  Polaris  submarine.  Con- 

sider the  feasibility  of  such  an  expensive 
weapon  system.  Consider  that  the  anti- 
weapon  of  this  weapon  system  will  make 
it  obsolete  before  the  full  fleet  is  developed. 
Consider  the  money  saved  and  put  to  use 
on  military  satellites  if  we  took  the  Navy's 
"toy"  away. Thomas  D.  Ross 

Inglewood,  Calif. 

Addle-pated  Scientists 
To  the  Editor: 

I  was  very  pleased  to  read  your  editorial 
"The  Big  Knife"  (M/R,  Aug.  20).  The 
article  covered  many  points  that  have  been 
burning  in  my  mind. 

Your  reference  to  "addle-pated  scientists 
and  politicians"  covers  the  complete  cause 
of  our  sad  position  in  the  present  status 
of  the  space  race.  This  country,  I  feel, 
lost  its  reservoir  of  pioneer  individuals 
required  for  this  great  venture  in  the  far 
beyond.  In  place  of  pioneers  we  have 
addle-pated  scientists,  paunchy  and  con- 

niving politicians,  and  money-hungry  exec- 
utives. Assuredly  each  of  these  has  his 

place  in  the  scheme  of  things,  but  decidedly 
not  controlling  our  very  destiny. 

Joseph  C.  Szempias 
Toledo,  Ohio 
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New  Avenues 

in  Space 

Technology 

...at  AVCO/RAD 

Addition  of  the  vital  Apollo  Heat  Shield  to  Avco/RAD's 
Minuteman,  Titan,  Atlas,  and  Penetration  Aid  program 
has  created  new  opportunities  for  Senior  Scientists  and 
Engineers  qualified  in  the  following  areas: 

STRUCTURES  ENGINEERING 
Structural  Design  Methods 
Structural  Loads 
Structural  Analysis 

Dynamic  Analysis 
Structural  Testing 
Solid  Mechanics 

THERMODYNAMICS  &  HEAT 
TRANSFER  ENGINEERING 

Material  Thermal 
Performance  Evaluation 
Preliminary  Design 

Ablative  Heat  Shield  Design 
New  Ablation  Theory 
Development  and 
Design  Procedures 

AERODYNAMIC  DESIGN  & 

DEVELOPMENT 
Aerodynamics  Analysis 

Performance-Trajectories- 
Dispersion-Stability 
Vehicle  Dynamics 
Aerodynamic  Loads 

Wind  Tunnel  Testing 
Preliminary  Design 

Configuration  Optimization 
Heat  Transfer 

To  support  these  activities  the  Division's  23  million  dollar facilities,  located  just  north  of  metropolitan  Boston,  has 
recently  added  a  new  space  research  laboratory  to  simulate 
conditions  encountered  by  vehicles  returning  to  earth  after 
lunar  and  interplanetary  missions. 

Featuring  facilities  such  as  an  MHD  shock  tube  and  molecular 
beam  shock  tunnel  to  accelerate  gases  to  60,000  feet  per  second, 
the  new  addition  extends  the  Division's  capability  to  offer scientific  and  technical  personnel  the  proper  atmosphere  and 
equipment  to  carry  out  assigned  and  future  programs. 

Send  resume  to 
Mr.  J.  Bergin 

Dept.  JS 

An  equal  opportunity  employer 

He  search!  Advanced  Development 
A  Division  ot  Avco  Corporation 
201  Lowell  St.,  Wilmington,  Mass. 
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TOTAL  CAPABILITY  IN  SOLID  ROCKETS 

RESEARCH...  DEVELOPMENT 
...PRODUCTION...  FACILITIES 

RESEARCH Aerojet-General's  Solid  Rocket 
Plant  conducts  full-scale  research  in  propellant  chem- 

istry, internal  ballistics,  and  the  architecture  of  design. 
Now  under  intensive  study:  new  sources  of  high  energy 
propellant. ..huge  booster  engines,  both  segmented  and 
unitized. ..movable-nozzle  control  systems  for  solid 
rockets... and  "hybrid"  rockets  that  combine  the  best 
features  of  both  solid  and  liquid  propulsion  systems. 

SOLID  ROCKET  PLANT  /  Sacramento,  California 

Engineers,  scientists:  investigate  outstanding  opportunities  at  Aerojet-General.® 
8 



The  Countdown 

WASHINGTON 

AF  Satellites  Damaged  by  Radiation 
The  new  nuclear  radiation  belt  has  damaged  some  Air 

Force  secret  satellites.  On  future  shots,  additional  protec- 
tion is  to  be  provided  for  solar  cells  against  the  electron 

damage  caused  by  the  radiation  belt. 

Scout  to  Launch  Operational  Transit 
Significant  weight  reductions  in  the  operational  Transit 

have  enabled  the  Navy  to  switch  from  the  Thor-Able-Star 
to  a  less  expensive  Scout  booster.  The  four-satellite  navi- 

gational system  is  to  be  placed  in  orbit  next  month. 

Funding  Changes  Require  DOD  Approval 
Control  over  the  RDT&E  efforts  of  the  three  services 

has  been  extended  to  require  specific  approval  by  the  Sec- 
retary of  Defense  for  all  funding  changes  of  more  than 

$2  million  for  some  340  identified  activities  or  major 
development  projects.  A  similar  limitation  is  being  devel- 

oped for  military  construction  and  procurement  accounts. 

SPRINT  Definitely  Not  a  Zeus 

Contrary  to  initial  reports,  SPRINT — a  highly  classi- 
fied missile  project  designed  to  overcome  DOD  objections 

to  Nike-Zeus — is  not  a  follow-on  Zeus.  The  exact  nature 
of  the  system  has  not  been  revealed  but  it  will  be  able  to 
handle  significantly  more  targets  than  Zeus. 

And  Here's  Another 
The  new  Aerospace  Corp.  office  at  White  Sands  Mis- 
sile Range,  which  has  a  staff  of  less  than  10,  is  working 

with  the  Air  Force  in  the  flight  test  program  of  an  anti- 
ICBM  vehicle.  No  details  are  available. 

Where  Will  the  Lines  be  Drawn? 

The  roles  of  General  Electric  and  AT&T's  Bellcom 
subsidiary  in  the  Lunar  Landing  Program  are  strictly  ad- 

visory and  analytic,  according  to  officials  of  the  two  firms. 
Principal  concern  of  NASA  in  its  current  negotiations 
with  the  two  firms  on  Apollo  systems  engineering  and 
integration  contracts  is  how  to  benefit  from  these  two 
leading  technical  sources  without  giving  them  a  competi- 

tive advantage  or  over-restricting  them  on  future  manned 
space  flight  R&D  contracts. 

No  Cure  for  Nimbus  Slippage 
In  the  future  military  users  of  the  Nimbus  weather 

satellite  system  require  program  urgency,  they  so  far 
have  given  no  such  indication  to  the  space  agency,  accord- 

ing to  NASA's  Dr.  Morris  Tepper.  He  told  the  House 
Space  Committee  he  doubts  pumping  more  money  into 
the  program  will  prevent  the  currently  estimated  6-month 
to  a  year  slippage.  DOD's  John  Rubel,  meanwhile,  refuted 
Air  Force  testimony  that  DOD  is  considering  its  own 
weather  satellite  (M/R,  Sept.  3,  p.  14). 

Astronaut  Final  Selection  Close 

Space  agency  officials  now  plan  to  announce  the  names 
of  the  new  group  of  astronauts  later  this  month.  Five  to 
10  will  be  selected  from  a  final  list  of  20.  The  astronauts 
will  make  their  first  flights  in  the  Gemini  two-man  space- 

craft flight  series  beginning  in  1964. 

INDUSTRY 

Next  Mercury  Booster  Readied 

Atlas  130  "D",  which  is  scheduled  to  cany  Mercury 
capsule  MA-9,  is  now  undergoing  final  checkout  of  elec- 

trical and  mechanical  systems  on  the  assembly  line  at 
General  Dynamics/ Astronautics.  Meanwhile,  a  static  test 
on  MA-8,  first  ever  scheduled  on  a  manned  booster  at 
Cape  Canaveral,  was  scrubbed  last  week.  Test  was  in- 

tended to  check  out  new  baffle  injector  plates  installed  to 
give  a  better  mixture  of  LOX  and  RP-1.  No  reason  was 

given. Operation  Successful,  Reactor  Damaged 
First  ground  tests  of  the  Kiwi-B-IB  reactor  system 

using  liquid  hydrogen  as  the  propellant  were  completed 
by  the  AEC's  Los  Alamos  Scientific  Laboratory.  Previous 
tests  using  other  reactors  employed  gaseous  hydrogen. 
The  reactor  was  damaged  during  the  test  run.  Cause  is 
still  unknown. 

Escape  Chute  Under  Test 

The  personnel  parachute  Northrop-Ventura  is  devel- 
oping and  qualifying  for  Gemini's  ejection  seat  system  is 

undergoing  low  altitude  drop  tests  from  a  C-133  at  El 
Mirage  Dry  Lake,  Edwards  AFB.  Parachute  and  seat, 
weighted  to  simulate  a  passenger,  are  pushed  from  the 
aircraft  on  a  rig  from  which  the  seat  ejects.  Northrop  also 
is  developing  a  steerable  parachute  suitable  for  both  per- 

sonnel and  vehicles. 

Gemini  Design  Approved 

NASA  has  given  McDonnell  Aircraft  Corp.  the  manu- 
facturing go-ahead  for  the  Gemini  spacecraft.  The  order 

followed  an  engineering  evaluation  session  of  the  space- 
craft mockup  in  mid-August.  Space  agency  officials  ap- 

proved the  design  with  only  slight  changes  recommended. 

NASA  Procurement  Study  Due 
Procurement  officials  have  given  top  space  agency 

brass  a  status  report  on  their  study  of  NASA  contracting 
policies.  Originally  scheduled  to  be  completed  about  Sept. 
1,  final  report  and  recommendations,  they  say,  will  be 
delayed  for  a  few  weeks.  Primary  objective  is  a  review 
and  improvement  of  contractor  source  selection  and 
evaluation. 

INTERNATIONAL 

UK  Reports  Largest  Electronics  Shipment 

The  Scorpion  radar  system,  built  by  Associated  Elec- 
trical Industries,  Leicester,  England,  has  been  shipped 

from  Liverpool  to  the  Woomera  Test  Range  for  use  in 
testing  the  Bloodhound  II  guided  missile.  Weighing  more 
than  80  tons,  the  system  is  believed  to  be  the  largest  elec- 

tronic consignment  ever  to  have  been  exported  from 
the  UK. 

Alouette  Launch  Date  Fixed 

Launch  date  for  Canada's  S-27  "topside"  ionospheric- 
sounder  satellite  now  is  Sept.  28,  according  to  NASA 
officials.  It  will  be  sent  into  a  polar  orbit  from  the  Pacific 
Missile  Range.  Booster  is  a  Thor-Agena. 
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THIS    MAN    NEEDS  HELP. 

He  is  sitting  on  a  frictionless  chair  in  a  pitch-black  room 
at  the  Life  Sciences  research  facilities  at  Vought  Astronautics 
Division.  Robbed  of  all  sensual  references  save  the  image 
within  his  eyes,  he  finds  himself  in  the  same  predicament  as 
a  future  astronaut  trying  to  pilot  his  craft  to  an  orbital  rendez- 

vous with  another  object.  ■  As  his  chair  glides  toward  the 
target,  he  reports  a  collision  course  even  though  he  will  miss 
it  by  almost  fifteen  degrees.  His  estimate  of  the  closing  rate 
is  dangerously  over-confident.  You  would  find  he  needed  help 
—  if  you  trjed  it  yourself.  ■  This  experiment  demonstrates 

Vought's  acute  awareness  of  man  in  the  space  craft. 
Contracted  and  in-house  studies  are  helping  him  learn  to 
survive  and  work  in  the  alien  environment  of  outer  space. 
Vought  Astronautics  is  also  at  work  on  orbital  rendezvous, 

the  DYNA-SOAR  nose  cap,  SATURN  first-stage  fuel  tankage 
and  is  prime  contractor  of  NASA's  SCOUT  rocket  system. 
Write  today  for  the  story  of  the  concept-to-countdown 
capabilities  of  Vought  Astronautics  Division. 

 ASTRONAUTICS  DIVISION 

fl—,'-irJ\^y^  CHANCE  VOUGHT  CORP. A  DIVISION  OF  LING  -TEM  CO  -VOUGHT,  INC. 
POST  OFFICE  BOX  6267  DALLAS  22,  TEXAS 
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The  Missile / Space 

New  Titan  III  Details 

First  Titan  III  "A"  configuration 
is  scheduled  for  launching  21  months 
from  the  go-ahead  date  on  the  pro- 

gram, which  was  Aug.  11.  This  puts 
the  launch  date  in  May,  1964.  Dates 
were  disclosed  last  week  by  the  Air 
Force. 

The  "C"  configuration  is  to  make 
its  first  flight  in  January,  1965.  First 
of  the  "C"  configurations  is  sched- 

uled to  carry  a  payload,  probably 
orbital,  and  the  third  will  carry  an 
unmanned  X-20.  Third  X-20  flight  is 
to  be  manned. 

Present  plans  call  for  the  third 
stage  of  Titan  III  to  have  a  three- 
start  capability.  It  will  be  replaceable 

by  Centaur. The  "A"  configuration,  which 
does  not  have  the  120-in.  solid  boost- 

ers, will  be  assembled  and  launched 
from  Pad  20  at  the  Cape.  Modifica- 

tions to  that  pad  will  start  soon. 
Designs  now  have  been  completed 

for  Titan  III  complexes  40  and  41  at 
the  Cape.  AF  plans  to  call  for  site 
preparation  bids  within  the  next  30 
days. 

Complex  42,  also  intended  for  the 
"C"  configuration,  has  been  sited  but 
will  not  be  built  as  yet. 

Initial  estimates  call  for  expendi- 
ture of  more  than  $60  million  for 

the  complete  Integrated-Transfer- 
Launch  complex  (ITL).  The  main 
integration  building  will  stand  320 
ft.  high.  It  will  be  315  ft.  long  and 
192  ft.  wide.  The  solid  motor  mating 
structure  will  measure  250  ft.  long, 
240  ft.  high  and  140  ft.  wide. 

Plans  call  for  the  pads  to  be 
located  8000  ft.  apart  on  the  ocean 
front. 

Titan  III  will  be  assembled  in  the 
integration  building  in  a  vertical 
position.  It  then  will  be  moved  by 
rail  to  the  solid  mating  building 
where  the  five-segment  first  stage 
solid  motors  will  be  strapped  on  the 
liquid  propellant  second  stage. 

Pad  time  is  expected  to  be  only 
six  to  eight  days,  permitting  an  ac- 

celerated rate  of  firing. 

Shots  of  the  Week 

An  improved  first  stage  for 
NASA's  Scout  launch  vehicle  was 
successfully  flight  tested  Aug.  30, 
from  Wallops  Island,  Va.  The  Aero- 

jet-General Algol  II  motor,  30  ft. 
long  and  40  in.  in  dia.,  develops 
100,000  lbs.  thrust.  It  is  the  largest 
solid  motor  used  to  date  in  a  NASA 

program. The  improved  Scout  launched  an 
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experimental  payload  to  observe  ef- 
fects of  atmospheric  heating  on  a 

spacecraft  re-entering  at  orbital 
speeds. 

•  A  failure  of  the  X-15's  stabil- 
ity control  system  forced  Air  Force 

pilot  Maj.  Robert  Rushworth  to 
switch  to  his  emergency  control 
system  Aug.  29  over  Edwards  AFB, 
Calif.  It  was  the  fourth  failure  of 
the  automatic  control  system  in  as 
many  nights. 

Temperatures  of  about  1100°F 
caused  the  plane's  wings  and  tail 
edges  to  glow  red  and  its  speical  al- 

loy skin  to  crack  and  pop  under  the 
heat-caused  expansion  stresses.  The 
flight  was  another  in  a  series  to  test 
high  speed  re-entry  maneuvers  for 
the  X-20. 

Kennedy  Tours 
Space  Installations 

The  President  will  make  a  two- 
day  inspection  tour  of  space  installa- 

tions this  week.  He  will  visit  Cape 
Canaveral  and  Redstone  and  Saturn 
operations  at  Huntsville,  Ala.,  on 
Tuesday.  The  next  day  he  will  see 
the  Houston  Manned  Space  Flight 
Center  and  McDonnell  Aircraft's 
Mercury  capsule  plant  in  St.  Louis 
before  returning  to  Washington 
Wednesday  night. 

The  presidential  party  will  in- 
clude Secretary  of  Defense  Mc- 

Namara,  NASA  and  Budget  Bureau 
officials  and  congressional  space 
committee  members.  Trip  is  billed 
as  "strictly  business"  in  connection 
with  planning  the  FY  '64  govern- 

ment budget. 

Bomb  Test  Ends  Space  Data 
The  radiation  belt  created  by  the 

July  9  U.S.  H-bomb  blast  has 
knocked  out  all  transmission  from 
three  satellites :  Transit  lf-B,  TRAAC, 
and  the  U.S. -launched,  British  Ariel. 
Injun  continues  to  broadcast  as  be- 

fore, and  Telstar  appears  to  be  un- 
affected by  the  radiation.  Official 

announcement  of  the  damage  con- 
firmed M/R's  August  27  report. 

AF  Reorganizes  R&T  Staff 
A  major  realignment  at  the  Air 

Staff  level  of  the  Air  Force  has 
focused  responsibility  for  all  space 
projects  in  the  office  of  Lt.  Gen. 
James  Ferguson,  Deputy  Chief  of 
Staff  for  Research  and  Technology. 

Included  in  the  transfer,  effective 
Sept.  1,  were:  MIDAS,  Satellite  In- 

spector, Dyna-Soar  (X-20),  DOD 
communications    satellite  systems, 

Titan  III  and  the  large  solid  rocket 
program.  Significantly  missing  from 
the  list,  however,  was  SAMOS.  This 
system  and  the  Agena  D  were  not 
transferred  to  R&T  from  the  Deputy 
Chief  of  Staff  for  Systems  and  Lo- 
gistics. The  criterion  for  transferring 
space  systems  was  reportedly  their 
research  and  development  status. 
For  example,  Agena  D  was  not  trans- 

ferred because  it  is  essentially  a 
production  item.  This  would  indicate 
SAMOS  is  now  operational. 

The  primary  purpose  of  the  re- 
organization was  to  centralize  all 

AF  space  activities  under  a  single 
staff  agency.  The  realignment  will 
also  provide  DOD  with  a  single 
source  for  information  and  coordi- 

nation of  its  program  package  VI 
(Research  and  Development).  In  the 
past,  this  lack  of  a  single  AF  source 
for  package  VT  activities  has  been 
criticized  by  DOD. 

In  essence,  the  realignment  and 
transfer  of  staff  responsibility  and 
personnel  responsible  for  space  pro- 

grams is  a  return  to  the  situation 
which  existed  before  mid-1961.  The 
DCS/ Development  then  was  charged 
with  systems  R&D  up  to  the  point  of 
production  procurement. 

In  1961,  however,  the  DCS/De- 
velopment  was  redesignated  RCS/ 
R&T  and  charged  with  basic  and 
applied  research,  advanced  tech- 

nology and  development  planning. 
The  DCS/Systems  and  Logistics  took 
over  responsibility  for  both  ad- 

vanced systems  development  and 
procurement. 

Under  the  realignment,  DCS/ 
S&L  will  retain  responsibility  for 
system  production  procurement  and 
logistic  support  and  for  those  de- 

velopment projects  near  completion 
and  associated  with  series  produc- tion. 

Coordination  between  the  two 
staff  agencies  will  be  effected  by  a 
joint  programing  office. 

Modification  at  the  Cape 
The  Army  Corps  of  Engineers 

has  announced  that  Complex  12  at 
Cape  Canaveral  will  be  modified  to 
service  larger  and  more  sophisti- 

cated space  vehicles.  Mariner  and 
Ranger  shots  were  made  from  this 

pad. 
The  upper  portion  of  the  tower 

will  be  modified  to  accept  the  larger 
vehicles,  the  existing  7V2-ton  crane 
will  be  replaced  by  a  10-ton  model, 
air-conditioning  will  be  installed  in 
an  upper  level  work  area,  adjustable 

work  platforms  will  be  modified  and 
additional  electrical  service  will  be 
provided  to  the  tower  and  launch 

pad. 

Bids  on  the  work,  expected  to 
cost  about  $350,000,  will  be  opened 
Sept.  27.  Work  will  have  to  be  com- 

pleted within  97  calendar  days, 
broken  by  three  periods  when  NASA 
will  fire  exploratory  rockets  from 
Complex  12. 

Nuclear  Space  Hearings 
Public  and  executive  hearings  to 

look  into  the  management  problems 
of  large  space-nuclear-powerplants 
as  well  as  the  status  of  projects 
Rover,  Snap,  Pluto  and  Orion  were 
rescheduled  to  Sept.  11-13.  To  be 
held  by  the  Subcommittee  on  Re- 

search, Development  and  Radiation 
of  the  Joint  Committee  on  Atomic 
Energy,  the  hearings  originally  were 
set  for  last  week. 

Economy  ComSat 
Terminal  Tested 

An  experimental  version  of  a 
low-cost  ComSat  ground  station  ca- 

pable of  handling  a  single  two-way 
voice  or  data  channel  was  success- 

fully tested  via  Telstar  by  Bell  Tele- 
phone Labs  last  week. 

Operated  in  conjunction  with  the 
massive  Andover,  Mass.  facility,  the 
Holmdel,  N.J.,  mini-station  also  sim- 

ulated very-long-range  communica- 
tions between  two  such  small  units 

by  using  a  voice  path  to  and  from 
Telstar  before  demodulation. 

The  single  channel  station  was 
built  in  two  weeks  with  available 

equipment  including  a  "war  surplus" 18-ft.  dish  antenna.  A  refined  facility 
would  cost  between  $250,000  and 
$500,000  but  Bell  has  no  specific 
plans  at  the  moment. 

The  Holmdel  experiment  was  not 
designed  to  compete  with  the  larger, 
12-channel  mobile  ground  station 
being  developed  by  ITT  for  the 
Project  Relay  communications  satel- 

lite system.  But  the  Bell  ground 
station  may  evenutally  become  a 
reality  for  fund-limited  countries 
and  organizations  desiring  a  com- 

munications satellite  tie-in. 

USSR  Plans  Sun-Data  Shots 

Russia  has  revealed  plans  for  spe- 
cial rockets  and  unmanned  satellites 

to  obtain  information  about  the  Sun. 
The  research  would  be  performed  in 
connection  with  worldwide  "Interna- 

tional Year  of  the  Quiet  Sun"  activ- ities. 
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For  Apollo  spacecraft . . . 

Nine  Firms  Bid  on  Lunar  Module 

NASA  expected  to  let  contract  in  six  to  eight  weeks 

for  LEM  vehicle;  award  may  exceed  $500  million  mark 

NINE  FIRMS  have  submitted  con- 
tract bids  for  the  Apollo  spacecraft's 

Lunar  Exploration  Module.  Contract 
for  the  two-man  LEM  will  probably 
total  well  over  $500  million.  NASA  an- 

nounced that  the  contractor  would  be 
selected  in  six  to  eight  weeks. 

NASA  also  selected  Space  Tech- 
nology Laboratories,  Northrop  Space 

Laboratories  and  Grumman  Aircraft 
Engineering  Corp.  to  study  design  of  a 
lunar  logistics  vehicle. 

The  nine  firms  submitting  bids  for 
LEM  are  Lockheed  Aircraft  Corp., 
Boeing  Co.,  Ling-Temco-Vought,  Inc., 
Northrop  Corp.,  Grumman  Aircraft  En- 

gineering Corp.,  Douglas  Aircraft  Co., 
General  Dynamics,  Republic  Aviation 
Corp.  and  Martin  Marietta  Corp. 

Two  firms  that  were  invited  to  take 
part  in  the  procurement  action  but  did 
not  submit  bids  were  McDonnell  Air- 

craft Corp.  and  North  American  Avi- 
ation, Inc. — prime  contractors  for  the 

Gemini  and  Apollo  programs. 

LEM  will  detach  from  the  Apollo 
spacecraft  while  in  lunar  orbit  and  de- 

scend to  the  Moon's  surface.  After  lunar 
exploration,  the  spacecraft — using  its 
own  propulsion  system — will  leave  the 
Moon  and  rendezvous  with  orbiting 
Apollo  command  and  service  modules. 

•  Lunar  Logistics  System — A  three- 
month  contract  was  awarded  to  Space 
Technology  Laboratories  for  the  study 
of  various  spacecraft  that  could  carry 
supplies  to  a  lunar  exploration  party. 
Major  objective  of  the  $150,000  con- 

tract will  be  to  determine  how  subsys- 
tems in  a  9000-lb.  vehicle  carrying  1500 

lbs.  of  equipment  might  form  the  basis 
for  a  90,000-lb.  vehicle  carrying  20,000 
lbs.  of  equipment. 

The  Northrop  and  Grumman  con- 
tracts are  also  three-month  studies,  each 

worth  $75,000.  The  firms  will  conduct 
separate  studies  of  single  cargos — life 
support  equipment,  survival  gear  and 
roving  vehicles — for  the  smaller  space- 

craft and  combinations  of  cargos  for  the 

90,000-lb.  spacecraft. 
•  Nova  Launch  Facilities — NASA 

also  issued  proposals  to  32  companies 
for  a  Nova  launch  facilities  study.  The 
firms  were  invited  to  submit  bids  by 
Sept.  17  with  the  contract  expected  to 
be  awarded  about  Oct.  1.  The  chosen 
contractor  will  have  to  work  closely  with 
two  companies,  General  Dynamics/ As- 

tronautics and  Martin  Marietta  Corp., 
which  are  conducting  concurrent  Nova 
systems  definition  and  preliminary  de- 

sign studies. 
In  the  first  phase  of  the  launch  fa- 

cility study,  ending  by  December  1962, 
the  contractor  will  develop  preliminary 
information  on  launch  facilities  for  the 
most  promising  Nova  configuration. 

A  follow-on  second  phase  will  be 
negotiated  for  a  detailed  comparative 
analysis  of  each  promising  launch  con- 

cept, including  cost  of  construction  and 
operation,  land  requirement,  transporta- 

tion, logistics,  construction  time  and  en- 
vironmental safety.  The  study  will  end 

in  mid-May,  1963. 
Nova  will  be  launched  from  a  land- 

based  station  at  Cape  Canaveral.  One 
well-removed  launch  control  center  will 
be  used  for  all  launch  pads. 

Both  "fixed"  and  "mobile"  concepts 
are  to  be  considered.  Under  the  "fixed" 
plan,  the  rocket  would  be  assembled, 
checked,  and  fired  from  the  launch  pad. 
The  "mobile"  plan  requires  that  the 
vehicle  be  assembled  and  checked  out 
in  a  vertical  assembly  building  and  trans- 

ported to  the  launch  site  in  ready 
condition. 

The  32  firms  are:  Aerojet  General; 
American  Machine  &  Foundry  Co.; 
Beech  Aircraft;  Bechtel  Corp.;  Boeing; 
Chrysler  Corp.;  Consolidated  Western 
Steel;  Cook  Technological  Center; 
Browne  Engineering;  Cal-Val  Research 
&  Development  Corp.;  Dames  &  Moore; 
Daniel  Mann,  Johnson  &  Mendelhall; 
Douglas;  Ford  Aeronutronic;  General 
Dynamics;  Kaiser  Engineering  Co.;  Mar- 

tin Marietta;  Maurice  Connel  &  Assoc.; 
National  Engineering  Science  Co.;  North 
American;  GE;  Ralph  M.  Parsons;  Rob- 

erts &  Shaeffer;  Siegler;  Sperry-Gyro- 
scope;  Northrop;  Rust  Engineering  Co.; 
Westinghouse  Electric  Co.;  Vitro;  Jack- 

son &  Moreland;  N.  W.  Kellogg  Co.; 
and  B.  K.  Instruments,  Inc.  8 

Soviet  Space  Fail* 
Six  unsuccessful  Soviet  attempts 

to  send  instrumented  space  probes  to 
Mars  or  Venus  were  disclosed  last 
week  by  the  U.S. 

The  Russian  failures  were  re- 
vealed by  NASA  Administrator 

James  Webb  in  response  to  a  letter 
from  the  chairmen  of  the  Senate  and 
House  Space  Committees,  Sen.  Rob- 

ert Kerr  (D-Okla.)  and  Rep.  George 
Miller  (D-Calif.). 

Four  of  the  failures  never  have 
been  announced  and  a  fifth  was 
passed  off  as  a  successful  orbital  at- 

tempt, Webb  revealed.  He  said  his 
information  was  obtained  from  "ap- 

propriate government  agencies." The  Soviets  employed  the  same 
procedure  as  the  U.S.  in  the  inter- 

planetary attempts:  launch  into  a 
parking  orbit  followed  by  ejection  on 
an  interplanetary  course.  The  U.S. 
announcement  said  the  Russians  used 
three  booster  stages  to  achieve  orbit 
and  a  fourth  for  ejection  into 
trajectory. 

"We  feel  it  is  about  time  for  the 

res  Are  Disclosed 

world  to  know  of  the  Russian  fail- 
ures," said  a  spokesman  for  the  Sen- 

ate Space  Committee. 
The  list  of  Soviet  failures: 
•  Oct.  10, 1960.  An  unannounced 

attempt  at  a  Mars  probe. 
•  Oct.  14,  1960.  With  Premier 

Khrushchev  at  the  U.N.,  a  second 
and  unannounced  Mars  probe  failed 
to  achieve  parking  orbit. 

•  Feb.  4,  1961.  A  Venus  probe 
was  placed  in  orbit  but  failed  to 
eject.  It  was  claimed  by  the  Soviets 
as  a  successful  orbiting  of  Sputnik 
VII. 

•  Feb.  12,  1961.  An  announced 
Venus  probe  achieved  interplanetary 
trajectory  but  its  radio  transmitter 
failed  at  4.5  million  mi. 

•  Aug.  25,  1962.  A  third  attempt 
at  a  Venus  probe  failed  to  eject  from 
orbit. 

•  Sept.  1,  1962.  The  fourth  at- 
tempt to  reach  Venus  failed  when  it 

did  not  eject  successfully  from  its 
parking  orbit.  8 
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Reduction  in  payload . 

Centaur  Redesign  Threatens  Surveyor 

Drop  in  lifting  capacity  may  also  snag 

weather  and  communication  satellite  programs 
by  Hal  Taylor 

NEW  DESIGN  recommendations 
are  cutting  down  the  payload  capability 
of  Centaur  and  forcing  other  extensive 
changes  in  the  liquid  hydrogen  upper- 
stage  vehicle. 

The  drop  in  lifting  capacity  is  so 
great  that  the  Surveyor  lunar  landing 
mission  is  in  jeopardy.  Also  likely  to  be 
affected  are  the  Mariner,  weather  and 
communication  satellite  programs. 

The  design  changes,  resulting  from 
a  re-evaluation  of  the  program  by 
NASA  scientists,  are  causing  sharp  in- 

creases in  vehicle  weight  and  a  resulting 
drop  in  booster  efficiency. 

Space  agency  officials  refused  to  say 
just  how  much,  but  one  official  declared 
that  "the  reduction  in  payload  is  enough 
to  scare  us.  There  is  a  good  possibility 
that  we  may  not  meet  the  Surveyor 
mission  requirements." 

One  solution  being  considered  calls 
for  the  use  of  a  new  first-stage  booster 
for  the  liquid  hydrogen  upper  stage. 
Under  the  proposal,  the  more  powerful 
Titan  II  would  replace  the  currently 
planned  Atlas. 

Another  alternative  would  be  to  re- 
duce the  weight  of  the  2100-lb.  Sur- 

veyor. This  might  cut  the  chances  of 
success  for  the  spacecraft  designed  to 
provide  the  first  detailed  information 
about  the  Moon  before  the  U.S.  manned 
lunar  landing  flights. 

The  recommended  changes  in  design 
are  the  result  of  a  technological  review 
of  the  Centaur  by  scientists  at  NASA 
headquarters  and  the  Marshall  Space 
Flight  Center. 

The  review  was  ordered  by  the 
House  Space  Committee  after  public 
hearings  to  determine  why  the  upper 
stage  program  was  18  months  late. 

The  committee  ordered  NASA  to 
report  back  by  Aug.  1  its  findings  on 
what  was  wrong  with  the  program  and 
how  it  could  be  accelerated.  The  report 
has  been  delayed  because  of  the  many 
recommended  design  changes.  NASA 
officials,  however,  have  informed  the 
committee  that  it  will  be  ready  before 
the  end  of  this  month. 

While  NASA  refused  to  discuss  the 
report  except  to  admit  the  loss  of  pay- 
load  capability,  informed  sources  report 
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it  will: 
•  Call  for  a  sharp  increase  in  Cen- 

taur funding  including  a  Fiscal  '64 
budget  request  of  about  $100  million — 
far  higher  than  earlier  estimates.  In  Fis- 

cal '63,  an  additional  S30  million  above 
the  $67  million  approved  by  Congress 
will  be  obtained  by  reprograming  funds 
from  other  space  agency  programs. 

•  Indicate  that  Centaur  will  not  be 
operational  until  mid-  or  late  1965,  two 
years  late. 

•  Reveal  that  in  order  to  increase 

its  payload  for  missions  calling  for 
22,300-mile-high  orbits,  the  Surveyor 
spacecraft's  propulsion  unit  will  be  used 
as  a  Centaur  second  stage.  It  will  pro- 

vide an  additional  1000  lbs.  of  payload. 
The  space  agency  has  decided  that 

Centaur,  despite  its  many  troubles,  is 
still  feasible.  While  other  industry  pro- 

posals for  upper  stages  have  been 
studied,  NASA  intends  to  push  ahead. 

There  will  be  further  delay  in 
the  second  launch  of  the  upper  stage, 
currently  scheduled  for  March,  1963.  n 

Mariner  Is  Set  on  Venus  Course 

SUCCESS  of  Mariner  II  was 
virtually  assured  following  a  mid- 
course  guidance  correction  which  will 
send  the  spacecraft  within  9000  miles 
of  Venus. 

Only  the  successful  transmission 
of  data  from  two  planetary  experi- 

ments stands  in  the  way  of  a  major 
U.S.  victory  over  Russia  in  the  space 
race.  This  will  be  attempted  on  Dec. 
14,  1962. 

The  vital  mid-course  maneuver 
was  executed  at  6:49  p.m.  EDT  Sept. 
4,  at  a  distance  of  1,492,500  miles — 
the  greatest  range  at  which  man  has 
ever  changed  the  trajectory  of  a 
spacecraft. 

At  that  time,  the  spacecraft  was 
traveling  at  6780  mph  on  a  course 
which  would  have  taken  it  233,000 
miles  from  the  planet. 

Three  coded  commands  were  sent 
to  the  spacecraft  and  stored  in  its 
command  and  control  system. 

The  first  ordered  the  spacecraft 
to  roll  9.33  degrees.  The  second 
command  ordered  a  pitch  maneuver 
of  139.85  degrees.  The  third  ordered 
the  spacecraft's  mid-course  correc- tion motor  to  bum  for  29  sec. 

As  soon  as  receipt  of  the  com- 
mands by  the  spacecraft  had  been 

verified,  an  "execute"  signal  was  sent 
by  the  Goldstone,  Calif,  tracking  sta- 

tion which  automatically  triggered 
the  whole  command  sequence  at  the 

specified  times. 
It  required  51  sec.  for  the  roll 

maneuver,  and  13  min.,  15  sec.  for 
the  pitch  maneuver.  The  pitch  ma- 

neuver turned  the  spacecraft  almost 
completely  around  so  that  the  brief 
29  sec.  motor  burn  served  as  a  retro- 
rocket  to  slow  the  spacecraft  by  69.5 
mph  to  make  the  course  correction. 

Mariner  still  faces  some  14  weeks 
of  space  flight  and  the  continuing  dan- 

gers of  temperature  extremes,  space 
radiation,  cosmic  dust  storms  and 
possible  collisions  with  meteorites. 

The  spacecraft  has  been  sending 
back  data  obtained  from  four  of  its 
experiments.  These  are  measuring 
the  planet's  magnetic  field,  charged 
particles,  cosmic  dust  and  solar 
plasma  in  space. 

Its  two  most  important  experi- 
ments— designed  to  provide  informa- 

tion on  the  planet's  temperature  and 
atmosphere — will  not  be  turned  on 
until  about  10  hours  before  planet 
encounter. 

The  first  Mariner  launch  July  22 
failed  when  an  erroneous  guidance 
signal  sent  its  Atlas  booster  off  course. 

W.  A.  Collier,  Asst.  Mariner 
Project  Manager  at  the  Jet  Propul- 

sion Laboratory,  said,  "This  has  been a  shot  in  the  arm  for  everybody  at 
the  lab,  and  I  believe  a  pretty  good 
shot  in  the  arm  for  the  whole 

country." 
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At  Seattle  meeting . 

Scientific  Leaders  Attack  DOD  Policy 

Cautious  approach  in  systems  development  hit  by  government 

and  industry  scientists;  NASA  policy  also  comes  under  fire 

by  Donald  Zylstra 

Seattle — Greater  industry  auton- 
omy in  research  and  development  effort 

may  still  be  the  speediest  route  to  opera- 
tional space  and  military  systems. 

This  was  the  view  expressed  at  last 
week's  National  Advanced  Technology 
Management  Conference  by  Lt.  Gen. 
Leslie  R.  Groves,  who  directed  the 
highly  successful  Manhattan  project  in 
World  War  II.  Dr.  Edward  Teller,  de- 

veloper of  the  H-bomb,  and  other  top 
scientists  in  government  and  industry 
joined  Groves  in  deploring  present  de- 

velopment effort. 
Their  comments  were  in  sharp  con- 

trast to  policies  espoused  by  DOD 
comptroller  Charles  J.  Hitch,  who  out- 

lined a  cautious  approach:  delaying 
orders  to  develop  new  systems  for  as 
long  as  possible. 

When  rigid  division  of  scientific 
effort  patterned  after  the  Manhattan 
program  has  been  followed,  it  has 
proved  equally  successful,  Groves  said, 
citing  the  success  of  Navy's  Polaris 
program. 

•  Saddle  sore — Capricious  changes 
in  priority  and  failure  to  grant  essential 
autonomy  to  program  directors  has 
wrecked  many  system  development  ef- 

forts in  Groves'  view.  Top  officials 
responsible  for  systems  development 
shouldn't  be  saddled  with  the  responsi- 

bility unless  it's  matched  by  comparable 
authority,  Groves  emphasized. 

Openly  critical  of  current  approaches 
to  development,  Groves  said:  "Lately 
new  philosophies  are  being  urged  on  us 
by  men  who  feel  management  experi- 

ence is  unnecessary.  They  feel  all  that's 
needed  are  just  a  few  bright  young  men, 
with  little  experience  except  as  students 
at  a  certain  top  university.  I  wouldn't 
meet  today's  qualifications.  I  was  a 
graduate  of  West  Point.  I  didn't  attend 
Harvard." 

Groves  deplored  growing  tendencies 
toward  empire  building  and  establish- 

ment of  new  agencies  to  direct  and 
guide  weapons  system  research  and  de- 

velopment. "We  never  tried  to  do  any- 

thing ourselves  that  an  established  in- 
dustrial firm,  university  or  other  existing 

agency  could  do  for  us — given  the 
proper  autonomy,  complete  control  and 
support,"  he  said.  "We  felt  we  needed 
to  get  research  projects  out  of  the  lab- 

oratories and  into  production  as  speedily 

as  possible." •  Trailing  Soviets  —  The  cautious 
approach  being  taken  by  the  Depart- ment of  Defense  and  NASA  in  their 
handling  of  space  programs  will  put 
the  United  States  even  farther  behind 
in  its  race  with  the  Soviets,  Teller  says. 
Teller  said  the  nation  must  "take 
chances"  to  assure  scientific  progress. 

A  nation  that  was  unquestionably 
the  most  powerful  on  earth  after  World 
War  II  because  it  possessed  the  atom 
bomb  and  other  potent  weapons  has  lost 
its  exclusive  position,  Teller  said.  "We led  in  military  strength,  wealth,  science 

and  technology  and  in  the  world's  ad- 
miration for  our  achievements,"  he 

noted.  "Now  the  only  safe  assumption 
is  that  we're  still  the  world's  wealthiest nation. 

"Whatever  the  reason  for  this  de- 
cline, the  present  situation  is  a  danger- 

ous one.  Now  that  many  countries  have 
access  to  fissionable  materials,  we  must 
excel  in  our  management  of  engineer- 

ing facilities  if  we  are  to  lead.  The  Man- 
hattan project  marked  the  first  time  the 

scientific  community  faced  'the  type  of 
reality  where  today's  theorizing  and  de- 

velopment will  be  next  year's  weapons 
or  space  system,  or  change  the  fate  of 
the  world  next  month.'  " 

Teller  emphasized  that  with  the  ad- 
vent of  the  A-bomb  development,  scien- 

tists who  had  habitually  considered  their 
ideas  their  own  were  forced  to  give 
them  up  "prematurely"  for  develop- 

ment. They  found  the  compartmenta- 
tion  of  the  A-bomb  effort  shocking  and 
abhorent.  Urgent  need  for  the  weapon 
system  forced  them  to  work  without 
their  customary  access  to  work  their 
colleagues  were  doing  in  related  areas 
of  the  same  program. 

Dr.  John  R.  Pierce,  director  of 
research  in  communication  principles 
for  Bell  Telephone  Laboratories,  found 
other  things  wrong  with  present  ap- 

proaches to  systems  development. 
"Really  new  things  are  generated  not 
from  needs,  but  from  possibilities," 
Pierce  insisted.  Early  research  demon- 

strating needed  breakthrough  or  the 
most  advanced  development  in  a  pro- 

posed system  must  precede  a  detailed, 

completely  functioning  design  where  it's feasible,  he  said.  In  citing  Echo  and 
Telstar  as  examples  of  this  approach, 
he  noted  that  inclusion  of  detailed  speci- 

fications and  complex  design  too  early 
may  lead  to  unwarranted  delay  or failures. 

Without  mentioning  it  by  name,  he 
implied  that  the  Advent  program  was 

such  a  case.  Procedures  in  the  Army's 
effort  in  this  instance  "did  indeed  lead 
to  a  satellite  program  of  great  cost  and 
magnitude  which  has  not  yet  involved 
the  launching  of  any  satellite,  and  has 
not  resulted  in  any  clear  advance  in  the 

arts  of  communication  of  space."  The reoriented  Advent  program  is  now  an 
Air  Force  responsibility  in  an  effort  to 
streamline  and  reduce  satellite  weight 
to  permit  launching  by  a  rocket  smaller 
than  the  failure-ridden  Centaur.  Pierce 
also  pleaded  for  more  autonomy  and 
less  interference  with  scientists,  once  a 
development  program  is  ordered. 

Hitch  in  his  advocacy  of  long,  de- 
tailed scrutiny  ahead  of  any  develop- 

ment order,  was  virtually  alone  among 
other  early  speakers  at  the  conference. 

"We  should  have  reasonable  confi- 
dence that  a  system,  even  if  technologi- 

cally successful,  will  justify  its  cost,"  he 
emphasized.  "We  want  to  plan  as  much 
as  possible  before  we  begin  spending 
money."  Only  where  an  urgent  need  and 
clear  prospect  of  a  sizeable  increase  in 
performance  is  apparent  is  any  more 
enterprising,  daring  development  ap- 

proach justified  in  Hitch's  view.  8 14 missiles  and  rockets,  September  10,  1962 



INDOOR  EXHIBITS  at  Farnborough  included  the  Bristol  Siddely 
PR-37  liquid-propellant  rocket  engine  designed  as  a  boost  motor 
for  the  Australian  Jandivik  pilotless  target  aircraft. 

OUTDOOR  EXHIBITS  included  the  de  Havilland  Red  Top, 
which  has  a  collision  course  interception  capability  and  will 
replace  RAF  and  Royal  Navy  fighters. 

Blue  Water  is  missing . . . 

Missile  Gap  Hits  Farnborough  Show 

BACs  Bloodhound  2,  Thunderbird  2  unveiled  for  public; 

both  have  improved  guidance  systems;  Vulcan  under  wraps 

Farnborough,  England — Signs  of 
the  British  government's  recent  missile 
contract  cancellations  were  much  in  evi- 

dence here  at  the  annual  exhibition 
of  the  Society  of  British  Aircraft  Con- 

structors. The  show's  Guided  Missile 
Park  appeared  half  empty  when  the 
show  opened  last  week,  and  a  promised 
Blue  Water  indoor  exhibit  was  not  to 
be  seen. 

The  exhibit  did  show  two  British 
Aircraft  Corp.  missiles  to  the  public 
for  the  first  time,  however.  They  are 
the  Bristol/ Ferranti  Bloodhound  2  and 
the  English  Electric  Thunderbird  2  sur- 

face-to-air missile  systems. 
Bloodhound  2  is  fitted  with  con- 

tinuous-wave radar  guidance,  but  is 
otherwise  much  like  Bloodhound  1,  now 
operational  with  units  in  Britain  and 
Australia.  Bloodhound  is  also  now  a  key 
weapon  of  air  defense  in  Sweden  and 
Switzerland. 

Thunderbird  2  also  has  new  guid- 
ance, as  well  as  improved  ramjets. 

Thunderbird  is  claimed  by  BAC  to 
have  been  considerably  improved  in 
low-level  performance,  range  and  speed 
as  well  as  killing  ability  and  resistance 
to  enemy  countermeasures. 

•  More  from  BAC — Among  BAC's 
other  prize  displays  were  Vigilant  and 
Malkara  antitank  weapons  and  the  Ariel 
satellite.  Inertial  Guidance  Europe,  a 

Paris  firm  owned  by  BAC  and  Minne- 
apolis-Honeywell, featured  gold-plated 

Centaur  equipment. 
A  feature  of  the  Hawker-Siddely 

Aviation  exhibit  was  a  full-scale  Whit- 
worth-Gloster  Seaslug,  the  Royal  Navy's 
ship-to-air  beam-riding  guided  weapon. 
Guidance  receiver  for  Seaslug  was  shown 
in  detail  at  the  cutaway  display  of  GEC 
Electronics,  Ltd.,  designer  of  the  guid- 

ance system. 
De  Havilland  Aircraft  Co.,  Ltd., 

showed  its  Firestreak  and  the  Red  Top 
that  will  replace  it  as  a  standard  weapon 
aboard  Navy  Sea  Vixen  fighters  and 
RAF  Lightnings.  The  two  infrared-hom- 

ing, air-to-air  missiles  were  shown  both 
on  stands  and  fitted  to  aircraft. 

•  Vulcan  under  wraps — The  only 
aircraft  to  which  the  press  was  denied 
close  access  was  an  Avro  Vulcan 
equipped  with  a  Blue  Steel  tactical  air- 
to-surface  missile.  Prime  reason  may  be 
Elliott-Automation,  Ltd.'s  inertial  navi- 

gation system  for  Blue  Steel's  stand-off bomb,  now  in  production  by  Elliott 
Brothers,  Ltd.,  under  contract  from  the 
Ministry  of  Aviation.  Reportedly  its 
Farnborough  display  was  allowed  only 
with  an  "all  covers  on"  stipulation. 

A  private  venture  by  Short  Brothers 
and  Harland,  Ltd.,  is  Tigercat — land- 
based,  vehicle-mounted  version  of  seacat 
— which  was  revealed  at  Farnborough. 

The  ship-to-air,  radio-command-guided 
Seacat  recently  passed  its  sea  trials  suc- 

cessfully. West  Germany,  Sweden,  Aus- 
tralia, and  New  Zealand  have  reportedly 

ordered  Seacat  batteries. 
Jindivik,  a  pilotless  target  craft  of 

Australian  design,  was  shown  at  one 
stand  while  its  small-boost  motor  was 
displayed  by  Bristol-Siddely  in  another area.  The  motor,  which  uses  hydrogen 
peroxide  and  kerosene  supplied  by  nitro- 

gen under  pressure,  has  a  170-lb.  maxi- mum thrust  at  take-off.  It  is  mounted 
under  the  Jindivik  fuselage,  with  pro- 
pellants  in  two  pods  below  the  wings. 

The  Ministry  of  Aviation  demon- 
strated its  liquid  propellant  mixture  ratio 

control  system,  presently  in  use  only  at 
the  Ministry's  Rocket  Propulsion  Estab- 

lishment, though  Spadeadam  is  expected 
to  have  the  system  soon. 

The  de  Havilland  Blue  Streak  again 
monopolized  the  Missile  Park  scene, 
this  year  partly  cut  away  to  show  inter- 

nal equipment  details.  Blue  Streak  has 
been  selected  for  the  European  Launch 
Vehicle  first  stage. 

Also  of  interest  was  Elliot-Automa- 
tion, Ltd.'s  VERDAN  D.9.D.  airborne 

digital  computer,  now  in  production. 
The  D.9.D.  may  replace  large  complexes 
of  analog  equipment  for  certain  appli- 

cations. It  has  been  designed  with 
ability  to  communicate  with  other  com- 

puters and  computing  systems.  8 
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In  Gilpatric  speech . . . 

Military  Space  Move 

Left  to  Russians 

DEPUTY  SECRETARY  of  Defense 
Roswell  Gilpatric  last  week  reasserted 
U.S.  intentions  to  exploit  space  for 
peaceful  purposes  only  and  left  any 
extension  of  the  arms  race  into  space 
squarely  up  to  the  Soviet  Union. 

"We  have  no  program  to  place  any 
weapons  of  mass  destruction  into  orbit," Gilpatric  told  a  meeting  of  Midwest 
industry  and  university  representatives 
in  South  Bend,  Ind.  He  departed  from 
the  topic  of  his  speech  to  make  what 
obviously  was  a  major  policy  announce- 
ment. 

"An  arms  race  in  space  will  not  con- 

tribute to  our  security,"  he  asserted.  "I can  think  of  no  greater  stimulus  for  a 
Soviet  thermonuclear  arms  effort  in 
space  than  a  U.S.  commitment  to  such 
a  program.  This  we  will  not  do. 

•  Defense  paramount — "We  will  of 
course  take  such  steps  as  are  necessary 
to  defend  ourselves  and  our  allies,  /'/ 
the  Soviet  Union  forces  us  to  do  so." (Italics  added.) 

In  what  appeared  to  be  a  direct  ap- 
peal to  the  Soviets  to  restrict  the  arms 

race  to  Earth,  Gilpatric  said  that  the 
U.S.  believes  "it  is  highly  desirable  for 
its  own  security  and  for  the  security  of 

the  world  that  the  arms  race  should 
not  be  extended  into  outer  space,  and 
we  are  seeking  in  every  feasible  way  to 
achieve  that  purpose. 

"Today  there  is  no  doubt,"  he  noted, 
"that  either  the  United  States  or  the 
Soviet  Union  could  place  thermonuclear 
weapons  in  orbit,  but  such  an  action  is 
just  not  a  rational  military  strategy  for 
either  side  for  the  foreseeable  future." 

(Air  Force  officials,  testifying  before 

Congressional  committees  on  the  FY  '63 budget,  have  indicated  that  the  Soviets 
may  be  pursuing  development  of  orbital 
weapons.  The  source  of  this  intelligence 
is  at  best  hazy  and  appears  to  center 
around  Premier  Khrushchev's  boast  of 
a  "global  rocket".) 

Gilpatric  stressed  that  the  U.S.  fully 
supports  the  resolution  unanimously 
adopted  by  the  United  Nations  Dec.  20, 
1961  for  the  peaceful  development  of 

space. •  Reiterating  U.N.  stand  —  Spon- 
sored by  the  U.S.,  the  resolution  recog- 
nizes the  interests  of  mankind  in  the 

peaceful  uses  of  space  and  expresses  the 
belief  that  space  should  be  used  only  for 
the  betterment  of  mankind.  It  also  estab- 

lishes the  principal  that  space  and  celes- 
tial bodies  are  free  for  exploration  and 

use  by  all  nations  and  not  subject  to 
expropriation  by  any  nation. 

"We  see  no  reason  to  change  our 
position  about  this  resolution,"  Gilpatric asserted. 

The  plea  for  restraint  in  space  weap- 
onry was  so  obvious  a  digression  from 

Gilpatric's  speech  on  "Research  and  De- 
velopment as  a  Factor  in  Defense  Pro- 
curement" that  it  could  only  reflect  the desire  of  Defense  officials  to  use  the  first 

available  platform  to  inform  the  Soviet 
Union  of  our  military  space  intentions. 
It  also  reflects  the  Administration's  de- 

sire to  check  the  accelerating  arms  race 
and  to  introduce  a  modicum  of  stability 

into  the  "balance  of  terror." 
In  line  with  this,  Gilpatric  outlined 

the  two  main  objectives  of  the  "active 
and  extensive"  U.S.  military  space  pro- 

gram: 

—To  ensure  that  the  United  States 
will  be  able  to  cope  with  any  military 

challenge  in  outer  space.  "Our  programs 
in  this  area  are  under  constant  review, 
and  this  review  indicates  that  our  pres- 

ent rate  of  effort  is  entirely  adequate." 
—To  actively  explore,  along  with 

NASA,  the  potentialities  of  outer  space 
as  a  useful  part  of  our  expanding  uni- 

verse, particularly  in  the  fields  of  com- 
munications, navigation,  meteorology, 

mapping  and  geodesy. 
These  programs,  Gilpatric  pointed 

out,  "have  great  significance  not  only 
for  our  military  forces  but  for  the  eco- 

nomic and  scientific  advance  of  the 

United  States  and  of  the  whole  world."  8 

Vostok  Paths  Over  North  America 

THE  POTENTIAL  THREAT  to  North  America  inherent  in  Soviet  manned  orbital 
flights  is  starkly  portrayed  in  this  unique  drawing  charting  the  paths  of  Vostoks  111  and 
IV.  Chart  was  prepared  by  NORAD's  space  detection  and  tracking  system,  NORAD 
officials  said  that  if  Cosmonauts  Nikolayev  and  Popovich  had  carried  launchable  war- 

heads, they  could  have  zeroed  in  on  any  point  in  the  U.S.  or  Canada. 
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Modified  T-38  .  . 

Northrop  Proposes  Space  Trainer 

by  Willard  E.  Wilks 

NORTHROP  CORP.'S  entry  in  the 
space-trainer  competition  informally 
sponsored  by  the  Air  Force  Aerospace 
Research  Pilot  School  may  be  a  modi- 

fied T-38 — outfitted  with  rocket  engines 
instead  of  jets  to  enable  it  to  reach 
a  height  of  50  mi. 

The  company's  Norair  Div.  revealed 
last  week  that  wind-tunnel  tests  in  sup- 

port of  the  project  are  due  to  start  this 
month. 

Northrop  thus  joins  several  other 
major  aerospace  concerns  submitting 
proposals  to  the  Edwards  AFB,  Calif., 
school  (M/R,  Sept.  3,  p.  12). 

•  Upgrading  the  T-38 — A  new  en- 
gineering study  shows  that  a  T-38  space- 

trainer  can  be  sent  to  at  least  250,000 
ft.,  according  to  W.  E.  Reese,  Norair 
chief,  advanced  aircraft  group,  market- 

ing. He  said  this  is  considerably  higher 
than  proposed  in  a  company  study  com- 

pleted several  years  ago. 
Reese  added  that  the  new  craft 

would  retain  more  than  90%  of  the 
T-38's  basic  structure. 

In  response  to  Air  Force  requests, 
the  company  is  trying  to  squeeze  an 
additional  14,000  ft.  out  of  the  trainer — 
designated  N-205B — to  bring  it  to  50 
mi.  This  would  qualify  the  craft  as  a 
training  vehicle  for  astronauts — a  prime 
selling  point  to  the  Aerospace  Research 
Pilot  School. 

While  Norair  released  no  cost  esti- 
mates, company  spokesmen  with  an  eye 

on  North  American's  STX-15  study, 
said  the  N-205B — "will  provide  the 
most  reasonable  space-trainer  available, 
permitting  actual  space-flight  training 
without  going  into  an  expensive  space 
vehicle." 

Whether  N-205B  altitude  could  be 
stretched  to  50  mi.  depends  mainly  on 
the  rocket  powerplants  that  would  re- 

place the  T-38's  jet  engines — "whether 
we  can  attain  high  enough  specific  im- 

pulse so  we  can  cut  weight,"  Reese  said. 
The  Norair  study  is  evaluating  a  variety 
of  rocket  engines — liquid,  hybrid  and 
solid  —  demonstrated  by  Aerojet-Gen- 

eral, Bell  Aerosystems,  Rocketdyne  and 
Thiokol. 

Best  approach  so  far  appears  to  be 
hypergolic  liquid,  but  hybrids  are  re- 

ceiving serious  consideration.  "A  recent 
hybrid  evaluation  looks  very  good,"  a 
spokesman  said,  "in  some  ways,  per- 

haps, better  than  liquid." 
•  Performance  —  Total  thrust  re- 

quirement for  the  N-205B  is  30,000  lbs. 
with  fuel  burnout  at  90  sec.  Norair  is 
undecided  whether  two  or  three  engines 
will  be  proposed.  The  earlier  study  rec- 

ommended three  liquid  rockets. 
Gross  takeoff  weight — with  takeoff 

in  the  conventional  manner  as  opposed 
to  the  70°  launch  from  an  erector  as 
proposed  earlier  —  would  run  about 
20,000  lbs.  (compared  to  11,680  for  the 
T-38).  Landing  weight  would  be  about 
the  same  as  the  T-38's. 

Speed  would  be  Mach  3 -plus.  Higher 
speeds  would  require  use  of  steel,  at 
least  in  the  leading  edges;  Norair  wants 
to  avoid  this  to  keep  cost  as  reasonable 
as  possible. 

As  long  as  speed  is  held  down,  the 
T-38's  aluminum  skin  should  be  ade- 

quate even  for  re-entry  from  50  mi., 
Reese  said.  "Main  objectives  are  to  pro- 

vide practice  with  reaction  controls  and 
re-entry  training,"  he  noted. 

•  Materials  —  A  computer  study 
program  currently  under  way  shows  cer- 

tain portions  of  the  N-205B  would  heat 
to  474°  F  for  very  limited  periods,  and 
use  of  steel  would  be  unnecessary.  A 
2500-hour  computer  flight  showed  no 
appreciable  structural  degradation, 
Reese  reported. 

While  the  N-205B  would  involve  no 

major  material  changes  over  the  T-38, 
a  different  bonding  agent  would  be 
necessary  for  the  honeycomb  structure 
of  the  control  areas  and  landing  gear 

doors,  according  to  Norair.  Heat-resist- 
ant glass  would  be  substituted  for  plastic 

in  the  canopy,  which  probably  would 
not  be  full-vision. 

Cockpit  would  be  conditioned  and 
pressurized  at  five  psi,  with  pilot  wear- 

ing a  pressure  suit.  Cabin  temperature 
would  be  maintained  below  100°F. 

Forthcoming  empennage  wind-tun- 
nel tests  will  provide  data  for  re-design 

of  the  large  ventral  fin  included  in  Nor- 
air's  earlier  study.  With  the  N-205B 
utilizing  conventional  takeoff  to  gain 
higher  altitude,  the  fin  would  have  to 
be  eliminated  or  folded. 

Northrop,  with  considerable  experi- 
ence in  past  high-speed  sled  programs, 

favors  conventional  takeoff  over  sled 
launch  as  the  most  desirable  for  both 
safety  and  training  reasons.  This  is  op- 

posed to  North  American  Aviation's STX-15  plan,  which  proposes  sled 
launch  among  others.  "Sled  launch  is 
too  dangerous  if  anything  goes,  if  there's 
a  tiny  kink  in  the  rails,"  a  spokesman 
said. 

Completion  of  Norair's  N-205B 
study  is  expected  by  mid-October.  S 

Novel  Recovery  System  for  Space  Boosters 

DOUGLAS  SCIENTISTS  have 
proposed  a  novel  recovery  system 
for  space  boosters — ROOST,  an  acro- 

nym for  Reusable  One-Stage  Orbital 
Space  Truck.  After  payload  sepa- 

rates from  booster,  left-over  liquid 
hydrogen  fuel  inflates  two  huge  heat- 

resistant  Goodyear  fabric  bags,  form- 
ing for  the  booster  a  conical  protec- tective  structure  able  to  withstand 

1800°F.  Blunt-nose  design  limits 
maximum  re-entry  temperature  to  an 
expected  maximum  1500°F;  air  re- sistance settles  load  onto  Earth  at 
calculated  one  mph. 
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Inflatable  micromeleoroid  paraglider  (IMP)  in  Langley  tunnel. 

Inflatable  paraglider . . . 

IMP  Flight  Tests  Start  in  Mid -1963 

NASA  will  use  Aerobee  rocket  to  launch  research  vehicles 

in  experiments  to  study  micrometeorite  particles 

NASA  PLANS  a  series  of  flights 
with  an  inflatable  paraglider  to  deter- 

mine its  re-entry  characteristics  and  to 
measure  the  size  of  micrometeorite  par- 

ticles in  space. 
First  flight  in  the  series  is  scheduled 

for  mid-1963.  The  second  flight  will 
follow  shortly  after. 

Space  agency  officials  also  disclosed 
that  the  feasibility  of  a  similar  "Rogallo" 
wing  for  use  on  the  Gemini  spacecraft 
had  been  proved  in  a  series  of  tests  at 
Edwards  Air  Force  Base.  The  favorable 
report  of  NASA  scientists  followed  more 
than  50  flight  tests  with  a  piloted  "Ro- 
gallo"-winged  glider. 

•  Mercury  application — The  NASA- 
built  vehicle  was  towed  to  a  height  of 
5000  ft.  by  a  light  aircraft,  then  released 
and  brought  to  "spot"  landings  by  a  re- 

search pilot.  Officials  said  the  tests  will 
continue  and  Project  Mercury  astro- 

nauts may  make  training  flights  on  the 
glider. 

Flight  tests  with  the  inflatable  para- 
glider will  be  made  at  much  higher  alti- 
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tudes  in  high-speed  tests  designed  to 
provide  further  data  for  use  in  the  U.S. 
manned  lunar  landing  program. 

The  paraglider  will  be  launched  by 
an  Aerobee  research  rocket  from  White 
Sands  Proving  Grounds,  New  Mexico, 
to  a  height  of  700,000  ft.  It  will  then 
descend  to  earth  at  a  speed  of  Mach  5. 
Its  re-entry  path  will  be  almost  straight 
down — at  an  angle  of  82  degrees.  The 
inflated  paraglider  will  be  14  ft.  long 
with  a  span  of  18  ft.  It  will  weigh  170 
lbs.  during  launch  and  85  lbs.  during re-entry. 

Prime  contractor  for  the  program 
is  the  Aerospace  Division  of  Aerojet- 
General.  B.  F.  Goodrich  Co.  built  the 
paragliders.  Overall  direction  is  being 
handled  by  NASA's  Langley  Research Center. 

The  flights  are  designed  to  provide 
information  on  frequency  and  size  of 
micrometeoroid  particles  in  space  and 
to  allow  post-flight  laboratory  study  of 
craters  formed  by  such  particles. 

Design  details  indicate  full-scale 

flight  vehicle  will  have  an  inflatable 
frame.  A  flexible  membrane  between  the 
frame  and  the  suspended  payload  is  to 
consist  of  the  paraglider  inflation  system 
and  the  necessary  telemetry  instrumen- 

tation to  relay  micrometeoroid  penetra- 
tion data  to  ground  tracking  stations. 

The  membrane  will  be  made  of  a 
special  lamination  of  plastic  and  metal 
arranged  to  act  as  a  condenser  that  will 
be  discharged  due  to  ionization  when 
struck  by  a  micrometeoroid. 

The  Aerobee  rocket  will  carry  the 
compactly  packaged  paraglider  to  an 
altitude  of  about  200,000  feet,  where  it 
will  be  ejected  and  inflated  and  will 
ascend  to  about  700,000  feet. 

The  experiment  will  check  out  a 
unique  capacitance-type  sensor  system 
consisting  of  alternate  layers  of  Mylar 
plastic  and  aluminum  sheet,  which  will 
be  attached  to  the  paraglider  wing  mem- 

branes; penetration  by  micrometeoroids 
would  momentarily  ionize  the  alumi- 

num, thus  creating  a  telemetry  signal.  8 
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ENGINEERS—  PUT    YOUR   IDEAS    TO  WORK 

at  FMC  ORDNANCE! 

THE  CHALLENGE:  To  transport  heavy  cargoes  of  troops  and  supplies  swiftly  from 
ship  to  shore  and  across  the  beach  and  on  to  inland  supply  points,  avoiding  unloading 
and  reloading  in  the  exposed  shoreline  area. 

THE  ANSWER:  Working  under  U.S.  Navy  contracts,  FMC  engineers  are  now  devel- 
oping two  specialized  amphibious  vehicles  —  the  LCA  (Landing  Craft  Assault) ,  and  the 

LVH  (Landing  Vehicle  Hydrofoil) .  Both  projects  are  typical  of  the  many  FMC  Ordnance 
Division  programs  that  are  creating  unusual  career  opportunities  for  skilled,  imaginative 
engineers.  Interested?  See  below. 

For  details  on  employment  opportu- 
nities, write  Mr.  George  A.  Reynolds, 

Manager  of  Development  Engineer- 
ing, FMC  Ordnance  Division,  P.O. 

Box  367,  San  Jose,  Calif.  Include 
resume  of  background  and  profes- 

sional qualifications. 

FMC  CORPORATION 

ORDNANCE  DIVISION 

'®     San  Jose,  California  •  Charleston,  West  Virginia 
PUTTING   IDEAS    TO    WORK  FOR  NATIONAL  DEFENSE 
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EAn  idea  in  the  mind  of  man...  that's  where  every 
X  P)  O  ff^  achievement  in  the  world  begins.  Peer  into  the  minds 

r    ̂   of  Lockheed  Scientists  and  Engineers.  There  you  see 
j  ideas  in  the  making  — ideas  that  some  day  will  take  on 

form  and  substance.  Not  all,  of  course.  Some  are  too 

ii  i  "far  out."  But,  no  matter  how  visionary,  all  ideas 

tr)6   Srl6.pG  win  serious  attention. 
j-  As  a  result,  this  freedom  of  imagination  has  led  to 

(~)T  many  distinguished  accomplishments  at  Lockheed.  And 
the  future  holds  still  more.  For,  among  Lockheed's 

f  hi  nriQ  O  Pn  O  ever-expanding  programs  are:  Spacecraft;  Satellites; LI  III  IL)  O    LKJ   UUI  I  It-  Man-in:Space  Studies;  Hypersonic  Manned  Aircraft; 
Advanced  Helicopter  Design;  Sophisticated  ASW 
and  Ocean  Systems. 

Scientists  and  Engineers  who  thrive  in  an  atmosphere  of  freedom;  whose  creative  processes  flourish  through 
exchange  of  ideas;  who  relish  exploring  the  unexplored— to  such  men  we  say:  Lockheed  has  a  place 
for  you.  For  example:  In  Human  Factors;  Electronics  Research;  Thermodynamics;  Guidance  and  Control;  Stress; 
Servosystems;  Reliability;  Dynamics;  Manufacturing  Engineering;  Astrophysics;  Astrodynamics;  Advanced 
Systems  Planning;  RF  Equipment  Engineering;  Bioastronautics  and  Space  Medicine;  Weapons  Effects; 
Aerophysics;  Digital  Communications;  Antennas  and  Propagation  Engineering;  Tracking,  Telemetry  and  Command 
Engineering;  Communications  Analysis.  Send  resume  to:  Mr.  E.  W.  Des  Lauriers,  Manager  Professional 
Placement  Staff,  Dept.  1709,  2404  N.  Hollywood  Way,  Burbank,  California.  An  equal  opportunity  employer. 

LOCKHEED 
CALIFORNIA  COMPANY 
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Technical  Countdown 

ADVANCED  MATERIALS 

Aeronutronic  Investigates  Cooled  Nozzles 

Feasibility  of  an  advanced  design  for  cooled  rocket  noz- 
zles will  be  studied  by  Ford  Aeronutronic  under  a  $428,799 

Air  Force  contract.  The  effects  of  two-phase  flow  on  the  per- 
formance of  high-expansion-ratio  nozzles  will  be  covered  in 

the  three-phase  program.  The  14-month  contract  involves 
theory,  lab  studies  and  full  scale  systems,  in  that  order.  The 
nozzles  will  be  applicable  to  extremely  high  altitudes  or 
space  functions. 

Porous  Tungsten  Poses  Test  Problems 
The  Navy  is  searching  out  ultrasonic  test  techniques  for 

tungsten  nozzle  parts.  The  problem  lies  with  those  porous 
bodies  infiltrated  with  lower-melting  alloys — how  to  detect 
the  uninfiltrated  areas.  Totally  uninfiltrated  billets  cannot  be 
ultrasonically  tested  unless  wrapped  with  tape  to  prevent 
contamination.  Infiltrated  bodies  are  less  bothersome.  But  the 
interpretation  of  ultrasonic  information  is  difficult.  The  first 
step  is  a  comparison  of  both  ultrasonic  and  radiographic 
tests,  but  interpretation  awaits  billet  cutting.  Both  methods 
agreed  in  the  location  of  faults. 

Metal-Laminated  Teflon  Bladders  Developed 
A  new  process  for  producing  metal-laminated  Teflon  pro- 

pellant  bladders,  which  results  in  substantial  reduction  in 
permeability  over  previous  Teflon  bladders,  is  on  stream  at 
Dilectrix  Corp.  The  laminates,  DiMetLons,  also  reach  the 
highest  tensile  strengths  in  Teflon.  A  built-in  modulated  con- 

struction permits  a  predetermined  collapsing  pattern  syn- 
chronized to  the  depletion  of  fuel  carried  by  the  bladder. 

Company  officials  credit  this  with  a  more  precise  response  to 
propellant  ejection  commands  and  a  relief  from  random 
flex  stresses. 

Polyester  Tapes  Withstand  Radiation 
Radiation  dosage  required  to  cause  detrimental  effects  to 

polyester-backed  magnetic  tapes  exceed  200,000  times  that 
termed  50%  lethal  human  dosage,  say  engineers  at  Minne- 

sota Mining  and  Manufacturing  Co.  The  lethal  human 
dosage  refers  to  the  amount  of  radiation  necessary  to  pro- 

duce death  in  50%  of  a  population.  Early  effects  of  neutron 
damage  would  be  limited  to  activation  of  iron  in  the  mag- 

netic coating,  but  it  is  theorized  that  this  would  not  produce 
a  change  in  the  overall  magnetic  properties  of  the  iron  oxide. 
Physical  damage  begins  to  appear  after  the  dosage  exceeds 
50  megareps. 

Russians  Study  Explosive  Welding 
Solid-state  welding  of  metals  by  the  pressures  exerted 

through  explosions  are  being  investigated  by  the  Institute  of 
Hydrodynamics  of  the  Siberian  Department,  Academy  of 
Sciences,  USSR.  Steel-to-steel,  copper-to-copper,  titanium 
alloy-to-itself,  copper  and  aluminum  welds  have  been  suc- 

cessful. Loose  trimethylenetrinitramine  produced  the  best 
results  but  exact  positioning  techniques  had  to  be  used. 

PROPULSION 

Los  Alamos  Updates  Wurlitzer 

A  converted  200-selection  Wurlitzer  jukebox  is  in  use  at 
Los  Alamos  Scientific  Laboratory  for  studies  of  Kiwi  reactor 
cores.  Termed  an  "automatic  foil  changer"  the  machine  uses 
100  steel  discs  the  size  of  45  rpm  records  with  a  small  special 

foil  in  each  disc's  center.  The  foils,  containing  U235,  pre- 
viously have  been  placed  at  points  around  a  Kiwi  reactor 

and  exposed  to  neutrons  in  the  core.  This  causes  the  uranium 
in  the  foil  to  emit  radiation,  including  gamma  rays,  which 
may  be  counted — determining  the  number  of  neutrons  strik- 

ing the  foil  during  a  run.  The  jukebox  has  also  been  adapted 
to  punched-tape  programing,  eliminating  the  need  for  an 
operator  to  punch  buttons  for  each  "selection."  Some  modi- fications were  made  by  Wurlitzer  with  LASL  installing  the 
counter.  Foil  formerly  was  counted  manually,  one  at  a  time. 

ELECTRONICS 

Computer  Malfunction  Analyzer  Perfected 
Martin/  Orlando  engineers  have  developed  an  electronic 

fault-isolation  device  capable  of  tracing  computer  malfunc- 
tions down  to  the  gate  and  wire  level  without  the  use  of 

oscilloscopes  and  meters.  The  equipment  isolates  malfunction 
causes  in  a  matter  of  seconds  and  can  be  operated  by  "anyone 
who  can  read  and  push  four  buttons."  The  dynamic  com- 

puter chassis  analyzer  (MARCOMP)  can  check  an  entire 
chassis  in  15  to  45  sec.  The  method  eliminates  the  ever- 
present  marginal  performance  failure  possibility  associated 
with  manual  trouble-shooting.  Manually-checked  chassis  re- 

sult in  the  failed  component  being  repaired,  but  marginal 
components  are  usually  missed.  Martin  has  no  immediate 
plans  to  market  the  analyzer,  though  an  improved  model  is 
under  consideration  for  use  in  certain  military  applications. 

GE  Centralizes  Advanced  Tech  Services 

A  corporate-level  Advanced  Technology  Services  group 
will  operate  GE's  General  Engineering  Labs  and  provide 
technical  support  for  the  entire  company.  Dr.  George  L. 
Haller,  general  manager  of  the  Defense  Electronics  Division, 
will  head  the  technology  organization.  The  operation  re- 

portedly will  be  funded  on  a  division  assessment  basis  rather 
than  permitting  the  divisions  to  "buy"  the  service  at  their 
own  discretion.  Haller  will  join  GE's  senior  management 
body.  A  new  command  systems  division  has  been  set  up 
consisting  of  four  operations  taken  from  the  defense  elec- 

tronics division — defense  systems,  military  communications, 
electronics  laboratory  and  lunar  mission  support  program. 
R.  L.  Shetler,  former  general  manager  of  the  defense  systems 
department,  heads  the  command  systems  division. 

High  Temperature  Strain  Gage  Patented 
Ilikon  Corp.  has  been  issued  a  patent  on  its  ultra-high- 

temperature  strain  gage — a  device  capable  of  measuring 
stresses  and  strains  up  to  3000°F.  All  the  firm's  original 
claims  were  allowed  by  the  Patent  Office.  Ilikon  intends  to 
license  the  product  while  continuing  with  its  own  strain 
gage  development  and  marketing  programs. 

SPACE  POWER 

Coo!  MHD  Process  Developed 
General  Electric  scientists  are  utilizing  the  magnetic  field 

in  an  MHD  generator  to  produce  free  electrons  without  the 
need  for  extremely  high  temperatures.  The  GE  solution  is 
based  on  the  fact  that  when  an  electric  current  flows  in  a  gas 

the  few  already-present  electrons  get  "hotter"  than  the  gas 
itself.  By  adjusting  gas  composition  and  the  magnetic  field, 
the  electrons  can  be  made  hot  enough  to  create  ionization  of 
a  suitable  additive  gas  without  external  heat  additions.  Simu- 

lated experiments  have  confirmed  the  discovery. 
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by  Fair  child  Stratos  .  .  . 

Steam  Rocket  Successfully  Tested 

Studies  of  single-stage  vehicle  indicate 
it  can  lift  small  load  to  40-mi.  altitude 

by  John  F.  Judge 

FAIRCHILD  STRATOS  CORP.  is 
moving  into  the  sounding  rocket  market 
with  an  economical  water/solid  fuel 
propulsion  concept  in  the  100  sec.  Isp 
range — an  area  covering  a  multitude  of 
small  rocket  missions. 

A  series  of  test  firings  has  demon- 
strated both  feasibility  and  repeatability. 

Preliminary  studies  by  the  firm  indi- 
cate single-stage  steam  rocket  configura- 

tions capable  of  lifting  12  lbs.  to  an 
altitude  of  40  mi.  would  cost  less  than 
$600  per  rocket  on  a  1000-lot  produc- 

tion basis.  A  two-stage  unit  would  cost 
around  $1600  on  the  same  production 
scale  and  carry  25  lbs.  to  440,000  ft. 

Current  sounding  rockets  using  other 
propulsion  systems  covering  the  same 
mission  requirements  cost  $1100  for  a 
single-stage  vehicle  and  in  the  $6000 
area  for  two  stages. 

Fairchild  arrived  at  the  cost  figures 
through  derivations  from  mass  flows, 
density  and  temperature  characteristics 
of  the  steam  rocket  to  predict  thrust, 
burning  times,  total  and  specific  im- 

pulses. This  computing  process  was 
verified  by  an  outside  consultant.  A 
computation  method  for  vertical  trajec- 

tory was  developed  and  preliminary  con- 
figurations were  established  from  it. 

In  operation,  a  water-steam  reaction 
chamber  is  filled  with  heat-saturated 
water  at  elevated  pressures — 635°F  and 
2000  psi.  A  solid  propellant  mounted 
around  a  standpipe  within  the  chamber 
is  ignited,  and  the  hot  gas  produced  is 
allowed  to  pass  through  the  water,  trans- 

ferring heat.  The  generated  steam  passes 
down  the  inside  of  the  standpipe  and 
expands  against  a  nozzle,  producing 
thrust. 

•  Thermal  push — Since  the  water 
is  already  heated,  the  solid-propellant 
gases  serve  to  supply  the  heat  of  va- 

porization, eliminating  one  of  the  draw- 
backs of  other  steam-based  concepts.  In 

the  Fairchild  design,  none  of  the  heat 
in  the  water  is  "borrowed"  for  the  steam 
conversion  process. 

The  test  series  consisted  of  eight 
steam-only  blowdowns  with  the  appa- 

ratus and  two  firings  with  the  solid  pro- 
pellant system.  As  conducted,  the  tests 

demonstrated  only  the  operation  of  the 
concept,  and  did  not  supply  quantitative 
data.  I.  Sheldon  Haas,  advanced  pro- 

grams manager,  says  additional  tests  and 
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other  experimental  work  is  necessary  to 
establish  design  criteria. 

The  prime  problem  area  is  heat 
transfer — the  mechanism  by  which  the 
solid-propellant  exhaust  gases  pass 
through  and  heat  the  water.  This  must 
be  known  to  facilitate  design  of  the 
exhaust  gas  distribution  system  and 
model  scaling. 

Basic  to  this  is  the  flow  mechanism 
resulting  from  the  introduction  of  com- 

bustion gases  into  the  hot  water  column. 
Haas  and  his  associates  have  found  the 
operating  regime  of  the  steam  rocket 
beyond  existing  data  on  two-phase  flow. The  effect  of  condensation  shock  on 
nozzle  efficiency  and  the  location  and 
strength  of  the  shock  in  the  nozzle  exit 
remain  to  be  clarified.  The  nozzle  itself 
is  relatively  simple  and  cheap  in  terms 
of  materials  and  fabrication — aluminum 
or  molded  plastics  perform  more  than 
adequately. 

•  Solid  fuel  problematical — Which 
solid  fuel  to  use  poses  a  third  serious 
question.  Liquid  fuels,  with  their  high 
heating  capacity,  complexity  and  cost, 
must  be  compared  with  the  solids.  But 
the  basic  choice  rests  with  that  propel- 

lant which  provides  an  optimum  com- 
bination of  high  burning  temperature, 

maximum  gaseous  products  and  high 

gas  specific  heat. Some  experimental  work  is  neces- 
sary to  obtain  data  in  these  areas,  and 

specific  programs  have  been  outlined  by 
Haas.  These  problem  areas  are  only 

part  of  w  hat  Haas  calls  "Phase  I."  Other sections  cover  parametric  studies  in  the 
relationships  between  propulsion  param- 

eters and  aerodynamic  characteristics. 
Mission  design  studies  form  a  third 

part  of  the  initial  development  steps  to- 
ward production  steam  rockets.  Fair- 

child's  planning  scheme  calls  for  an 
approved  program  plan  available  20 
weeks  after  initiation  of  Phase  I  and 
leading  into  the  development  and  fabri- 

cation of  a  single-stage  steam-powered 
sounding  rocket  sized  for  a  particular mission. 

The  rocket  itself  would  probably 
consist  of  a  filament-wound  glass  fiber 
case  designed  to  hold  2000  psi  water 
at  650°F,  a  simple  aluminum  or  molded 
reinforced  plastic  nozzle,  and  a  stand- 
pipe — concentric  with  the  case  and  lead- 

ing from  the  top  to  the  nozzle,  insuring 

HORIZONTAL  EXHAUST  method  simplified  the  test  apparatus  design  during  steam 
rocket  firings.  The  water  was  heated  in  the  unit  with  fuel  contained  in  heavy  walled 
structure  at  base  of  pressure  vessel. 
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THRUST-TIME  histories  show  a  drop  from  predicted  level  in  the  steam /propellant  firings.  Predicted  line  assumed  all  heat  from  the 
propellant  going  to  the  water-steam  conversion.  In  the  first  two  firings,  propellant  heat  actually  went  to  raise  water  temperature  to 
the  boiling  point.  Even  with  these  and  other  losses,  both  runs  came  within  12%  of  the  total  impulse  of  the  propellant-only  and 
steam-only  curves  together.  Fairchild  is  confident  these  initial  losses  can  be  corrected  through  design. 

a  maximum  water-steam  conversion  be- 
fore nozzle  ejection.  All  these  are  inex- 

pensive. 
Final  materials  selection  depends  on 

results  of  the  first  phase  studies,  but 
preliminary  work  provides  some  ground 
for  reasonable  assumptions. 

The  glass  filament-wound  motor 
case  approach  appeals  to  Fairchild  for 
a  number  of  reasons.  Strength-to-weight 

ROCKET  PP0PULSI0H  SYSTEM  COMPONENTS 

characteristics  are  equal  or  better  than 
those  of  the  best  high-strength  steel  and 
titanium  alloys.  Notch  sensitivity  is 
eliminated. 

In  addition,  the  fabrication  costs  of 
both  metals  are  high,  and  the  raw 
material  cost  of  titanium  has  its  disad- 

vantages. The  structure  must  be  a  good 
thermal  insulator  and  the  low  conduc- 

tivity of  glass-epoxy  combinations  fits 
this  requirement  perfectly. 

Wet-strength  problems  associated 
with  filament-wound  glass  fiber  struc- 

tures present  no  difficulties  since  a  butyl 
or  buna  rubber  liner  will  be  used.  No 
protective  finish  is  needed.  Reinforced 
plastic  cases  avoid  the  expensive  man- 

ufacturing operations  associated  with 
metal  structures. 

The  case  is  likely  to  have  a  wall 
thickness  of  0.15  in.  to  withstand  a  de- 

sign pressure  of  3000  psi.  The  aft  end 
of  the  motor  bottle  will  require  a 
molded  phenolic-asbestos  liner.  This  in- sulation will  have  to  reverse  the  flow  of 
the  hot  propellant  gases  and  direct  it 
up  through  the  water  supply.  The  stand- 
pipe  could  also  utilize  glass  fiber  con- struction. 

STEAM  ROCKET  operation  basically 
converts  water  to  steam,  exhausts  vapor 
through  center  standpipe,  providing  thrust. 
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The  fuel  must  have  an  inverse 
burning  rate  at  the  design  pressure  in 
order  to  achieve  reaction  stability.  The 
grain  can  either  be  cast  or  case-bonded 
in  place.  Grain  and  igniter  will  be 
threaded  to  the  aft  boss,  and  the  nozzle 
threaded  to  the  standpipe  adapter. 

The  rocket  could  be  made  recover- 
able or  designed  for  one-shot  applica- 
tions amenable  to  congested  areas.  It 

could  be  so  standardized  for  the  latter 
that  airports  might  find  it  economical 
and  safe  enough  for  daily  weather 
sounding  purposes. 

•  GSE  factor — The  ground  equip- 
ment is  simple  and  reusable.  The  most 

expensive  single  item  would  be  a  boiler 

capable  of  supplying  the  635°F/2000 psi  water  to  the  rocket.  Other  equipment 
might  include  a  launch  tube  with  a  bore 
rider  to  impart  initial  velocity  and  direc- 

tion, electrical  ignition  devices  and 
pumps.  The  cost  of  these,  high  in  com- 

parison to  a  single  firing,  will  be  reduced 
substantially  when  amortized  over  a 
number  of  launches.  The  equipment 
would  be  transportable. 

Fairchild  has  proved  the  concept 
feasibility  and  demonstrated  some  re- 

peatability in  the  firing  tests.  The  firm 
is  now  investigating  the  possibility  of 

government  support  for  the  two-phase 
development  program.  *♦ 
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Now  a  single-source 
responsibility  for 
hydraulic  systems  & 

components. 
It's  the  new 

OF  AMERICAN 

BRAKE  SHOE  COMPANY 

Raymond  Atchley  and  Kellogg  Divisions  of  American  Brab 

Shoe  have  been  consolidated  into  a  single  Aerospace  Divisioi 

to  anticipate  the  demands  for  the  ever  more  sophisticate* 

electro-hydraulic  gear  of  the  Space  Age.  □  The  new  group 

with  headquarters  in  Oxnard,  California,  will  continue  t 

manufacture  the  unequalled  Atchley  servo  valve,  Atchley  servo 

amplifiers  and  systems,  Kellogg  airborne  pumps,  fluid  motor: 

and  other  sophisticated  hydraulic  equipment  for  air  and  spacej 

craft.  □  As  a  further  service  to  the  industry,  the  Aerospacl 

Division  will  manufacture  the  products  of  Jarry  Hydraulics 

Ltd.,  American  Brake  Shoe's  Canadian  subsidiary,  facilitating 

AEROSPACE  DIVISIOI 



L  - 

....  * 

United  States  of  time-proved  Jarry  pumps,  valves,  landing 

gear,  flight-control  systems,  autopilot  and  stabilizer  assem- 

blies. □  Most  importantly,  the  new  Aerospace  Division  offers 

a  single  responsibility,  single  source  for  complete  electro-hy- 

draulic systems  composed  of  reliable,  compatible  components 

that  are  both  engineered  and  fabricated  to  work  together  under 

the  stringent  demands  of  a  single  quality  control.  □  A  com- 

bined field  engineering  staff  has  been  organized  to  serve  cus- 

tomers in  the  United  States,  Canada  and  Europe.  □  This  dy- 

namic group  is  prepared  to  work  with  you  on  your  programs 

today.  □  Address:  3151  West  Fifth  Street,  Oxnard,  California. 

AMERICAN  BRAKE  SHOE  COMPANY 



space  electronics 

New  Telemetry  Studied  for  Saturn 

Goleta,  Calif.  —  A  completely 
transistorized,  30-channel  multiplexer 
and  signal  conditioner  is  being  evalu- 

ated at  NASA's  Marshall  Space  Flight 
Center  for  possible  use  in  the  Saturn 
program. 

The  solid-state  device,  designed  and 
built  at  Servomechanisms,  Inc.'s  re- 

search and  development  center,  acts  as 
a  commutator  and  signal  conditioner 
for  26  sensor  inputs,  plus  two  reference 
voltage  channels  and  two  channels  for 
the  Inter-Range  Instrumentation  Group 
(IRIG)  pulse  format  used  for  decom- 
mutation. 

Possible  system  application  would 
include  all  areas  of  Saturn  flight  opera- 

tions from  which  telemetry  data  is  re- 
quired. A  multiple  installation  would  be 

required,  however,  to  handle  the  some 
400  points  from  which  NASA  will 
probably  need  data. 

The  SMI  multiplexer  uses  a  single 
time-shared,  variable-gain  amplifier  to 
replace  30  individual  channel  amplifiers. 
A  300-cps  ring  counter  is  used  as  a 
program  sequencer  to  supply  data  out- 

puts at  a  10  sample-per-channel-per- 
second  rate.  Use  of  break-before-make 
switching  eliminates  normal  switching 
noise. 

In  operation,  an  interrogation  pulse 
from  the  ring  counter  is  sent  through 
an  "AND"  circuit  to  the  gate  of  the 
sensor  data  channel  to  be  sampled.  If 
the  sensor  is  producing  data,  that  signal 

by  Arthur  H.  Coilins 

and  the  ring  counter  pulse  form  a  coin- 
cidence pulse  that  triggers  the  gate,  thus 

passing  sensor  information  to  the  mas- 
ter amplifier. 
The  sensor  data  is  amplified  and 

coupled  to  a  telemetry  system  for  trans- 
mission to  the  ground  recording  equip- 

ment. If  the  sensor  is  not  producing  a 
signal,  coincidence  fails  to  occur  and 
the  program  sequencer  moves  on  to  in- 

terrogate the  next  channel. 
•  Signal  conditioning  —  All  sensor 

signal  conditioning  is  accomplished 
within  the  system. 

Automatic  Temperature  Compensa- 
tion (ATC)  circuits  provide  signal  con- 

ditioning for  thermocouples  and  upper 
atmospheric  temperature  probes.  Tem- 

perature compensation  range  is  from  0 
to  90°C  ±  3°. 

Frequency  converters  are  provided 
for  FM  instrumentation  and  dielectric 
constant  measuring  sensors.  The  con- 

verters have  adjustable  frequency  ranges 
of  200  to  3000  cps  for  full  scale  output 
of  5  volts  dc.  Minimum  acceptable  input 
signal  level  to  this  conditioner  is  100 
mv  with  circuit  linearity  of  0.1%. 

Demodulator  signal  conditioning  cir- 
cuits accept  sensor  input  levels  from  0 

to  500  millivolts  with  impedance  values 
of  50  K  ohms  (at  400  cps).  Demodular 
frequency  range  is  from  400  to  2000 
cps  with  linearity  of  0.1%.  This  type 
of  signal  conditioning  is  best  suited  for 
pressure  measuring  sensors  used  in  tank- 

ing and  fuel  monitoring. 
Signal  conditioning  for  resistance 

probe  inputs  are  one  leg  of  a  Wheat- 
stone-type  bridge  built  of  0.1%  preci- 

sion resistors.  The  bridge  has  both  ex- 
citation and  zero  adjustments  capability. 

A  wire -wound  scaling  pot  is  avail- 
able for  inputs  needing  this  type  of  con- 

ditioning. Resistance  values  from  0  to 
100  K  ohms  are  available. 

The  multiplexer's  current  configura- tion is  not  the  ultimate  in  packaging. 
NASA  required  the  prototype  system 
be  packaged  in  four  NASA-supplied 
"standard  aerospace  boxes"  (6x8x11 
in.).  SMI  engineers  say  that  a  reduc- 

tion in  size  by  a  factor  of  four  is  possi- 
ble using  current  state-of-the-art  tech- 

niques, and  they  could  supply  the  entire 
system  in  a  package  one-fourth  the  size 
of  a  single  NASA-supplied  box. 

In  the  current  design,  interchange- 
able printed  circuit  cards  are  used 

throughout.  There  is  no  heating  problem 
due  to  the  surplus  of  available  space. 
Clamping  circuits  are  used  throughout 
to  prevent  cross-talk  between  channels. 

•  Timing — Master  timing  for  the 
system  is  obtained  from  a  2  kc  system 
clock  feeding  a  series  of  frequency 
dividers.  The  clock  signal  is  sent  directly 
to  an  isolation  driver  circuit,  which 
outputs  a  1200-cps  signal  to  a  flip-flop. 
The  f/f  output  of  600  cps  is  again 
divided  in  half  and  sent  to  the  ring 
counter.  This  300  cps  pulse  provides 
the  timing  pulse  for  the  ring  counter 
starting  sequence  which,  in  turn,  inter- 

rogates the  30  channels  at  a  10  samples- 
per-channel-per-second  rate. 

The  multiplexer  will  accept  low  level 
inputs  from  5  mv  to  50  mv.  High  level 
inputs  are  accepted  from  0.05  to  0.5 volts. 

The  master  amplifier  has  a  selectable 
gain  characteristic  of  10,  100  and  1000 
with  respective  impedances  of  1  Meg. 
100  K  and  10  K.  Signal  source  im- 

pedances are  from  0  to  10  K. 
System  power  supply  takes  28  volts 

from  the  vehicle's  power  system  and 
outputs  17  and  6  volts  dc  for  circuit 
operation.  Isolation  power  supplies  are 
available  for  sensors  requiring  isolation voltages. 

The  PAM-IRIG  standards  serve  as 
output  telemetry  signal  format,  with 
output  voltages  of  0  to  5  volts  dc  and 
output  impedances  to  the  telemetry 
transmitter  of  200  ohms.  8 

SOLID-STATE  multiplexer  is  packaged  in  four  NASA-supplied  'standard  aerospace' 
boxes  like  this  one.  Space  conservation  was  not  a  design  problem  for  Servomechanisms, 
Inc.  engineers. 



OUR  SPECIALTY 

Since  1952,  EAI  plotting  equipment  has  been  applied  to  a  steadily  lengthening  list  of  data  reduction  applica- 

tions —  from  simple,  manual  point  plotting  to  high-speed  magnetic  tape  input  contour  plotting.  Again  and 

again,  the  flexibility,  speed  and  extreme  accuracies  of  EAI  plotters  have  dictated  their  selection  over  compet- 

ing instruments.  □  EAI  standard  plotters  include  11'xU",  30"x30",  and  45"x60"  boards.  Operation  can  be 
either  off-line  from  punched  cards,  punched  tape  and  magnetic  tape,  or  on-line  with  various  computers.  Output 
modes  include  point,  line,  symbol,  and  contour  plotting.  Plotting  speeds  up  to  4500  line  segments  per  minute 

can  be  provided.  Reliability  is  assured  by  solid-state  circuitry  and  superior  mechanical  design.  □  You  can  draw 
upon  EAis  wide  application  and  design  knowledge  by  describing  your  requirements.  Write  for  information, 

detailing  your  needs,  today. 

EAI ELECTRONIC  ASSOCIATES,  INC.  Long  Branch,  New  Jersey 
Circle  No.  5  on  Subscriber  Service  Card 29 



space  electronics 

Lineless  Drawings'  Aid  Titan  Work 
New  Martin  approach  shaves  costs,  manhours 

in  preparing  electrical  circuitry  instructions 

Denver — Lineless  "drawings"  pre- 
pared by  standard  IBM  punched-card 

equipment  have  greatly  reduced  time 
and  costs  in  preparing  electrical  inter- 

connection instructions  required  at 
Titan  test  stands  and  at  Titan  ICBM 
bases. 

The  approach  was  developed  here 
by  E.  R.  Nelson,  senior  program  plan- 

ner at  Martin  Co.,  the  Aerospace  Divi- 
sion of  Martin  Marietta  Corp.,  in  a 

highly  successful  attempt  to  reduce  the 
thousands  of  wiring  diagrams  previously 
issued  to  Martin  field  crews  and  instal- 

lation subcontractors. 
Engineering  manhours  spent  on 

non-creative  drafting  detail  have  been 
cut  in  half,  Nelson  told  M/R,  by 
machine-produced  alpha-numeric  "blue- 

prints." So  impressive  have  been  the  re- 
sults to  date  from  employing  a  machine 

approach  that  Martin  personnel  here 
are  considering  extending  the  approach 
to  cable  routing,  wire-size  and  voltage- 
drop  calculations,  besides  bundle,  termi- 

nal and  wire  number  assignments. 
At  a  typical  test  stand,  circuitry  is 

required  to  connect  the  umbilical  tower, 
the  missile,  a  central  room,  and  numer- 

ous test  monitoring  systems  through 
some  60  mi.  of  wiring  selected  from 
600  possible  cable  configurations.  Also, 
said  Martin  engineers,  technicians  must 
terminate  some  40,000  individual  wires 
(80,000  terminations)  before  test  per- 

sonnel can  control  the  missile  under  test 
and  simultaneously  capture  data  during 
a  firing. 

The  machine-printed  "drawings," 
which  are  actually  sequential  lists  of 
wires  and  cables,  spell  out  specific 
identification,  routing,  function,  voltage 
drop,  end-points  and  methods  of  termi- 

nating each  wire  and  bundle  of  wires 
within  each  complete  circuit. 

•  Changes  are  problem — A  release 
package  for  a  single  interconnection 
setup  thus  becomes  a  major  job,  and 
because  of  constantly  changing  cir- 

cuitry, the  cataloging  task  is  enormous, 
said  Nelson.  Each  test  stand  tests 
various  missile  modifications,  each  re- 

quiring its  own  interconnection  engi- 
neering. 

For  single  test  stands,  the  company 
anticipates  as  many  as  120  separate 
interconnection  setups.  Moreover,  engi- 

neers here  have  the  problem  of  rapidly 
incorporating  changes  into  release 
30 

drawings. 
The  old  method  was  to  lay  out  inter- 

connection engineering  for  each  modifi- 
cation at  each  stand,  then  give  the 

original  drawings  to  draftsmen  who  pre- 
pared them  for  reproduction.  A  single 

interconnection  setup  required  up  to 
3000  such  sheets  of  unwieldy  18  x 
48-in.  paper. 

This  was  a  costly  and  time-con- 
suming operation.  On  occasion,  Nelson 

asserted,  this  procedure  has  delayed 
missile  testing  when  engineers  received 
interconnection  data  for  a  missile  modi- 

fication too  late  to  provide  adequate 
drafting  lead  time. 

Recognition  that  most  of  this  engi- 
neering— and  all  of  the  drafting — was 

repetitious  and  non-creative,  led  to  the 
decision  to  automate.  Although  engi- 

neers were  producing  original  drawings, 
they  actually  were  stringing  together 
standard  components  in  more  or  less 
pre-established  ways,  said  Nelson. 

Thus,  it  was  suggested  that  all  wiring 
and  components  could  be  cataloged  and 
an  automatic  system  developed  to  pro- 

duce "drawings."  Moreover,  such  draw- 
ings could  be  produced  from  standard 

by  Charles  D.  LaFond 

IBM  punch-card  equipment  and  could 
be  made  to  satisfy  engineers  and  field 
installation  requirements  equally  well. 

•  Decoding  minimized  —  Nelson 
pointed  out  that  the  coding  necessary 
to  convert  engineering  data  to  the  lan- 

guage of  automation  was  developed  in  a 
manner  that  would  minimize  the  need  to 
decode  or  translate  information  in  the 
field.  The  drawings  thus  produced  by 
the  IBM  equipment  were  expressed  in 
standard  trade  terminology. 

Once  the  coding  was  developed,  the 
rest  was  a  matter  of  mechanics.  Now, 

project  engineers  first  lay  out  the  inter- 
connection engineering,  then  express 

their  drawings  in  code  on  special  sheets. 
Operators  next  punch  this  data  into cards. 

The  preparation  of  drawings  then 
becomes  a  gross  tabulation  effort  on 
IBM  account  machines.  These  print  the 
drawings  on  special  paper  for  multilith 
reproduction.  Instead  of  the  former 
3000  drawings,  complete  instructions 
are  reduced  to  some  200  printed  8V2  x 
1 1-in.  sheets. 

While  there  are  five  separate  sec- 

ENGINEER  'CODING'  interconnection  data  for  incorportion  into  EAM  drawings. 
Engineering  changes  are  made  directly  on  IBM  tab  listings  while  new  input  is  coded  on 
special  forms. 



The  moment  of  insight  is  a  private  thing. 

It  can  happen  anytime,  anywhere.  Somewhere  in  the  mind  the  barrier  to  a  solution  crumbles.  Everything  suddenly  slips  into 

place.  It  can't  be  forced  or  commanded.  But  it  comes  about  most  often  in  a  climate  of  mutual  respect  and  recognition. 
This  is  the  kind  of  climate  you'll  find  at  Northrop. 

You'll  also  work  in  a  climate  of  constant  professional  challenge  at  Northrop.  We  have  more  than  70  active  projects  in  work, 
and  we're  always  evaluating  new  lines  of  inquiry.  Projects  range  from  space  guidance  and  navigation  to  automatic  checkout 
equipment,  from  computer  design  and  world-wide  communications  to  laminar  flow  control. 

On  the  following  pages  you'll  find  some  specific  positions  available  now  at  Norair  Division.  Look  them  over.  One  may  be 
just  the  spot  for  you. 

But  even  if  you  don't  find  your  specialty  listed  — don't  go  away.  We  simply  don't  have  room  to  mention  all  the  oppor- 
tunities to  be  found  throughout  Northrop's  several  divisions.  If  you're  the  kind  of  man  who  has  fresh  insights  into  problems, 

there's  bound  to  be  a  place  for  you  at  Northrop.  Write  to  Dr.  Alexander  Weir  at  Northrop  Kl  ̂ %  RfM  |n  ̂ %  W% 
Corporation,  Beverly  Hills,  Calif.,  and  tell  us  about  yourself.  You  will  receive  a  prompt  reply.  MM  U        I  IHllf  T AN  EQUAL  OPPORTUNITY  EMPLOYER 



The  information  behind  such  decisions  is 

incredibly  complex.  In  volume,  in  vari- 
ables, in  interrelationships.  And  each 

decision  itself  may  affect  world-wide  or 
continental  forces  and  events.  In  making 

operational  decisions,  today's  commanders 
and  governmental  leaders  use  systems 
which  provide  information  processing  as- 

sistance. Developing  these  huge  man- 
machine  systems  is  the  work  of  scientists, 
engineers,  and  computer  programmers  at 
System  Development  Corporation.  Their 

concern  is  system  development,  not  hard- 
ware development.  They  consider  the 

interaction  and  effect  of  men,  doctrine, 

tradition,  training;  of  organizations,  chains- 
of-command  and  chains-of-succession;  of 
communications,  traffic  centers,  command 

posts,  computers  and  displays.  Their  work 
begins  with  system  analysis.  It  continues 
through  system  synthesis,  computer  in- 

struction, system  training,  system  evalua- 
tion—and then  in  adapting  the  system  to 

the  changing  needs  of  its  users.  Through- 
out they  strive  to  optimize  man-computer 

relationships  and  also  carry  on  research 

into  future  systems.  Human  Factors  Scien- 
tists, Operations  Research  Scientists, 

Systems-Oriented  Engineers  and  Computer 
Programmers  interested  in  joining  this  ex- 

panding field  are  invited  to  write  Dr.  H.  A. 
Best,  SDC,  2433  Colorado  Ave.,  Santa 
Monica,  California.  Positions  are  open  at 
SDC  facilities  in  Santa  Monica;  Washing- 

ton, D.C.;  Lexington,  Massachusetts;  Para- 

mus,  New  Jersey;  and  Dayton,  Ohio.  "An 

equal  opportunity  employer." 
^SDC 

Systems  that  help  men  make  decisions  and 
exercise  control 

System  Development  Corporation 

Decision-Making:  Direction  of  Forces— What,  Where,  When? 



»e/ess  'Drawings' 

(Continued  from  page  30) 

majority  of  information  needed  i
n 

tallation  and  maintenance  of  wiring 

terns  is  included  in  two  major fions: 

(I)  A  Continuity  Run,  which  
de- 

i-ts  all  wire  segments  necessary  to 

^mplete  a  circuit.  This  section  is  used 

insure  correct  end-to-end  termina
- 

>ns. 

1  (2)  A  Bundle  Termination  Section, 

Lien  gives  exact  termination  data  for 
ch  wire  in  each  cable. 

After  a  release  package  is  prepared, 

e  IBM  cards  are  filed.  When  changes 

e  made,  it  is  only  necessary  to  sort 

Lt  affected  cards  and  replace  them  with 

tw  ones.  Also,  sheets  in  use  in  the 

eld  affected  by  the  changes  are  re-run ad  distributed. 

•  Eliminating  errors— With  volume 

]ah  it  is  easy  to  make  errors  that  are 

kely  to  remain  undetected.  By  mech- 
nizing  the  drafting  operation,  Nelson 

eels  the  most  costly  and  error-prone 

,'ork  has  been  eliminated.  Also,  ma- 
rine-prepared listings  are  completely 

egible. 

More  important,  however,  is  the 

ime  saving,  both  in  manhours  and 
-lapsed  time. 

During  one  three-month  period,  he 
Isaid  drawings  were  released  for  10 
different  test  stand  configurations.  In 

contrast,  when  the  manual  system  was 

used,  no  more  than  two  similar  simul- 

taneous stand  configurations  could  be 
!  produced  in  a  comparable  period. 

In  the  same  three-month  period, 

!  moreover,  55  basic  and  176  revision 

packages    were    processed,  company records  show. 

Another  gain  is  in  the  lead  time 

needed  to  produce  and  release  draw- 
ings. This  has  been  chopped  from  three 

months  to  approximately  six  weeks  with 
the  automated  system.  In  addition,  the 

number  of  people  tied  up  in  intercon- 
nect engineering  has  been  reduced. 

•  Accuracy  saves  times — Increased 

accuracy  resulting  from  the  machine  sys- 
tem has  appreciably  reduced  the  kind 

of  problems  requiring  contractors  and 

subcontractors  to  call  on  Martin/Den- 
ver's liaison  engineers  for  help.  For 

example,  during  a  lot  modification  per- 
formed before  introduction  of  the  auto- 
mated procedures,    532   liaison  calls 

(clarification  requests)  came  in  from 
the  field.  On  a  comparable  lot  after 

automating,  the  number  of  liaison  calls 

was  reduced  to  250.  Subsequent  modifi- 
cations have  reduced  this  figure  even 

further. 

In  addition  to  having  time  for  con- 
(Continued  on  page  40) 

Norair  needs  men  with  penetrating
  minds 

bring  them  into  focus.  These  positions  are
  available  now: 

Engineers  in  e.ectronic  checkout  syst
ems  who  have  worked  with  advanced 

 des,gn 

inlet  design,  ducting,  and  performance 
 an*« 

SSSS5S=
M»  * 

Scientists  experienced  .nwork.  ng  wimiO^  tj     and  data  handling  systems. 

S2C » — - «»  'eii»Mi,y  ,nd  ,o  °p"",tte  tha
  c°n,igur8"°"s  a"d 

Lcrs6s^~N0RTHR0P 
1001  East  Broadway,  Hawthorne, 

 Cahforn.a.  ■ 35 

missiles  and  rockets,  September  10,  1962 
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Air  Proving  Ground  Emphasis 

Shifts  to  Space  Operations 

Electronic  capabilities  expand  at  Elgin 
as  conventional  missile  tests  continue 

By  James  Trainor 
Eglin  AFB,  Fla. — New  emphasis 

on  space  operations  and  electronic 
testing  today  is  overshadowing  more 
conventional  aircraft  and  missile  test 
programs  at  Air  Force  System  Com- 

mand's Air  Proving  Ground. 
The  Center  still  is  deeply  involved  in 

testing  Hound  Dog,  Skybolt,  Bullpup, 
Quail  and  other  missile  systems.  But  it 
already  has  proved  its  new  space  capa- 

bility with  unique  contributions  to  Proj- 
ect Mercury  and  by  an  extensive  space 

probe  program. 
Its  tracking  capability  will  be  ex- 

panded by  the  addition  of  a  huge  phased 
array  radar  for  detection  and  tracking 
of  sateliites.  To  be  developed  by  the 
Radio  Div.,  Bendix  Corp.,  the  new  radar 
is  to  be  ready  for  test  in  the  spring  of 
1964.  It  ultimately  will  become  an  in- 

tegral part  of  North  American  Air  De- 
fense Command's  SPADATS  (Space 

Detection  and  Tracking  System).  APGC 
expects  to  provide  sector  coverage  for 
one  part  of  a  global  surveillance  and 
tracking  system. 

•  Space  probe  program — Largest 
immediate  area  of  expansion  lies  in 

APGC's  space  probe  program.  This  has grown  from  25  launches  in  1959  to  a 
planned  243  firings  this  year.  The  total 
is  expected  to  jump  to  300  in  1963,  360 
in  1964,  and  finally  to  420  in  1965. 

Most  of  the  rocket  launchings  from 
APGS's  Santa  Rosa  Island  facilities  are 
to  provide  measurements  in  one  of  three 
areas:  the  space  environment  as  it  nat- 

urally exists,  the  effects  of  efforts  to 

change  or  use  this  environment,  and 
component  tests  of  space  systems. 

The  current  APGC  launch  program 
is  concentrated  in  the  first  area.  More 
than  130  Areas  rockets  will  be  launched 
this  year  to  provide  meteorological  data 
and  in  an  effort  to  evolve  an  operational 
meteorological  rocket  system  for  wide use. 

APGC's  present  launch  complex 
consists  of  one  liquid  Aerobee  tower, 
single  solid  propellant  pads  for  Cree  and 
Loki  and  two  for  Areas.  There  also 
are  two  general  purpose  pads.  In  addi- 

tion, some  Bomarc  test  facilities  now 
are  being  made  available  for  space  probe 
modification. 

Unlike  space  probe  facilities  at 

Maj.  Gen.  James  E.  Roberts 

NASA's  Wallops  Island,  the  APGC  fa- cilities are  used  exclusively  to  support 
work  under  Air  Force  contract.  Most 
launches  support  projects  of  the  AF 
Cambridge  Research  Laboratories. 

When  modification  of  the  Bomarc 
facility  is  completed,  the  Center  will  be 
able  to  handle  vehicles  as  large  as  Blue 
Scout.  Largest  vehicles  to  be  launched 
under  present  plans,  however,  are  Trail- 
blazer  II  and  Genie  configurations. 

Another  new  capability  for  the  space 
probe  program  will  be  that  of  remote 
launches.  Probes  will  be  fired  from  a 
modified  Sergeant  launcher  back  toward 
the  densely  instrumented  Eglin  Main 
base  from  a  number  of  points  along  the 
Florida  coast.  APGC  also  is  building  up 
its  ability  to  provide  anything  from 
launching  services  to  the  design  and  inte- 

gration of  a  complete  payload  package. 

•  A  unique  combination — To  ac- 
complish its  basic  mission  of  engineer- 

user  testing  of  AF  systems,  the  Air 
Proving  Ground  combines  an  800-sq.- 
mi.  land  range  with  a  45,000-sq.-mi. 
Gulf  test  range.  The  latter  extends  from 
Eglin  on  the  northwest  coast  of  Florida 
to  Key  West,  450  miles  away.  Unlike 
Cape  Canaveral,  which  is  essentially  a 
line  range,  Eglin  Gulf  Test  Range  pro- 

vides an  area  range  some  100  miles wide. 

Instrumentation  for  the  Gulf  range 
is  provided  by  a  series  of  tracking  and 
telemetry  stations  stretching  from  the 
main  Eglin  complex  to  Key  West.  The 
range  control  center  at  Eglin  contains 
the  major  control  consoles,  range  safety 
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First  live  firing  of 

Skybolt  ALBM 
from  B-52  over 
Cape  Canaveral. 

facilities,  phototheodolites,  three  AN/ 
FPS-16,  C-band  radars  and  range  com- 

munications facilities. 
On  Santa  Rosa  Island — a  sandy  spit 

running  parallel  to  the  Florida  coast 
opposite  Eglin  Main — are  the  missile 
launching,  central  telemetering,  fre- 

quency monitoring  and  drone  control 
facilities.  The  latter  two  complexes  are 
equipped  with  range,  azimuth  and  ele- 

vation-determining AN/MPS-9  radars, 
command  guidance  systems,  missile  and 
drone  telemetering  stations  and  range 
communications.  The  launch  complex 
provides  a  beacon  check,  telemetering 
checkout  and  timing  countdown  for 
missile  firings. 

Of  the  four  downrange  stations 
located  along  the  crescent  of  Florida's 
Gulf  coast,  three  have  identical  tracking 
and  telemetry  equipment.  The  fourth  at 
Key  West,  presently  not  being  utilized, 
is  maintained  in  caretaker  status.  The 
three  active  stations  at  Cape  San  Bias, 
Anclote  and  Marco  Island  each  has 
three  AN/FPS-16,  two  AN/MPS-9  and 

one  AN/MPQ-31  radars  as  well  as  three 
missile  and  three  drone  telemetering  and 
command  guidance  systems.  The 
Key  West  station — not  as  elaborately 
equipped  as  the  others — has  only  an 
S-band  AN/MPS-9  and  one  AN/MPQ- 
31  radar,  two  missile  and  two  drone 
telemetering  systems  and  three  com- 

mand guidance  systems. 
The  primary  reason  for  the  density 

of  range  instrumentation,  APGC  officials 
explain,  is  that  the  range  was  designed 
to  handle  three  simultaneous  Bomarc 
launches  against  three  high-speed 
drones. 

Range  communications  are  provided 
by  a  combination  of  microwave  links 
between  the  range  control  center  and 
Cape  San  Bias  and  between  San  Marco 
and  Anclote,  and  tropospheric  scatter 
between  Cape  San  Bias  and  Anclote 
and  between  San  Marco  and  Key  West. 
Direct  lines  link  Eglin  with  Cape  Canav- 

eral, the  Air  Force  tracking  center  at 

Sunnyvale,  Calif,  and  NASA's  Goddard 
Space  Flight  Center. 

Secondary  data  for  acquisition  of 
either  a  missile  or  drone  is  handed  off 
downrange  from  one  station  to  the  next 
while  primary  test  data  flows  in  the  re- 

verse direction.  With  400  telephone 
pairs  linking  the  San  Bias  station  with 
Eglin  Main,  the  Center  can  achieve  a 
real  time  capability  by  feeding  down- 
range  data  directly  into  its  7090  data 
processor.  Normally,  however,  only  im- 

pact prediction  is  made  in  real  time; 
other  data  are  usually  stored  on  tape 
before  processing. 

Eglin  is  Station  17  in  the  Mercury 
tracking  network  and  NASA  will  not 
permit  an  astronaut  launch  unless  Eglin 
is  ready.  Initially,  NASA  did  not  feel 
the  Eglin  station  was  mandatory.  Eglin 
proved  its  worth,  however,  by  provid- 

ing precise  information  on  the  critical 
re-entry  phase  of  Mercury  and  handing 
the  data  off  over  live  data  circuits  to  the 
Cape  and  to  Goddard  for  processing. 
Eglin  tracking  facilities  have  consider- 

ably increased  the  accuracy  of  Mercury 
impact  predictions. 

•  Category  Testing — The  fundamen- 
tal purpose  of  this  vast  array  of  tracking 

and  telemetering  equipment,  however, 

How  to  Sell  to  APGC 
Both  base  and  R&D  procurement 

of  the  Air  Proving  Ground  Center  is 
handled  through  a  single  office  which 
maintains  its  own  source  list.  To  get 
on  the  list,  a  potential  contractor 
must  send  a  letter  to  the  Deputy  for 
Procurement,  Air  Proving  Ground 
Center,  Eglin  AFB,  Fla.,  asking  for 
the  necessary  forms  and  listing  the 
contractor's  capabilities. 

APGC  officials  point  out  that 
only  a  limited  number  of  firms  is 
asked  to  prepare  proposals  on  a  con- 

tract, the  exact  number  depending 
on  contract  size.  They  also  note  that 
the  prime  consideration  in  awarding 
contracts  is  not  necessarily  price  but 
technical  evaluation  of  a  proposal. 

Main  areas  of  procurement  at 
APGC  at  present  are:  tow  targets, 
scorers,  explosives,  microwave 
switches,  bomb  ballistic  studies,  in- 

frared and  antenna  subsystems, 
signal  transmitters  and  frequency 
measurement  equipment. 

is  to  test  the  technical  and  operational 
suitability  of  weapons  systems  for  the 
Air  Force.  In  accordance  with  AF  regu- 

lations, these  tests  are  divided  into  three 
categories : 

—Category  1:  Contractor  systems 
test,  to  assure  the  contractor  he  has  met 
contract  specifications.  Contractor  per- 

sonnel run  this  phase  with  minimum  AF 
interference. 

—Category  2:  AF  Systems  Com- 
mand Test,  to  spot-check  the  contractor 

tests  for  assurance  that  technical  speci- 
fications have  been  met.  AF  technicians 

run  these  tests  with  a  small  contractor 
crew  standing  by. 

—Category  3:  User  agency  tests  to 
insure  that  the  equipment  will  perform 
adequately  in  the  field. 

Annual  operating  cost  of  the  Air 
Proving  Ground  Center  is  only  $78.1 
million.  This  does  not,  however,  indi- 

cate the  scope  or  value  of  the  testing 
program.  A  more  valid  criterion  would 
be  the  value  of  the  nine  major  systems 
under  test — including  the  F-105D,  Bo- 

marc A  &  B,  Quail,  Hound  Dog,  Sky- 
bolt,  B-52  ECM,  Bullpup  and  electronic 

Targets,  Exotic  Weapons 

Aeronautical  Systems  Division's Directorate  of  Target  and  Armament 
Development  (Detachment  #4)  has 
a  two-fold  mission  as  one  of  the  Air 

Proving  Ground  Center's  principal tenants : 

•  It  is  responsible  for  design,  de- 
velopment, evaluation  and  standard- 

ization of  Air  Force  targets  and 
drones  for  AF  use,  and  also  handles 
scorers,  infrared  and  radar  augment- 

ed associated  with  these  systems. 
•  It  conducts  basic  and  applied 

research  and  operational  support  de- 
velopment programs  which  cover 

biological,  chemical  and  directed- 
energy  weapons  (lasers  and  masers). 

Detachment  #4  has  an  approved 
FY  '63  R&D  budget  of  approxi- 

mately $25  million.  Part  of  some  45 
research  projects  are  contracted  out 
to  industry.  The  detachment  has 
about  50  contractors,  including  Min- 

neapolis-Honeywell, Aerojet,  Thiokol, 
GE,  North  American,  Raytheon  and 
Goodrich  High-Voltage  Astronautics. 

Current  programs  of  the  Target 
Development  Laboratory  include  su- 

personic tow  targets  for  interceptor 
air-to-air  missile  firings.  Applied  re-  ■ 
search  includes  study  of  advanced 
IR  sources,  techniques  for  establish- 
ing  the  vector  miss  distance  of  anti- 
satellite  and  anti-ICBM  weapon  sys- 
terns,  and  methods  of  sensing  the 
damage  caused  to  a  target  by  a  kill 
mechanism. 
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MOBILE  LAUNCHER  gives  APGC  unique  capability  for  remote  launch  of  space 
probes.  Launcher  is  modified  from  a  Sergeant  vehicle;  probe  is  an  Exos. 

AF  Lacks  Skybolt  Test  Personnel 
Lack  of  trained  Air  Force  per- 

sonnel to  conduct  forthcoming  Cate- 
gory 2  Skybolt  tests  is  a  major  prob- 

lem now  confronting  the  Eglin  AFB 
Joint  Test  Force.  AF  officials  say 
Category  2  testing  may  need  greater 
contractor  support  than  usual.  Cause 
of  the  problem  is  a  training  hardware 
shortage  that  will  force  AF  techni- 

cians to  train  with  theoretical  and 
early-design  models. 

Until  training  hardware  is  avail- 
able next  July,  Air  Force  personnel 

will  be  instructed  in  Douglas  Aircraft 
Co.'s  Skybolt  plant.  After  a  four- 
month  training  program,  they  will  be 
integrated  with  the  contractor's  Cate- 

gory 1  test  team  for  on-the-job  train- 
ing. Douglas  personnel  may  initially 

make  up  as  much  as  one-third  of  the 
Category  2  test  team. 

The  British  Joint  Trial  Force, 
under  Wing  Commander  Charles  E. 
Ness,  will  be  considerably  larger  than 

the  165-man  U.S.  test  contingent, 
mainly  because  maintenance  of  Sky- 
/>o//-carrying  Vulcan  bombers  is  in- 

tegral to  Joint  Trials  under  the  Brit- 
ish concept.  Cmdr.  Ness  says  the 

Trial  Force  will  reach  a  maximum 
strength  of  300  RAF  and  Ministry  of 
Aviation  personnel  by  early  1963. 
Two  Vulcans  now  under  captive 
mechanical  tests  in  England  will  be 
flight-tested  at  Eglin  by  next  Febru- ary. 

In  contrast  to  U.S.  engineer-user 
testing,  the  British  force  will  evolve 
and  evaluate  not  only  technical  suit- 

ability and  maintenance  procedures 
for  the  Vulcan-Sky  bolt,  but  also  tac- 

tical concepts  for  Bomber  Command 
use  of  the  new  system. 

The  British  may  buy  some  Sky- 
bolt ground  equipment  from  Douglas 

for  the  test  program,  though  British 
operational  equipment  will  be  used 
when  possible. 

systems  tests.  The  total  national  invest- 
ment in  these  systems,  excluding  pro- 

duction costs,  is  more  than  $9  billion. 
Test  costs  total  $528  million,  $390  mil- 

lion in  contract  dollars  and  $138  million 
in  AF  support  costs. 

To  support  an  operation  of  this 
magnitude,  some  5000  military  and 
1916  contractor  personnel  are  assigned 
to  APGC.  Over  900  Vitro  Service  Corp. 
representatives  run  the  range  for  the 
Air  Force.  However,  unlike  other  con- 

tractor-run ranges,  Vitro  is  responsible 
only  for  operating  the  radars  and  col- 

lecting data.  Air  Force  analyzes  the 
data. 

•  Organization  breakdown — Organi- 
zationally, APGC  is  divided  into  six 

separate  areas:  aircraft  and  missile 
tests,  aerospace,  electronic  systems  test, 
bioastronautics,  foreign  technology  and 
procurement.  Each  is  headed  by  a  dep- 

uty who  reports  directly  to  the  APGC 
Commander — Maj.  Gen.  James  E.  Rob- erts— for  activity  support. 

Under  each  of  the  first  three  depu- 
ties, there  are  organized  joint  test  teams 

— comprised  of  both  the  developing  and 
using  agencies  and  responsible  for  cate- 

gory testing  of  a  particular  system. 
The  test  team  derives  its  support 

from  APGC  but  is  responsible  to  the 
system  program  officer  at  the  major AFSC  development  agency. 

A  deviation  from  this  system  is  the 
joint  test  team  for  the  GAM-87  Sky- 

bolt. Because  of  the  importance  of  this 
system,  the  team  which  normally  would 
have  fallen  under  the  cognizance  of  the 
deputy  for  aircraft/missile  test  is  sepa- 

rately organized  on  a  par  with  the 
deputies. •  Missile  Tests — Missiles  currently 
under  test  at  APGC  include  the  GAM- 
72  (Quail),  the  GAM-77A  (Hound 
Dog)  and  the  GAM-83B  (Bullpup).  The 
first  two  are  being  tested  for  SAC  use 
while  the  latter  is  programmed  for  TAC. 

Although  initial  testing  on  the  three 
systems  has  been  completed,  follow-on 
work  is  still  necessary  on  all  but  Bull- 
pup.  Category  2  testing  is  under  way  on 
the  improved  version  of  the  Quail  to 
determine  its  additional  capability  over 
GAM-72A. 

For  the  first  time,  Hound  Dog  is 

undergoing  a  true  "blue  suit"  test  to  de- termine if  the  Air  Force  can  maintain 
and  use  the  system  in  the  field.  The 
tests,  which  still  have  a  year  to  run,  are 
also  aimed  at  proving  the  changes  and 
fixes  introduced  into  the  improved 
GAM-77A.  Complicating  this  test  pro- 

gram is  the  fact  that  Hound  Dog  has 
to  be  tested  at  both  the  Holloman  AFB 
land  range  and  Eglin  over  water  range. 

APGC  also  tested  the  nuclear  GAM- 
83B  and  the  TGAM-83  training  missile 
to  determine  their  suitability  to  Air 
Force  requirements. 
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where  do  you 

fit  in  the 

space  picture? 

Today,  the  design  and  development  of  space  systems, 
vehicles  and  weapon  systems  is  achieving  an  even 

greater  degree  of  importance  than  before.  Expendi- 
tures are  increasing.  The  pace  is  being  stepped  up. 

Hughes  Aerospace  Divisions  are  expanding  with  each 
of  these  progressions.  Important  projects  such  as 
SURVEYOR,  SYNCOM,  advanced  POLARIS  guid- 

ance and  Anti-ballistic  Missile  Defense  (boost- 
intercept,  mid-course,  terminal)  are  now  underway. 
Others  will  begin  soon.  This  expansion  is  producing 
new,  challenging  assignments  which  never  existed 
before.  You  can  now  be  a  part  of,  and  benefit  from, 
Hughes  further  expansion  into  the  space  age. 

If  you  hold  a  degree  from  an  accredited  university 
in  Mechanical  Engineering,  Electronic  Engineering  or 
Physics,  are  a  U.  S.  citizen  and  have  experience  or 
interests  related  to  Aerospace  Vehicles  or  Weapon  Sys- 

tems, you  can  qualify.  A  few  of  the  openings  include: 

Inquire  today.  Fit  yourself  into  the  space  picture  at  Hughes. 
Please  airmail  your  resume  to: 

Mr.  Robert  A.  Martin 
Head  of  Employment 

Hughes  Aerospace  Divisions 
11940  W.  Jefferson  Blvd. 

Culver  City  33,  California. 
We  promise  you  a  reply  within  one  week. 

controls  engineers 
Concerns  airborne  computers 
and  other  controls  related 
areas  for:  missiles  and 
space  vehicles,  satellites, 
radar  tracking,  control 
circuitry,  controls  systems, 
control  techniques, 
transistorized  equalization 
networks  and  control 
servomechanisms. 

circuit  designers 
Involves  analysis  and 
synthesis  of  systems  for: 
telemetering  and  command 
circuits  for  space  vehicles, 
high  efficiency  power 
supplies  for  airborne  and 
space  electronic  systems, 
space  command,  space 
television,  guidance  and 
control  systems,  and 
many  others. 

systems  analysts 
To  consider  such  basic 

problems  as  the  require- ments of  manned  space 
flight;  automatic  target 
recognition  requirements  for 
unmanned  satellites  or 

high  speed  strike reconnaissance  systems; 
IR  systems  requirements 
for  ballistic  missile  defense. 

infrared  specialists 
To  perform  systems 
analysis  and  preliminary 
design  in  infrared  activities 
involving  satellite  detection 
and  identification,  air-to-air 
missiles,  AICBM,  infrared 
range  measurement, 
air-to-air  detection  seareh 
sets,  optical  systems, 
detection  cryogenics 
and  others. 

Creating  a  new  world  with  electronics 
!  , 

HUGHES  AIRCRAFT  COMPANY 
AEROSPACE  DIVISIONS 

An  equal  opportunity  employer. 
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Air  Proving  Ground 

(Continued  from  page  38) 

•  Electronic  systems  test — One  of 
the  most  important  and  growing  areas 
of  systems  testing  covers  Electronic  - 
Countermeasures  and  Electronic-Coun- 
ter-Countermeasures.  Eglin  provides 
over  20  radars  covering  the  whole  fre- 

quency spectrum  for  ECM  and  ECCM 
testing.  In  addition,  an  arrangement  with 
the  Montgomery  sector  of  the  Air  De- 

fense Command  enables  Eglin  to  test 
ECM  packages  by  flying  them  in  from 
the  Gulf  against  ADC  defenses. 

Currently,  category  testing  of  a  new 

family  of  high-power  Frequency  Diver- 
sity Radars  is  nearing  completion,  with 

the  end  of  the  tests  scheduled  for 
November.  After  test,  these  new  sur- 

veillance radars  will  be  turned  over  to 
ADC  for  installation  into  the  SAGE 
system.  Production  costs  for  the  FD 
radars  is  estimated  at  $700  million  or 
about  $3-5  million  per  copy. 

The  family  of  FD  radars  includes: 
AN/FPS-24  surveillance  radar  from 
General  Electric,  AN/FPS-26  height 
finder  radar  from  the  Crosley  Div.  of 
AVCO,  AN/FPS-27  3-D  surveillance 
radar  from  Westinghouse  and  AN/FPS- 
35  surveillance  radar  from  Sperry  Gyro- 

scope. Another  radar — Raytheon's  AN/ 

Opportunities  at  General  Atomic 

for  Engineers  and  Scientists 

General  Atomic  Division  of  General  Dynamics  has  immediate  openings 
for  engineers  and  scientists,  including  positions  in  an  advanced  pro- 

gram to  develop  a  new  propulsion  mechanism  for  large  space  vehicles. 
This  dramatic  program  involves  the  use  of  controlled  nuclear  pulses 
to  propel  large  vehicles  such  as  a  space  platform  of  1000  tons  or  more. 

This  is  one  of  many  expanding  programs  at  General  Atomic's  John 
Jay  Hopkins  Laboratory  in  San  Diego,  the  world's  largest  privately- 
owned  center  of  diversified  nuclear  development.  Other  major  projects 
include  high  temperature  gas-cooled  reactors  for  electric  power  gen- 

eration .  .  .  beryllium-oxide  moderated  gas-cooled  reactors  .  .  .  thermi- 
onic and  thermoelectric  systems  for  the  direct  conversion  of  heat  to 

electricity  .  .  .  controlled  thermonuclear  research  .  .  .  and  many  other 
projects  in  physics,  chemistry,  metallurgy  and  engineering. 

Although  these  programs  involve  work  in  many  new  areas  of  science 
and  engineering,  present  openings  can  best  be  filled  by  men  having 
experience  in  the  following  areas: 

TEST  ENGINEERS  —  Experience  in  one  of  the  following  related  areas:  test- 
ing of  aircraft  or  spacecraft  systems;  test  planning  and  scheduling;  and 

instrumentation. 

GUIDANCE  AND  CONTROL  SPECIALISTS  -  Extensive  experience  in  space 
trajectories,  communications,  telemetry,  electromagnetic  propagation,  nav- 

igation and  astronomy. 
DESIGN  AND  STRUCTURAL  ENGINEERS  -  Extensive  experience  in  the  de- 

sign and  development  of  space  probe  controls,  sequencing,  telemetering, 
and  communications  equipment.  Structural  engineers  with  experience  in 
the  design  or  analysis  of  structures  capable  of  withstanding  high  impacts, 
and  with  capability  of  conducting  wide  scope  development  programs. 
THEORETICAL  AND  EXPERIMENTAL  PHYSICISTS  -  Solid  state,  plasma  and 
nuclear  physics  research,  and  mathematical  analysis.  Multi-dimensional 
digital  computing  techniques.  Fluid  dynamics  and  radiation  transport. 
Surface  physics,  hypervelocity  impact  studies,  high  altitude  studies,  semi- 

conductor studies,  advanced  high  explosive  techniques,  and  shock  tubes. 
Address  inquiries  to  Manager  of  Employment,  Dept.  993,  General  Atomic, 
P.O.  Box  608,  San  Diego  12,  Calif.  An  Equal  Opportunity  Employer. 

G II I  D 

GENERAL.  DYNAMICS 
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FPS-28 — has  been  dropped  from  the 
FD  family  and  is  now  being  used  as  a 
victim  radar  for  ECM. 

Frequency  Diversity  Radars  operate 
on  the  principle  that  it  is  much  more 
difficult  to  jam  air  defenses  if  the  sur- 

veillance radars  are  able  to  switch  fre- 
quencies quickly  and  over  a  wide  range. 

Thus,  if  two  radars  operating  on  widely 
separated  frequencies — each  able  to 
switch  quickly  over  a  wide  frequency 
band — are  observing  the  same  air  de- 

fense sector,  the  ECM  problem  becomes 
almost  prohibitive  because  of  the  wide 
frequency  band  which  must  be  jammed. 

Providing  a  foil  for  ECCM  testing  as 
well  as  a  means  of  evaluating  and  im- 

proving electronic  equipment  is  APGC's work  on  EMC.  In  this  area,  B-52H/ 
Quail  ECM  system  testing  is  the  main 
item  of  business  for  the  next  few  years. 
APGC  is  component  testing  individual 
black  boxes  by  flying  the  aircraft  in 

from  the  Gulf  against  "victim"  radars. 
Eglin's  tracking  facilities  provide  in- 

valuable space-time  information  on  the 
aircraft  which,  in  turn  provides  data  on 
the  effectiveness  of  individual  ECM 
techniques.  No  other  range,  APGC 
officials  say,  has  this  capability.  8 
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tractors,  which  eventually  is  paid  for  by 
Martin/Denver  (and  ultimately  the  gov- 

ernment), substantial  manhour  savings 
were  realized  within  the  company  be- 

cause there  were  fewer  calls  to  process field  changes. 

With  easy-to-process  cards  in  file 
(up  to  80,000  for  each  test  stand)  full 
or  partial  listings  of  drawings  are  re- 

produced rapidly  in  any  order  desired. 
A  10%  "safety  factor"  is  provided  for 
most  circuits.  In  other  words,  systems 

are  designed  so  that  "spare"  wires  are available  if  needed. 

Through  machine  sorting  and  print- 
ing, listings  are  prepared  which  show 

engineers  exactly  where  these  "spare" wires  are  located,  and  provide  informa- 
tion that  identifies  them  by  type,  func- 
tion, length,  and  termination. 

The  system  has  great  potential. 
Further  development,  Nelson  stressed, 
is  only  a  matter  of  time.  The  machines 
can  quickly  tabulate  lists  of  all  wires 
in  a  given  area,  print  bills  of  material, 
provide  lists  for  parts  accountability, 
and  produce  lists  for  use  when  analyz- 

ing circuit  activation-versus-even  occur- 
rence during  countdowns. 

Ultimately,  he  said,  the  job  will  be 
one  for  computer  processing.  By  using 
magnetic  tapes  rather  than  cards  as  the 
basic  medium  for  data  storage,  a  com- 

puter system  could  be  developed  that 
would  further  increase  processing  speed 
and  substantially  add  to  flexibility.  tt 
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•The  Industry  Week 

Small  Business  Trends 

Military  prime  contract  awards  of  $4.6  billion 
during  FY  '62  topped  by  nearly  $1  billion  the  pre- 

vious year's  awards.  The  President  in  1961  asked 
that  defense  procurement  reflect  increased  partici- 

pation by  small  business.  Increase  goals  set  then 
have  been  met,  according  to  FY  '62  figures.  Defense 
plans  call  for  even  greater  goals  during  the  present 
fiscal  year.  .  .  .  Small  business  concerns  across  the 
nation  received  nearly  75%  of  all  purchase  orders 
issued  by  Douglas  Aircraft  Co.  in  the  first  seven 
months  of  the  year.  Nearly  $60  million  in  Douglas 
purchases  from  almost  10,000  small  business  con- 

cerns for  both  military  and  commercial  purchases 
marked  a  20%  gain  over  the  same  period  of  the  year 
before,  despite  heavy  Douglas  commitments  for 
projects  and  items  that  can  only  be  awarded  to 
larger  firms. 

New  Industry  Facilities 

Aerojet-General  Corp.  has  set  up  a  functionally 
and  physically  independent  rocket  motor  division  in 
Sacramento,  Calif.,  to  handle  development  of  small 
and  intermediate  solid  rocket  motor  systems  from 
the  proposal  and  contracting  stage  through  design 
and  production.  The  new  unit  has  its  own  production 
facility  and  a  large  headquarters  building  separate 
from  the  rest  of  the  Aerojet  plant.  It  is  staffed  by  a 
1250-man  team  experienced  in  the  small-rocket  field. 
Aerojet  created  the  division  to  provide  direct  liaison 
with  buyers  and  to  facilitate  faster  decisions  by 
slashing  communications  red  tape.  The  company 
hopes  to  provide  fully  developed,  qualified  units  in 
far  less  time  and  at  less  cost  under  the  new  system, 
and  to  become  more  competitive  in  the  smaller 
rocket  motor  field.  The  new  organizational  setup  is 
also  expected  to  speed  transition  from  R&D  to  pro- 

duction, and  to  eliminate  problems  of  overlap  with 
large  rocket  motor  programs.  .  .  .  October  will  mark 
completion  of  the  first  phase  of  a  $2.3  million  con- 

struction program  to  extend  the  major  production 
and  test  facilities  at  North  American  Aviation, 
Inc.'s  McGregor  (Tex.)  Solid  Rocket  Division  AF 
Plant  66.  Two  pits  for  casting  and  curing  of  solid 
propellant  rocket  motors,  two  propellant  mix  build- 

ings and  a  nondestructive  test  facility  will  be  com- 
pleted with  the  first  phase.  New  facilities  will  double 

the  dAvision's  processing  capability,  bringing  annual 
production  of  high-energy  castable  propellant  to 
12  million  lbs.  Building  the  facilities  are  Warrior 
Constructors  of  Houston.  .  .  .  Perkin-Elmer  Corp. 
will  build  a  precision  optics  facility  at  Vero  Beach, 
Fla.  Construction  date  has  not  been  announced.  The 
company  said  aerospace  activity  in  Fla.  and  climate 
that  would  attract  employees  should  facilitate 
expansion  of  production  capability  sufficiently  to 
justify  the  new  operation.  .  .  .  Inter  chemical  Corp. 
has  begun  construction  of  a  135 ,000-sq.-ft.  research 
complex  at  Clifton,  N.J.  Completion  of  the  center 
is  expected  within  a  year.  .  .  .  Lockheed  Propulsion 
Co.'s  Potrero  facility  near  Beaumont,  Calif.,  has  a 
new  25-million-electron-volt  betatron  that  can  X-ray 
through  eight  inches  of  steel  with  only  90-sec.  ex- 

posure. Previous  techniques  required  a  two-day 

exposure.  Despite  its  25-MEV  capability,  the  beta- 
tron is  so  versatile  that  it  can  be  operated  at  as  low 

as  a  two-MEV  level,  and  can  inspect  rocket  motors 
ranging  from  10  to  156  in.  in  dia.  Two-story  housing 
for  the  betatron  was  designed  by  Quinton  Engineers, 
Ltd.,  of  Los  Angeles.  .  .  .  Philco  Corp.'s  TechRep 
Div.  moved  to  Houston  from  Dallas  recently.  Aim  is 
to  effect  closer  liaison  with  NASA.  The  division  will 
continue  to  serve  the  same  territory  in  government, 
industrial  and  educational  markets.  .  .  .  Rantec 
Corp.,  Calabasas,  Calif.,  has  opened  a  new  22,000- 
sq.-ft.  engineering  and  administrative  center  that 
provides  for  complete  future  interchange  of  lab  and 
office  configurations.  Building  design  was  by  Charles 
Luckman  Associates. 

Space  Personnel  Community  Planned 
Humble  Oil  and  Refining  Co.  and  Del  E.  Webb 

Corp.  will  build  an  $ll-million  residential  and  com- 
mercial community  near  the  NASA  Manned  Space 

Flight  Center  near  Houston.  A  motel,  a  school, 
model  homes,  offices  and  apartment  buildings  will 
be  ready  for  arriving  NASA  personnel  by  next 
spring.  A  trailer  park  and  a  shopping  center  will 
also  be  open  by  then.  Called  Clear  Lake  City,  the 
new  community  will  occupy  15,000  acres  and  will 
grow  to  a  population  capacity  of  140,000  by  1980, 
developers  predict. 

Potpourri 
The  MB-3  propulsion  system  in  the  Thor  inter- 

mediate-range ballistic  missile  has  had  more  con- 
secutive flight  successes  than  any  other  U.S.  high- 

thrust  engine,  according  to  the  Rocketdyne  Division 
of  North  American  Aviation,  Inc.  MB-3  chalked  up 
100  launches  in  a  row  over  a  three-year  period,  in- 

cluding launches  in  which  the  propulsion  system 
functioned  as  programed  for  duration  of  the  flight 
even  though  the  entire  space  mission  might  not  have 
been  achieved.  By  last  August  the  Thor  had  launched 
77  space  vehicles — more  than  launched  by  any  other 
U.S.  missile.  .  .  .  Webb  &  Knapp  has  begun  drilling 
to  determine  construction  problems  at  the  site  of 
the  Washington  Space  Center  in  Washington.  Exca- 

vation will  begin  shortly  and  completion  is  planned 
for  November  1963.  The  center  will  include  two 
eight-story,  250,000-sq.-ft.  aviation  and  space  office 
buildings,  a  communications  building,  and  a  1000- 
room  hotel.  Buildings  will  be  designed  to  meet 
security-clearance  requirements  and  computer  equip- 

ment weight  loads.  Occupancy — some  of  which  has 
already  been  booked — will  be  limited  largely  to  pri- 

vate firms  in  aviation,  space,  and  communications 
fields,  though  related  government  agencies  have 
shown  interest  in  office  space  for  key  officials.  .  .  . 
Seeking  to  develop  extended  markets  overseas,  Con- 

trol Data  Corp.,  Minneapolis,  has  set  up  a  subsidi- 
ary, Control  Data  AG,  at  Lucerne,  Switzerland,  and 

sales  offices  at  Zurich,  Switzerland  and  Bad  Hom- 
burg,  Germany.  Other  subsidiaries  in  Europe  and 
Scandinavia  are  planned  by  the  end  of  this  year. 
C-D  is  a  major  U.S.  manufacturer  of  large-scale 
digital  computer  equipment  for  research,  engineer- 

ing and  control  applications. 
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contracts  and  procurements 

AWARDS 

AIR  FORCE 

$19,985,000 — Boeing  Co.,  Seattle,  Wash.,  for 
follow-on  research  and  development  for  the 
Mlnuteman  weapon  system  (supplemental  con- tract). 

$17,325,000 — Martin  Marietta  Corp.,  Baltimore, 
Md.,  for  continued  work  on  the  Titan  missile 
program  at  Denver,  Baltimore  and  Cape  Ca- naveral (2  contracts). 

$15,000,000 — American  Telephone  and  Telegraph, 
New  York  City,  for  operation,  maintenance 
and  support  of  the  Distant  Early  Warning 
System. 

$11,900,000 — Hercules  Powder  Co.,  Wilmington, Del.,  for  continued  research  and  development 
of  Minuteman  rocket  at  Baccus,  Utah. 

$8,000,000 — North  American  Aviation,  Inc.,  Los 
Angeles,  Calif.,  for  research  and  development 
for  the  Minuteman  guidance  and  control  sys- 

tem (supplemental  contract). 
$7,300,000 — American  Air  Filter  Co.,  Rock  Island, IU.,  for  installation  and  environmental  control 

equipment  for  launch  facilities  and  launch 
control  personnel  at  Ellsworth  Air  Force  Base, 
S.D.,  Minuteman  sites  (3  supplemental  con- tracts). 

$5,500.000 — International  Business  Machines  Corp., 
New  York  City,  for  maintenance  and  logistic 
support  of  SAGE  computer  systems. 

$5,000,000 — General  Dynamics  Corp.,  New  York City,  for  space  parts  and  related  material  for 
Atlas  missiles.  Work  to  be  done  at  San  Diego, 
Calif. 

$4,000,000— Lockheed  Aircraft  Corp.,  Burbank, 
Calif.,  for  research  and  development  for  a 
space  program. 

$3,710,333— General  Electric  Co.,  New  York  City, for  development,  manufacture,  installation, 
test  and  evaluation  of  a  modified  precision 
trajectory  measurement  system  for  ballistic 
missile  tests  and  evaluation.  Work  to  be  done 
in  Syracuse,  N.Y.  and  on  the  Atlantic  Mis- 

sile Range. 

$2,550.000— General  Electric  Co.,  New  York  City, for  work  on  the  Titan  II  program  at  Phila- 
delphia, Pa.  (supplemental  contract). 

$2,000,000— General  Dynamics  Corp.,  New  York City,  for  installation  and  checkout  of  Atlas missiles. 

$2,500,000— Lockheed  Aircraft  Co.,  for  continued 
research  and  development  of  space  systems. 

$1,309,809— Radio  Corp.  of  America,  New  York 
City,  for  production  of  a  prototype  optical 
surveillance  subsystem.  Work  to  be  done  at 
Burlington,  Mass. 

$1,308,721 — General  Precision  Inc.,  Tarrytown, N.J.,  for  depot  level  maintenance  and  neces- 
sary factory  repair  of  components  of  flight 

simulators  and  training  devices.  Work  to  be 
done  at  Binghamton,  N.Y.,  and  various  instal- lations. 

$1,121,416— Lockheed  Aircraft  Corp.,  Burbank, Calif.,  for  work  on  a  classified  program. 

$295,345 — General  Electric  Co.,  Santa  Barbara, 
Calif.,  for  studies  on  information  processing  in command  and  control. 

ARMY 

$7,211.000— Western  Electric  Co.,  New  York 
City,  for  production  of  missile  guidance  sec- tions for  the  Nike  Hercules  missile. 

$4,673,327— Ets-Hokin  and  Galvan,  Inc.,  San  Fran- cisco, Calif.,  for  the  construction  of  main 
structural  portions  of  a  test  stand  at  the 
George  C.  Marshall  Space  Flight  Center, 
Huntsville,  Ala.,  for  static  firing  the  first  stage 
of  the  Saturn  C-5  Apollo  moon  rocket. 

$2,700,000 — Ford  Motor  Co.'s  Aeronutronic  Div., 
Newport  Beach,  Calif.,  for  continued  develop- ment work  on  the  Shillelagh  missile  system. 

NAVY 

$3,100.000 — Sperry  Gyroscope  Co.,  Great  Neck, 
N.Y.,  for  14  advanced  design  checkout  con- soles that  will  further  assure  combat  readiness 
of  Polaris  submarine  navigation  systems. 

$1,232,343— Martin  Marietta  Corp.,  Orlando,  Fla., for  transmitter  radios  for  the  Bullpup  weapons 
system. 

$279.000— Bulova  Watch  Co.,  Inc.,  New  York 
City,  for  mechanical  fuzes  for  the  warhead  of 
Bullpup  missiles. 

INDUSTRY 
$  1 ,400,000 — General  Dynamics-Electronics,  San 

Diego,  Calif.,  from  International  Telephone  and 
Telegraph  Federal  Laboratories,  for  electronics 
equipment  to  be  used  in  a  control  system 
being  created  for  SAC. 

$1,000,000— Electronic  Specialty  Co.,  Los  Angeles, 
Calif.,  from  Lockheed  Electronics  Co.,  Plain- 
field,  N.J.,  for  PICO  (micro-micro)  miniature 
relays  to  be  used  in  Lockheed's  MADRAC system  (Malfunction  Detection  and  Recording). 

$50.000 — Thompson  Ramo  Woolridge,  Inc.,  RW 
Div.,  Los  Angeles,  Calif.,  from  the  Applied 
Physics  Laboratory  of  Johns  Hopkins  Uni- 

versity, for  research  on  a  prototype  "woven 
screen"  computer  memory  plane  for  possible 
use  in  the  Navy's  navigational  satellite  system. 

North  American  Aviation,  Inc.'s  Los  Angeles  Div., from  Coordinating  Research  Council,  Inc.,  for 
a  fuel  system  test  program  as  part  of  the 
supersonic  transport  (SST)  research  program 
(undisclosed  amount) . 

REQUESTS  FOR  BIDS 

GENERAL  PROCUREMENTS 
U.S.  Army  Missile  Command 
Redstone  Arsenal.  Ala. 
Attn:  AMCPM-SEPM 
Guidance  section,  guided  missile,  AN/DJW-8. 

Control  surface  assembly  guided  missile.  Non- 
recurring tooling,  recurring  tooling.  Notice  is 

given  that  available  specs,  plans  or  drawings  re- 
lating to  this  procurement  do  not  fully  provide 

all  necessary  manufacturing  and  construction  de- 
tails. Request  for  proposal  has  been  issued  to 

Sperry  Rand  Corp.,  Sperry  Utah  Co.  Div.,  322 
N.  21st  Street  West,  Salt  Lake  City,  Utah.  Se- 

curity clearance  will  be  required  of  successful bidder  or  offeror. 

General  Support  Div. 
Directorate  of  Procurement  &  Production 
U.S.  Army  Missile  Command Redstone  Arsenal,  Ala. 
The  Army  proposes  to  procure  from  Northrop 

Corp.,  Ventura  Div.,  engineering  services  in  con- 
nection with  the  Type  III  (RP-76)  target  missile 

system.  All  inquiries  concerning  subcontracting 
opportunities  in  connection  with  the  procurement 
of  these  services  should  be  addressed  to  North- 

rop Corp.,  Ventura  Div.,  Van  Nuys,  Calif. 

National  Aeronautics  and  Space  Administration 
Launch  Operations  Center 
Procurement  and  Contracts  Office Cocoa  Beach,  Fla. 
Provide  two  space  environmental  air  condition- 

ing control  systems,  no  test  chambers,  one  for 
Launch  Complex  37A,  one  for  Launch  Complex  34, 
required  for  configuration  of  Saturn  vehicle.  Per- form all  necessary  procurement  modification  and 
testing  at  contractor's  plant,  shipping  to  and installation  at  Cape  Canaveral.  Functional 
checkout  of  systems  after  installation.  Each 
system  comprises  four  major  items.  This  is  a 
reissue  of  IFB  CC-37-2,  synopsized  6-11-62,  and 
contains  additional  revisions  of  specs.  Job— IFB 
CC-21-3.  Bid  opening  9-21-62.  Contact  LO-P&C- 
P.  Mr.  E.  E.  Murchison,  305-783-8034  for  addi- tional info  if  required. 

U.S.  Army  Engineer  District  Los  Angeles 
Corps  of  Engineers 751  Figueroa  St. 
Los  Angeles,  Calif. 
Emergency  rocket  communication  system  at 

Vandenberg  AFB,  Calif,  Job— IFB  ENG-04-353- 63-13.  Bid  opening  9-11-62.  Approximate  value 
$200,000.  Specs  and  plans  available  at  $10  per  set. 
Make  check  or  money  order  payable  to  Treasurer 
of  the  U.S.  and  forward  to  Attn :  Plan  Room, 
above  address.    Charges  are  not  refundable. 

U.S.  Army  Engineer  District  Jacksonville 
575  Riverside  Ave. 
Jacksonville,  Fla. 
Construction  of  modifications  to  Complex  12 

service  tower  (NASA ) ,  Cape  Canaveral  Missile 
Test  Annex,  Air  Force  Missile  Test  Center,  Pat- 

rick AFB,  Fla.  Job— IFB  ENG-NASA-08-123-63-7B. 
Bid  opening  9-27-62.  Payment  in  advance  of  $10 
per  set  of  drawings  and  specs  is  required  before 
papers  will  be  furnished.  Payment  will  not  be 
refunded.  Approximate  cost  $250,000. 

Picatinny  Arsenal 
Picatinny,  N.  J. 
Device  dud  recovery,  mobile  less  vehicle,  ap- 

proximate weight  1700  lbs.  Material  steel  and 
aluminum.  Delivery  one  each  within  60  calendar 
days  from  date  of  award.  Balance,  one  each  there- 

after until  completion.  FOB  contractor's  plant. Bid  forms  available  at  all  Ordnance  Districts. 
Item  A,  6  each  or  Item  B,  3  each— IFB  63-28B- 
Bid  opening  9-16-62. 

Defense  Construction  Supply  Center 
Defense  Supply  Agency 
52  Starling  St. 
Columbus,  Ohio 

Repiar  parts,  various  manufacturers'  numbers, to  support  the  Pershing  weapons  system.  Deliv- eries to:  Columbus.  Ohio;  Memphis  General  Depot, 
Memphis,  Term. ;  Utah  General  Depot,  Ogden, 
Utah.  Requests  for  proposals  have  been  issued  to 
Martin  Marietta  Co.,  the  prime  manufacturer  and 
other  coded  subcontractors — RFP-DSA — 7-63-Neg. —430.  RFP  due  date  9-14-62. 

Procurement  Branch 
Aberdeen  Proving  Ground,  Md. 
Furnish  personnel,  materials  and  equipment 

and  facilities  for  the  development  of  ballistic 
measurement  equipment.  The  work  and  services 
to  be  performed  will  essentially  consist  of  task 
assignments  directed  by  the  technical  supervisor 
and  will  include,  but  not  be  limited  to,  electronic 
instruments,  subassemblies  of  components,  systems 
of  equipment,  special  antennas  and  detection 
systems.  The  rate  of  effort  outlined  above  is 
estimated  at  10.000  man  hours  of  which  approxi- mately 80%  is  manufacturing  labor  and  20% 
engineering  due  to  the  close  liaison  required  be- tween the  technical  supervisor  and  the  contractor. 
Request  for  proposals  will  be  limited  to  firms 
within  a  radius  of  50  mi.  of  Aberdeen  Proving 
Ground,  Md.  RFP  available  from  the  Philadelphia 
Ordnance— RFP  due  in  the  district  office  9-27-62— RFP  RD-APG  12-63. 
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Electronics  capabilities  -  at  Boeing  Aero -Space  Division 

More  than  4,000  of  Boeing's  Aero-Space  Division's 
personnel  are  engaged  in  electronics  research,  design, 
manufacturing  and  applications  activities. 

Twenty-one  electronics  organizations  provide  everything 
from  advanced  research  to  the  components  and  total  sys- 

tems required  by  the  Division's  programs.  General  areas 
of  activity  include  countermcasures,  radar  optical  systems, 
infrared,  communications,  radio  navigation,  antenna  de- 

velopment, electrical  materials  and  radiation-effect  studies. 
Currently,  Aero-Space  Division  is  manufacturing  the 

launch  control  system  for  Minuteman,  flight  electronics  for 
the  X-20  (Dyna-Soar)  space  glider,  hydrofoil  autopilot 
system  interface  equipment,  security  systems,  an  orbital 
tracker  and  airborne  communications. 

In  electronics,  as  in  all  phases  of  systems  management, 
emphasis  on  quality  control  and  reliability  engineering  has 

contributed  toward  the  Division's  outstanding  record  of 
performance.  It  has  also  assured  the  design  and  develop- 

ment of  superior  products,  manufactured  and  delivered 
on  schedule. 

AERO-SPACE  DIVISION 
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UPl 

needs 

SENIOR  ELECTRONIC 
DESIGN  ENGINEERS 

To  design  flight  hardware  to  be  used 
in  lunar  and  planetary  spacecraft.  Re- 

sponsibilities begin  with  initial  design 
and  carry  on  through  spacecraft  sys- 

tems tests. Specific  assignments  involve: 
Auto-calibration  and  checkout 
of  PCM  space  telemetry  systems. 
Optimum  data  filtering  prior  to 
analog  to  digital  conversion. 
Special  purpose  digital  computer 
for  optimum  detection  of  pulse 
code  modulation. 

BSEE  or  MSEE  is  desired. 

Send  complete  resume  to 
PERSONNEL  DEPT. 

JET  PROPULSION 
LABORATORY 

Operated  by  California  Institute  of  Technology  for 
the  National  Aeronautics  &  Space  Administration 
4808  OAK  GROVE  DR.  •  PASADENA,  CALIF. 

"An  equal  opportunity  employer" 

High  Mass  Flow 

•  Impellers 

•  Inducers 

•  Rotors 

Area  Code  607-AR  2-8500 
1001  Hudson  Street  Ext.,  Ithaca,  New  York 

products  and  processes 

A  tik  CA 

New  Product  of  the  Week: 

PCM/PM  Modules 

PCM/PM  PLUG-IN  type  modules 
for  searching,  tracking  and  locking  onto 
carrier  signals  (as  low  as  —145  dbm 
and  which  will  maintain  lock  at  —150 
dbm)  from  missiles  and  satellites,  have 
been  developed  by  Vitro  Electronics. 

The  solid-state  modules  incorporate 
anti-sideband  locking  to  assure  accurate 

carrier  tracking.  AGC  of  the  equipment 
has  been  maintained  for  signal  strength 
lower  than  locking  threshold.  An  ultra- 
linear  phase  detector  is  used  to  guaran- 

tee low  distortion  reception  with  a  sig- 
nal modulation  as  high  as  one  radian.  A 

pulse  reshaping  circuit  is  included. 
Circle  No.  225  on  Subscriber  Service  Card 

Waveform  Multiplexing 

A  method  of  multiplexing  known  as 
Orthomux  has  been  developed  by  Ber- 

nard Electronics  Co.  Either  discrete 
digital  or  proportional  analog  modula- 

tion may  be  used  on  different  channels 
simultaneously  and  an  automatic  refer- 

ence for  all  control  signals  can  be  trans- 
mitted. Greater  rejection  of  extraneous 

noise  and  interference  is  possible,  to- 
gether with  simplified  automatic  syn- 

chronization, precluding  the  possibility 
of  frame  slippage.  Additional  channels 
can  be  incorporated  by  adding  extra 
modules. 

Applicable  to  any  multi-channel 
system  including  voice,  teletypewriter, 
telemetry  and  digital  data  link,  Ortho- 
mux  uses  correlation  process  to  separate 

44 Circle  No.  6  on  Subscriber  Service  Cord 

the  carriers  and  to  recover  the  informa- 
tion on  each  channel. 

The  manganese  dioxide  is  available 
in  two  grades;  GEM-250  and  GEM- 
251,  the  alkali  content  of  the  former 
being  less  then  0.04%  and  of  the  latter 
of  0.013%.  GEM-81  calcium  carbonate 
and  GEM-90  are  of  higher  purity  than 
is  normally  supplied  to  the  pharmaceu- 

tical industry.  Barium  carbonate,  GEM- 
110,  white  powder  having  a  needle-like 
particle  shape.  Aluminum  oxide  is  avail- 

able in  two  particle  size  ranges;  0.03- 
0.07  micron  and  0.3-0.7  micron. 

Circle  No.  226  on  Subscriber  Service  Card 

Magnetic  Stepping  Motor 
A  version  of  the  Cyclonome®  mag- 

netic stepping  or  impulse  motor,  capable 
of  delivering  350  gm.cm.  of  torque  in 
discrete  18°  steps,  has  been  developed 

missiles  and  rockets,  September  10,  1962 
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The  men  of  Aerospace  probe  all  disciplines  of  the  space  sciences.  Chartered  exclusively  to  serve  the  United  States 

Government,  Aerospace  Corporation  applies  the  full  resources  of  modern  science  and  technology  to  advanced  space  and 

ballistic  missile  systems.  □  As  part  of  the  Air  Force-science-industry  team,  the  men  of  Aerospace  evaluate  and  stimulate 

the  free  flow  of  information  that  results  in  the  imaginative  concepts  required  for  national  leadership  in  space.  From  concept 

to  countdown  and  beyond,  Aerospace  provides  advanced  systems  analysis  and  planning;  theoretical  and  experimental  research; 

general  systems  engineering  and  corresponding  technical  direction  of  programs.  □  Aerospace  Corporation,  an  equal  opportunity 

employer,  now  needs  more  men  to  meet  these  responsibilities.  Highly  skilled  engineers  and  scientists  with  advanced  degrees, 

knowledgeable  in  interdisciplinary  problem  solving,  are  urged  to  contact  Mr.  Charles  Lodwick,  Room  105,  Aerospace  Corpora- 
tion, E  O.  Box  95081,  Los  Angeles  45,  California.  □  Organized  in  the  public 

interest  and  dedicated  to  providing  objective  leadership  in  the  advancement 

and  application  of  science  and  technology  for  the  United  States  Government. 
^AEROSPACE 
^CORPORATION 
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by  Sigma  Instruments,  Inc.  The  motor 
is  useful  for  process  control  and  other 
instrumentation  loads,  magnetic  tape, 
recording  strip  charts,  rotary  indexing 
mechanisms  and  switching  devices. 

Model  9AG000  Cyclonome  has  an 
operating  value  of  300  ampere-turns, 
saturation  value  of  800  ampere-turns, 
and  holding  torque  with  no  current  in 
the  winding  of  500  gm.cm. 

Circle  No.  227  on  Subscriber  Service  Card 

Linear-Phase  Shifter 

A  wide-band  linear-phase  shifter 
using  a  variable  ultrasonic  delay  has 
been  developed  by  Anderson  Labora- 

tories. The  unit  provides  an  extremely 
linear  phase  vs.  frequency  shift  over 
bandwidths  of  10  Mc/S  or  more.  Fre- 

quency ranges  from  10-60  Mc.  are 
available.  Delay  changes  may  be  speci- 

fied within  the  range  of  2-200  usee. 
Resolution  is  infinite  and  phase  adjust- 

ment to  1  °  is  possible. 
Circle  No.  228  on  Subscriber  Service  Card 

High-Temperature  Crucibles 
Space  Age  Materials  Corp.  is  mar- 

keting high-temperature  crucibles 
known  as  PYRO-CRU  which  can  be 
used  at  temperatures  of  3400°C  in 
inert  atmospheres. 

Prolytic  graphite  has  a  density  of 

2.22  and  is  impervious  to  helium.  These 
crucibles  can  be  used  for  melting,  sin- 

tering or  compacting  refractory  metals 
— such  as  chromium,  titanium,  vana- 

dium and  silicon — as  well  as  refractory 
compounds  and  ceramics. 

Circle  No.  229  on  Subscriber  Service  Card 

new  literature 

MACHINED  TERMINALS— A  four- 
page,  two-color  brochure  on  precision- 
machined  standard  terminals  for  the 
military  and  commercial  OEM  markets 
has  been  released  by  Concord  Elec- 

tronics Corp.  Included  are  the  many 
finishes  available  for  these  terminals. 

Circle  No.  200  on  Subscriber  Service  Card 

DEVAR  PREAMPLIFIER  —  DeVar- 
Kinetics  Division  of  Consolidated  Elec- 
trodyne  Corp.  has  issued  Bulletin  No. 
IM-511  describing  the  DeVar  pream- 

plifier. Features  of  the  preamplifier  are: 
unique  inductive  calibration  which  per- 

mits continuous  range  adjustment;  high 
common  mode  and  noise  rejection;  in- 

ternal reference  junction  compensation 
for  thermocouples;  and  simultaneous 
a-c  and  d-c  output  signals.  The  two-page 
bulletin  gives  performance  specifications 
and  curves,  describes  the  principle  of  op- 

eration, and  provides  a  circuit  diagram. 
Circle  No.  201  on  Subscriber  Service  Card 

LOW-FREQUENCY  OSCILLATORS 
— A  number  of  low-frequency  crystal- 
controlled  oscillators,  for  applications 
as  a  high-stability  frequency  source  or 
high-accuracy  timer  reference,  are  de- 

scribed in  a  new  two-page  catalog 
sheet  from  Electronics  Div.,  Bulova 
Watch  Co.,  Inc.  The  sheet  is  written 
for  application,  design  or  circuit  engi- 

neers. The  oscillators  described  range 
from  1  cps  to  20  kc,  and  their  stabili- 

ties range  from  2  pp  106  to  1  pp  108 
for  an  hour's  operation.  There  are  de- 

scriptions of  other  characteristics — in- 
cluding wiring  instructions  when  binary 

dividers  are  used,  outside  dimensions, 
applicable  Mil  Specs,  etc. 

Circle  No.  202  on  Subscriber  Service  Card 

BRIDGE  PERFORMANCE  GRAPHS 

— "Design  Ideas,"  Electro  Scientific  In- 
dustries' quarterly  technical  bulletin, 

presents  a  detailed  discussion  of  a  new 
graphic  method  of  specifying  bridge 
outputs  and  detector  sensitivities  so  that 
their  combined  performance  can  be 
readily  analyzed  for  any  given  measure- 

ment. Separate  plots  of  bridge  output 
and  detector  sensitivity  are  made  for 
the  whole  range  of  impedance  values 
within  the  bridge  capabilities. 

Circle  No.  203  on  Subscriber  Service  Card 

INSPECTION  v 

PROBLEMS?  
^ 

This  booklet  is  for  you! 

This  comprehen- 
sive, elaborately 

illustrated  booklet 
provides  practical  infor- mation on  the  use  of  the 

famous  A.  C.  M.  I.  Bore- 
scope  in  various  industries, 
for  the  inspection  of  inte- 

rior areas  or  surfaces  not 
otherwise  visible— together 
with  full  data  on  the  types 
of  Borescope  available, 
and  on  their  care  and 
maintenance.  Have  you 
received  your  copy? 

To  dbnmkan  Cystoscojye  Malwisjnc. 8  PEIHAM  PARKWAY PEIHAM  MANOR.  N.  Y. 

Gentlemen:  Please  send  me  without  obligation  a  copy  of 
your  booklet  on  Borescopes. 

Name- 
Firm- 
Address- 

City  

46 
Circle  No.  207  on  Subscriber  Service  Card 

MINIATURIZED  SIGNAL  TRACER  — The  "Stetho- 
tracer,"  a  multipurpose  self-contained  signal  tracer  the  size 
of  a  fountain  pen,  for  defective  circuits  troubleshooting 
and  electronic  components  in  all  types  of  radio,  audio  and 
electronic  equipment,  is  the  subject  of  a  catalog  page  issued 
by  Don  Bosco  Electronics,  Inc.,  a  subsidiary  of  Howell 
Electric  Motors.  The  instrument  is  fully  described,  as  are 
accessories  that  adapt  it  for  use,  among  other  purposes,  as 
an  oscilloscope  or  voltmeter  preamplifier  for  detecting 
low-level  signals  in  the  microwatt  region. 

Circle  No.  204  on  Subscriber  Service  Card 

OCEANOGRAPHIC  EQUIPMENT— Hydro-Space  Tech- 
nology, Inc.,  offers  an  eight-page  brochure  plus  product 

data  sheets — complete  with  diagrams,  photographs,  and 
specifications — entitled  "Cartridge-Actuated  Devices  and 
Oceanographic  Equipment."  Ballistic  gas  generators,  explo- 

sive valves  and  bolts,  linear  thrusters,  pneumatic  systems, 
drogue  guns  and  buoyancy  devices  are  dealt  with  separately 
on  product  data  sheets  that  define  the  devices  and  explain 
their  operation  and  reliability. 

Circle  No.  205  on  Subscriber  Service  Card 

POWER  SILICON  TRANSISTORS— A  six-page  bulletin 
covering  applications  and  specifications  of  its  new  2N2034 
series  of  miniaturized  high-power  silicon  transistors  has 
been  announced  by  Silicon  Transistor  Corp.  The  illustrated, 
two-color  bulletin  also  includes  specifications  and  technical 
data  on  the  2N2034  as  well  as  on  the  2N2035  in  the  TO-8 
package,  and  on  the  2N2036  in  the  TO-37  package.  The 
latter  devices,  which  are  in  the  series,  feature  higher 
dissipation. 

Circle  No.  206  on  Subscriber  Service  Card 
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Space  &  Information  Systems  Division 

of 
North  American  Aviation 

NOW  INTERVIEWING 

for  positions  in  the  new 

Tulsa,  Oklahoma  operations 

The  Space  and  Information  Systems  Division  of  North 
American  Aviation,  Tulsa,  Oklahoma  operations,  has  many 
challenging  positions  available  for  Engineers  and  Scientists 
who  have  a  B.S.  or  advanced  degree.  These  are  career  posi- 

tions and  are  available  immediately. 

ELECTRONIC  CIRCUIT  DESIGNERS 

Data  Acquisition,  Processing 
and  Display 

Digital  Equipment 
Digital  Logic  Systems 

and  Circuits 

Voltage  Encoders  and  Decoders 
Signal  Conditioning 

and  Conversion 

Telemetry  Systems  and 
Components 

PCM  and  Associated  Circuitry 

Switching  Systems 

Programmers 
Code  Conversion 
Electronic  Packaging 

and  Layout 

RELIABILITY  ENGINEERS 

Component  Analysis 
System  Analysis 
Statistics 

Data  Processing Testing 

STRUCTURAL  SCIENCES 

Structural  Analysis 
Structural  Design 
Dynamic  Loads 
Weight  Control 
Vibration  &  Acoustics 

Materials 
Structural  Heat  Transfer 

Math  Analysis 
Mechanism  Design 

If  you  are  qualified  to  accept  challenging  work 
assignments  on  advanced  vehicles  and  manned 
space  craft,  we  urge  you  to  send  a  resume  to: 

Mr.  B.  J.  Whayne,  Employment  Administrator 
2000  North  Memorial  Drive 

P.O.  Box  8308,  Tulsa  15,  Oklahoma 
All  qualified  applicants  will  receive  consideration  for  employ- 

ment without  regard  to  race,  creed,  color,  or  national  origin. 

SPACE  &  INFORMATION  SYSTEMS  DIVISION 
North  American  Aviation 

48 

-names  in  the  news- 

Robert  L.  Johnson:  Appointed  vice 
president-director  of  Douglas  Aircraft  Co.'s Space  Systems  Center,  Huntington  Beach, 
Calif.  Also  announced  were  the  appoint- 

ments of  John  L.  Sigrist,  vice  president- 
operations;  Ted  D.  Smith,  director-SafMrn 
program;  and  Ted  Gordon,  chief  engineer- 
Salurn  program. 

John  L.  Lombardo:  Named  general 
manager  of  General  Dynamics/Electronics. 
San  Diego,  Calif. 

William  J.  Fox:  Elected  executive  vice 
president  of  Dorr-Oliver,  Inc.,  Stamford, 
Conn.  C.  Richard  Soderberg,  Jr.  elected 
a  vice  president  of  the  corporation. 

Neil  E.  Rogen:  Named  president  of  the 
newly  established  Rate  Engineering  Corp., 
Waltham,  Mass.  Ralph  S.  Bruce  named 
vice  president,  marketing;  and  Sylvester 
W.  Bies,  vice  president,  engineering. 

Paul  H.  Bottoms:  Appointed  vice  presi- 
dent-new product  development  of  Swedlow, 

Inc.,  Los  Angeles,  Calif. 

David  H.  Spiller:  Elected  secretary  of 
The  Electric  Autolite  Co.,  Toledo,  Ohio. 

D.  H.  Wilke:  Formerly  technical  direc- 
tor, named  general  manager  of  the  Mi- 

cronics  Div.,  Industrial  Group,  Elgin  Na- 
tional Watch  Co.,  Chatworth,  Calif. 

Nelson  C.  Harnois:  Appointed  execu- 
tive vice  president  of  TEMEC,  Inc.,  Van 

Nuys,  Calif. 
Earl  R.  Hinz:  Appointed  director  of 

applications  engineering  for  Northrop 
Space  Laboratories,  Hawthorne,  Calif. 

Ward  C.  Humphreys:  Elected  vice 
president  of  Kaiser  Industries  Corp.. 
Washington,  D.  C. 

John  H.  Wickham,  Jr.:  Named  head  of 
the  Photogrammetric  Systems  Div.  of 
Keuffel  &  Esser  Co.,  Hoboken,  N.  J. 

J.  J.  Ghiglia:  Appointed  vice  president 
of  Temptron,  Inc.,  Reseda,  Calif. 

Dr.  William  H.  Watson:  Former  head 
of  the  physics  department  at  the  University 
of  Toronto,  joined  the  Research  and  En- 

gineering Laboratories  of  Lockheed  Mis- 
siles and  Space  Co.  as  a  consulting 

scientist. 

Kenneth  B.  Gay:  Appointed  director  of 
material  of  North  American  Aviation,  Inc.. 
El  Segundo,  Calif. 

Col.  Richard  M.  Baker  (USMC  ret.): 
Joined  E.  W.  Bliss  Co.,  Canton,  Ohio,  as 
technical  liaison  representative. 

Edwin  B.  Gilroy:  Appointed  assistant 
to  the  president  and  director  of  personnel 
for  Voi-Shan  Industries,  Inc.,  Pasadena. 
Calif. 

Morris  Mokren:  Named  manager  of 
administration  at  Otis  Elevator  Co.'s  De- fense and  Industrial  Div.,  Santa  Ana,  Calif. 
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when  and  where 

SEPTEMBER 

Fourth  National  Conference  on  Applied 
Meteorology,  American  Meteorological 
Society,  Hampton,  Va.,  Sept.  10-14. 

Tenth  Annual  Engineering  Management 
Conference,  IRE,  Hotel  Roosevelt,  New 
Orleans,  Sept.  13-14. 

Hydrofoil  &  Air  Cushion  Vehicles  Na- 
tional Meeting,  sponsored  by  the  IAS 

and  Navy  Bureau  of  Ships,  Shoreham 
Hotel,  Washington,  D.  C,  Sept.  16-18. 

Air  Force  Association's  Sixteenth  Na- 
tional Convention  and  Aerospace  Pano- 
rama, Nellis  AFB  Gunnery  Range,  Las 

Vegas,  Nev.,  Sept.  18-23. 
Technical  Manpower  Utilization  Meeting, 

Institute  of  the  Aerospace  Sciences, 
Hotel  Commodore,  New  York  City, 
Sept.  19-20. Eleventh  Annual  Industrial  Electronics 
Symposium,  sponsored  by  IRE,  Ameri- 

can Institute  of  Electrical  Engineers 
and  Instrument  Society  of  America, 
Sheraton  Hotel,  Chicago,  Sept.  19-20. 

IRE  Conference  on  Communications, 
Roosevelt  Hotel,  Cedar  Rapids,  Iowa, 

Sept.  21-22. 
National  Power  Conference,  (ASMW- 

AIEE),  Lord  Baltimore  Hotel,  Balti- 
more, Md.,  Sept.  24-26. 

Space  Power  Systems  Conference,  ARS, 
Miramar  Hotel,  Santa  Monica,  Calif., 
Sept.  25-28. 

Symposium  on  the  Physics  of  Failure  in 
Electronics,  sponsored  by  Rome  Air 
Force  Development  Center,  USAF 
Systems  Command  and  Armor  Re- 

search Foundation,  Illinois  Institute  of 
Technology,  Chicago,  Sept.  26-27. 

Symposium  on  Dynamic  Behavior  of  Ma- 
terials, sponsored  by  the  University  of 

New  Mexico  and  Rocky  Mt.  District 
of  American  Society  for  Testing  Ma- 

terials, Statler  Hilton  Hotel,  Los 
Angeles,  Sept.  30-Oct.  5. 

OCTOBER 

National  Communications  Symposium.  In- 
stitute of  Radio  Engineers,  Hotel  Utica, 

Utica,  N.  Y.,  Oct.  1-3. 
Third  Symposium  on  Advanced  Propulsion 

Concepts,  sponsored  by  General  Elec- 
tric Co.  and  AFOSR,  Sheraton  Gibson 

Hotel,  Cincinnati,  Ohio,  Oct.  2-4. 
National  Symposium  on  Space  Electronics 

and  Telemetry,  IRE,  Fountainbleau 
Hotel,  Miami  Beach,  Fla.,  Oct.  2-4. 

10th  Annual  Human  Engineering  Institute, 
sponsored  by  Dunlop  &  Associates, 
Stamford,  Conn.,  Oct.  2-5. 

18th  Annual  National  Electronics  Confer- 
ence and  Exhibition,  sponsored  by  A  IE, 

IRE,  Illinois  Institute  of  Technology, 
Northwestern  University  and  University 
of  Illinois,  McCormick  Place,  Chicago, 
111.,  Oct.  8-10. 
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LOOKING  FOR 

MICROWAVE 

COMPONENTS? 
Turn  to  section  3400 

You'll  find  the  catalog  data 
of  these  manufacturers: 

Airtron  •  Alford  Mfg.  •  Amerac  Inc.  ' American  Electr.  Labs.  •  Antenna  & 
Radome  Res.  (ARRA)  •  Atlee  Corp.  Atlas 
Div.  •  Bird  Electr.  •  Demornay-Bonardi  • Douglas  Microwave  •  Electro  Impulse  Lab. •  Empire  Devices  •  FXR  •  Fidelitone Microwave  •  Filmohm  •  Frequency  Engrng. 
Labs.  •  Hewlett-Packard  •  JVM  Div.  Fideli- tone Micro.  •  M.  C.  Jones  Electr.  •  Kay 
Electric  •  Lei  •  Menlo  Park  Engring.  • Microlab  •  Microwave  Comp.  &  Systems 
•  Narda  Microwave  •  Paradynamics  • 
Parker  Seal  •  Polarad  Electr.  •  Port- chester  Instr.  •  Premier  Microwave  • 
Radar  Measurements  •  Sage  Labs.  •  Sierra 
Electr.  •  Sperry  Microwave  •  Transco Prods.  •  Waveline. 
eem  electronic  engineers  master 
60  Madison  Avenue  •  Hempstead,  N.  Y. 
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editorial . . . 

Power  and  the  Pentagon 

WE  WOULD  BE  against  the  increasing  centrali- zation of  military  functions  in  the  hands  of 
Secretary  of  Defense  Robert  McNamara  and  his 
DOD  staff  even  if  it  were  accompanied  by  a  show 
of  competence.  It  is  not. 

On  the  contrary,  events  of  recent  weeks  have 
raised  the  question  of  whether  DOD  management  is 
sufficiently  competent  to  run  an  unruly  girls'  board- 

ing school.  The  implications  for  the  missile/space 
industry  are  ominous. 

We  are  not  in  favor  of  unification  of  the  three 
services  and  we  are  not  in  favor  of  the  general  staff 
concept.  There  is  need  for  Pentagon  standardization 
in  such  areas  as  patent  policies,  procurement  and 
contracts,  purchase  of  common  use  items  and  per- 

sonnel programs.  Secretary  McNamara  and  his  team 
got  off  to  a  good  start  in  a  number  of  these  areas. 
We  have,  in  fact,  applauded  his  efforts  to  bring 
common  sense  into  Pentagon  procurement  practices 
(M/R,  Nov.  20,  1961,  p.  50). 

But  he  now  seems  to  have  confused  standardiza- 
tion with  unification.  The  pendulum  has  swung  too 

far  and  it  must  be  stopped.  There  is  considerable 
benefit  to  the  nation  from  properly-controlled  compe- 

tition between  the  services.  Many  of  our  most  suc- 
cessful weapon  systems  are  a  result  of  the  drive 

created  by  such  competition. 
Could  a  Polaris  system  have  come  to  fruition 

under  today's  Pentagon  management?  It  is  more 
likely  that  the  Navy,  in  the  interest  of  economy,  still 
would  be  struggling  to  fit  a  Jupiter  missile  on  a 
submarine. 

The  individual  services  must  be  permitted  more 
freedom  than  they  now  possess  to  develop  the  weap- 

ons they  need.  Individual  service  personnel  are  being 
reduced  to  the  status  of  bus  drivers  and  streetcar 
conductors — told  to  operate  the  vehicle  assigned  to 
them  by  management  or  find  a  job  elsewhere. 

The  Pentagon  civilian  management  group  is  try- 
ing to  decide  what  the  military  requirements  of  each 

service  are,  what  specific  weapons  are  required  to  fill 
those  requirements,  what  carefully-delineated  subsys- 

tems and  components  are  needed  for  those  weapons, 
what  the  dollar  cost  will  be  to  the  final  penny,  and 
what  contractors  should  be  blessed  with  the  awards. 

Perhaps  it's  a  great  way  to  build  automobiles  but 
it  won't  work  with  weapon  systems. 

It  is  an  arrogation  of  functions  beyond  the  com- 
petence of  the  DOD  staff.  It  inevitably  will  result  in 

a  deterioration  of  U.S.  military  strength.  It  also  inevi- 
tably must  result  in  a  deterioration  of  performance 

in  such  traditional  DOD  functions  as  allocation  of 
missions  between  the  services,  provision  of  the  nec- 

essary financial  management,  overseeing  of  service 
programs  to  prevent  undesirable  duplication  (not  all 
duplication  is  undesirable),  and  ascertaining  that  no 
important  research  and  development  areas  are  neg- 

lected by  the  individual  services. 
Secretary  McNamara  and  his  staff  cannot  do  well 

all  the  things  DOD  must  do  well,  together  with  all 
the  things  the  three  services  must  do  well.  Yet  that 

is  what  they  are  trying  to  do.  The  result  will  be  that 
nothing  is  done  well. 

Let's  take  a  look  at  recent  DOD  performance  in 
some  critical  management  areas. 

Politics?  Item:  DOD  management  consistently 
has  used  defense  news  releases  for  maximum  political 
benefit.  Item:  Many  weeks  ago,  we  predicted  award 
of  a  major  missile  contract  to  a  firm  in  a  politically 
sensitive  state.  Dozens  of  firms  then  were  in  the 
competition.  Our  entry  now  is  one  of  two  semi- 
finalists  and  still  looks  good.  Item:  A  top  official  of 
a  major  aerospace  firm  is  about  to  be  sacked  because 
he  became  entangled  in  the  politics  of  a  recent 
missile  award.  Politics  in  defense  management?  Most 
assuredly. 

Depressed  areas?  Sen.  Engle  (D-Calif.)  said  he 
was  advised  in  an  Aug.  15  letter  from  Ronald  M. 
Linton,  director  of  DOD  economic  utilization  policy, 
that  there  are  no  DOD  plans  to  divert  defense  con- 

tracts to  depressed  areas.  But  the  same  Mr.  Linton 
outlined  a  DOD  program  to  the  Senate  small  business 
committee  which  calls  attention  to  an  interesting 
clause:  certain  defense  contracts  require  the  prime 
contractor  to  agree  either  to  perform  50%  of  the 
contract  value  in  a  labor  surplus  area  or  subcontract 
50%  of  the  value  in  labor  surplus  areas.  If  the  con- 

tractor fails  to  agree,  the  next  low  bidder  who  is 
within  20%  of  the  lowest  bid  will  be  given  an  oppor- 

tunity to  meet  the  price  and  set-aside  provisions.  This 
can  be  death  to  competent  program  management  and 
should  be  drawing  the  strongest  industry  protests. 
Depressed  area  contracting  in  defense  management? 
Most  assuredly. 

IS  DOD  MAKING  the  fullest  use  of  the  military 
I  knowledge  and  capabilities  of  the  three  services? 
Ask  the  Air  Force,  Army  or  Navy — off  the  record, 
of  course.  Is  DOD  making  the  fullest  use  of  private 
industry  in  R&D  and  systems  engineering?  The  trend 
is  in  the  opposite  direction.  Is  DOD  making  provision 
for  close  liaison  between  industry  and  military?  Just 
the  contrary.  Look  at  the  disgraceful  blue-penciling 
by  DOD  of  AF's  planned  industry  briefing  at  Colo- rado Springs. 

"I  consider  it  both  inappropriate  and  unwise  to  ex- 
pose industrial,  congressional  and  other  non-Defense 

Department  personnel  to  forward  thinking  and  plans 
not  yet  submitted  to  Mr.  McNamara  or  me,"  Deputy 
Defense  Secretary  Roswell  Gilpatric  informed  Air 
Force  Secretary  Eugene  Zuckert  in  a  curt  memo  con- 

cerning the  briefing.  It  was  a  direct  slap  at  traditional 
Air  Force-industry  relationships. 

Congressional  and  industry  leaders  should  make 
every  effort  to  halt  the  DOD  arrogation  of  service 
functions.  A  good  place  to  start  would  be  in  Mr.  Gil- 
patric's  own  Defense  Industry  Advisory  Committee. 

There  is  no  question  that  final  power  and  au- 
thority over  the  military  should  be  in  civilian  hands. 

But  that  power  now  is  being  misused — and  the  mis- use should  be  halted. 
William  J.  Coughlin 
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The  great  paradox  of  our  time,  perhaps  of  all  time, 
is  that  peace  depends  on  our  capacity  to  fight  a 
war.  Thus  the  person  who  contributes  to  our  military 
strength,  contributes  to  the  cause  of  world  peace. 

MITRE's  contribution  is  the  design  of  command 
and  control  systems  to  give  our  military  command- 

ers the  means  to  detect  attack  and  retaliate. 

The  men  who  design  these  systems  must  think  in 
terms  of  war  and  military  operations  —  weapons, 
logistics,  communications,  intelligence,  ability  to 
destroy  and  ability  to  survive.  They  must  be  able  to 
predict  and  solve  the  problems  of  future  military 
command  within  the  reality  of  existing  or  predict- 

able electronic  capability. 

We  call  this  "Military  Command  Technology." 
MITRE's  specific  assignment  is  the  design,  de- 

velopment, evaluation,  and  integration  of  several 
interrelated,  constantly  evolving  systems.  It  en- 

compasses Command  Systems  (such  as  NORAD); 

How  would  it  be  fought? 

What  would  this  nation's  strategy  be? 
What  kind  of  decisions  would  have  to  be  made? 

How  would  the  commander  command? 

Who  and  what  would  survive? 

MITRE  is  an  independent,  nonprofit  corporation  working  with  —  not  in  competition  with  —  industry.  Formed 
under  the  sponsorship  of  the  Massachusetts  Institute  of  Technology,  MITRE  serves  as  Technical  Advisor  to  the 
Air  Force  Electronic  Systems  Division,  and  is  chartered  to  work  for  such  other  Government  agencies  as  FAA. 

Control  Systems  (such  as  SAGE);  Intelligence  Sys- 
tems (such  as  MIDAS);  and  Warning  Systems 

(such  as  BMEWS). 

The  work  involves  important  new  areas  of  tech- 
nology in  such  fields  as  communications,  intelli- 

gence, space  surveillance,  survivability,  computer 
applications,  data  processing  and  other  electronic 
techniques. 

MITRE  is  located  in  pleasant,  suburban  Boston. 
Requirements:  B.S.,  M.S.,  or  Ph.D.  in  these  dis- 

ciplines —  electronics,  physics,  and  mathematics. 
Rewards  are  competitive.  Openings  also  available 
in  Washington,  D.C.  and  Colorado  Springs,  Colo. 
Write  in  confidence  to  TNtnn^HHH 
Vice  President — Tech-  -«  Trnn 
nical  Operations,  The  \/l   I     I     LJ  L 
MITRE  Corporation,  1  ▼  1  1    1    1 V  J_y 
Box  208,  Dept.  9000,  M.i;|j.i.-rannr| 
Bedford,  MaSS.  An  Equal  Opportunity  Employer 



EXCLUSIVE  GROVE  PUSH-BUTTON 
REDUCING  &  RELIEF  REGULATOR 
Touch  the  load  button,  reference  pressure  goes  up;  hit 
the  vent  button,  pressure  reduces!  Instant-action  Grove 
model  18  Reducing  &  Relief  Regulator  is  ideally  suited 
for  statically  loading  air  dome  regulators.  Manual 
push-button  model  18  is  designed  for  panel  mounting 
Solenoid  operated  model  1  7  is  for  remote  electrical 
actuation.  6500#  maximum  inlet  pressure,  adjustable 
to  maximum  of  6000#  on  the  control  side.  Body  and 
dome  are  made  of  anodized  aluminum.  Trim  is  18-8 
CRS.  Main  diaphragm  and  relief  diaphragm,  nitrile 
rubber.  All  nylon  valves.  End  connections  H"  AND 
10050-4  or  to  suit  your  needs.  Write  for  data  now. 

GROVE  REGULATORS 

New  rapid  load  and  vent  loader  for  aerospace 

WALWORTH- GROVE -ALOYCO sales  division  of  Walworth  Company 

6529  Hollis  Street,  Oakland  8,  California 
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LEADERSHIP  IN  FLIGHT  CON
TROL  SYSTEMS 

Electronic  News,  July  30,  1962 
"Aircraft  flight  control  systems:  This  was  about  a 
$60  million  market  during  the  past  fiscal  year.  Leaders 
were  Lear  Siegler,  Inc.,  with  almost  25  per  cent.. 
LSi  Astronics'  flight  control  systems  and 

stabilization,  command,  and  maneuvering  controls 

for  high  performance  aerospace  vehicles  will 
help  take  man  to  the  moon  before  1970. 

For  more  information,  write  Dept.  MR-1950-1. 

LEAR  SIEGLER,  INC. 

I 
ASTRONICS  DIVISION 

3171  SOUTH  BUNDY  DRIVE,  SANTA  MONICA.  CALIFORNIA ■iWpr  WvirP  Cord 
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Boeing  openings  for  Electronic/ Electrical  Engineers 

Boeing's  Aero-Space  Division,  holder  of  major  contracts 
on  such  advanced  space  programs  as  Saturn,  Dyna-Soar 
and  MlNUTEMAN,  has  a  number  of  immediate,  long-range 
openings  offering  professional  challenge,  and  in  many 
instances,  unique  ground-floor  opportunities  in  newly- 
formed  divisional  organizations. 

Electronic/Electrical  engineering  assignments  are 
available  in  many  areas,  including  the  design  of  electronic 
equipment,  the  development  of  improved  design  techniques, 
electronic  parts,  electronic  packaging  techniques  and  the 

design  and  development  of  improved  electronic  systems. 
Salaries  are  commensurate  with  all  levels  of  education 
and  experience.  Minimum  requirements  are  a  B.S.  degree 
in  any  applicable  scientific  discipline.  Most  of  the  assign- 

ments are  in  the  uncongested  Pacific  Northwest,  offering 
outstanding  family  living  and  recreational  advantages. 

Send  your  resume,  today,  to  Mr.  Lawrence  W.  Blakeley, 
The  Boeing  Company,  P.  0.  Box  3822  ■  MSA,  Seattle  24, 
Washington.  Boeing  is  an  equal  opportunity  employer. 

Divisions:  Military  Aircraft  Systems   •   Transport   *   Vertol   •   AERO-SPACE  •   Industrial  Products  — Boeing  Scientific  Research  Laboratories 



preamplifiers  receivers  demodulators 

. . .  first  the  Children . . .  now  the  Father 

Can  you  imagine  one  basic  receiver  for  standard  telemetry,  space  telemetry,  Doppler, 
tracking,  monopulse  tracking,  space  diversity,  satellite  communications,  deep  space  probes, 
TV  links,  and  microwave  telemetry.  Now  there  is  one!  The  Nems-Clarke  1037  Receiver . . . 
the  biggest  technological  step  the  industry  has  ever  taken,  made  by  Vitro  Electronics. 

Historically,  Nems-Clarke  products  have  served  the  military,  and  they  have  been  used 
in  every  major  space  project.  To  this  backlog  of  engineering  experience,  Vitro  Corporation 
added  a  team  of  research  mathematicians  from  its  West  Orange  Laboratories.  This  combi- 

nation of  divisional  capabilities  developed  the  new  modular  receiver  concept  of  the  1037. 

Again,  the  varied  divisional  capabilities  of  the  Vitro  Corporation  have  worked  together  to 
find  better  ways  that  cost  less.  This  application  means  progress  in  space  communications. 

■V/frn 

VITRO    CORPORATION    OF   AMERICA   •   261   MADISON   AVENUE    •    NEW  YORK  16,  NEW  YORK 
4  Circle  No.  3  on  Subscriber  Service  Card 
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THE  COVER 

This  150-ft.  diameter  radio  telescope  at 
Stanford  University  will  begin  probing 
space  later  this  year.  M/R's  special  report 
on  space  electronics  begins  on  p.  22. 

SEPTEMBER  77  HEADLINES 

NASA  Building  New  Radiation  Satellite  
Mariner  II  Hurtles  Toward  Venus  

Kennedy  Calls  For  U.S.  Space  Supremacy  

Astronomers  View  Sputnik  IV  Breakup  

NASA  To  Test  Apollo  at  White  Sands  

More  Rocket-Boosted  Nuclear  Tests  Due  

Contract  Awarded  for  Titan  Complex  

Autonetics  Will  Build  Improved  Polaris  Units  

STL  Develops  Low-Cost  Satellite  for  AF  
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Bell  research  makes  major  contributions 

to  aviation,  missile  and  space  programs 

BELL  ROCKET  BELT  (ILLUSTRATED)  — First  portable  rocket 
device  to  give  man  free  flight.  Publicly  demonstrated  at  Ft. 
Eustis,  Va.,  June  8, 1961,  it  is  now  being  studied  by  the  Army 
for  ship-to-shore  landings  and  carrying  the  foot  soldier  over 
streams  and  rugged  terrain. 

ALS  —All-weather,  automatic  Aircraft  Landing  System.  This 
electronic  "window  in  the  sky"  automatically  guides  planes to  safe  landings  in  foul  weather,  at  night,  even  in  heavy 
seas.  Purchased  by  the  Air  Force  and  by  the  Navy  for  in- 

stallation on  12  modern  aircraft  carriers. 

AGENA  ROCKET  ENGIME  —  Stop-and-start  engine  for  the 
Air  Force  and  NASA  satellite  and  space  probe  programs. 
It  has  put  in  orbit  more  payload  than  any  other  engine. 

HIPERNAS  High  Performance  Navigation  System.  Designed 
for  the  U.  S.  Air  Force,  this  self-compensating,  pure  inertial 

guidance  system  can  pinpoint  a  long-range  missile  on  target, 
or  guide  a  satellite  or  space  ship  to  any  point  in  the  universe. 

STEERING  GEAR  FOR  MERCURY  ASTRONAUTS— Jet  Reaction 
Controls,  developed  by  Bell,  control  the  roll,  pitch  and  yaw 
of  the  Mercury  capsule  in  space. 

EETF — Electronic  Environmental  Test  Facility  at  Ft.  Huachuca, 
Arizona.  Bell  is  operating  the  electronic  phase  of  this  pro- 

gram to  analyze  communications  interference  due  to  large 
volume  of  radio  and  electronic  equipment  being  used  in 
modern  military  operations. 

hydroskimmer— A  novel  vehicle  that  travels  over  water 
or  land  on  a  cushion  of  air.  SKMR-1,  contracted  for  by  the 
U.  S.  Navy,  is  62  feet  long  and  weighs  22  tons.  It  carries  a 
crew  of  three,  a  five-ton  payload  and  travels  at  speeds  in 
excess  of  70  miles  per  hour. 

BELL  AEROSYSTEMS  COMPANY  ■  Buffalo  5,  N  Y. OIVISIOM  OF  BELL  AEROSPACE  CORPORATION 
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New  Satellite  Program 

NASA  has  started  a  crash  pro- 
gram to  develop  a  new  satellite  for 

measurement  of  the  radiation  belt 
created  by  the  high-altitude  U.S.  nu- 

clear explosion  last  July  9. 
Space  agency  officials  said  the 

satellite  will  be  launched  in  October 
using  the  reliable  Delta  booster.  A 
second  backup  spacecraft  also  is 
being  built  by  NASA.  The  program 
is  under  direction  of  the  Goddard 
Space  Flight  Center. 

Prime  objectives  are  to  measure 
the  density  and  longevity  of  the  belt 
which  extends  from  200  to  700  miles 
above  the  earth. 

Disclosure  of  the  new  program 
indicates  that  government  agencies 
are  not  sure  of  their  conclusion  that 
the  belt  is  no  hazard  to  manned 
spacecraft. 

A  NASA-AEC-DOD  scientific  re- 
port recently  said  the  belt  would  not 

affect  Project  Mercury's  MA-8  flight 
scheduled  for  late  September  or  early 
October. 

The  new  satellites  are  to  be 
launched  from  Cape  Canaveral  in  a 
$9-million  program  as  part  of  the 
Explorer  series.  They  will  be  similar 
to  Explorer  XII,  launched  Aug.  15, 
1961  to  provide  information  on  the 
Van  Allen  radiation  belts. 

The  Delta  booster  will  be  called 
upon  to  perform  a  dog-leg  maneuver 
for  orbital  injection,  which  will  give 
the  100-lb.  satellite  a  19°  inclination 
to  the  equator  in  order  to  transverse 
the  radiation  belt.  Apogee  will  be 
9000  n.  mi.;  perigee,  150  n.  mi.; 
period,  five  hrs. 

Scientific  instrumentation,  to  be 
provided  by  Bell  Telephone  Labora- 

tories, University  of  New  Hampshire 
and  University  of  California,  will  in- 

clude two  electron-flux  experiments, 
a  magnetometer,  an  optical  aspect 
sensor  to  determine  orientation  to 
the  Sun,  an  ion-electron  experiment, 
and  an  electron  pitch  angle  detector. 

Instrumentation  will  be  redundant 
to  provide  an  expected  60-day  life- 

time. Solar  cells  of  the  satellite  will 
carry  a  glass  coating  to  lessen  radia- 

tion damage. 
John  W.  Townsend,  Jr.,  assistant 

director  of  Goddard,  is  project  man- 
ager. Dr.  Wilmot  Hess  is  scientific 

advisor. 

Shots  of  the  Week 

A  terse  announcement  Sept.  6 
revealed  that  the  Navy's  new  2500- mile  Lockheed  Polaris  AS  failed  to 
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achieve  its  full  flight  distance  after 
launch  from  a  land  pad  at  Cape 
Canaveral.  Observers  said  the  mal- 

function appeared  to  be  in  the  mis- 
sile's second  stage.  They  noted  a 

bright  flash  similar  to  an  explosion 
after  first  stage  burnout  and  before 
the  second  stage  continued  on. 

•  A  Martin  Titan  II  was  success- 
fully launched  from  Cape  Canaveral 

Sept.  12  on  a  5000-mile  flight  down 
the  Atlantic  Missile  Range. 

With  Mariner  Toward  Venus 

NASA's  Mariner  II  spacecraft  at 
12  noon  EDT  Sept.  11  was  2,548,905 
miles  from  the  Earth  and  travelling 
at  6512  mph.  The  447-lb.  spacecraft 
was  launched  from  Cape  Canaveral 
Aug.  27. 

On  Sept.  4,  a  planned  midcourse 
correction  was  carried  out  success- 

fully and  the  flight  path  of  the  space- 
craft was  altered  to  bring  Mariner 

II  within  9000  miles  of  Venus  Dec.  14. 

Kennedy  Backs  Space  Effort 
President  Kennedy  has  called  on 

the  nation  to  support  any  effort 
necessary  to  make  the  U.S.  supreme 
in  space. 

The  President,  in  a  Sept.  12 
speech  in  Houston,  declared  the  U.S. 
must  overtake  Russia  to  insure  that 
space  is  not  used  for  military  pur- 

poses. The  speech  followed  a  visit  to 
NASA's  Manned  Spacecraft  Center 
located  in  the  same  city.  On  a  two- 
day  tour,  the  chief  executive  also 
visited  the  Marshall  Space  Flight 
Center,  Cape  Canaveral  and  McDon- 

nell Aircraft  Corp.'s  Project  Gemini 
operations  in  St.  Louis. 

Sputnik  IV  Breaks  Up 

A  14-lb.  chunk  of  steel  tentatively 
identified  as  part  of  Russia's  Sputnik 
IV,  launched  May  15,  1960  has  been 
subjected  to  radiological  tests  at  Los 
Alamos  Scientific  Laboratory. 

The  saucer-shaped  steel  plate 
weighed  20  lbs.  when  it  landed  Sept. 
15,  white  hot,  in  Manitowoc,  Wis. 

While  its  radiation  level  was  so 
low  the  piece  could  be  handled  with 
complete  safety,  it  was  still  higher 
than  that  registered  by  any  previous 
object  recovered  from  space.  One 
reason  for  this  is  the  fact  that  the 
sample  was  analyzed  only  three  or 
four  days  after  it  was  found.  An- 

other reason  is  that  if  it  is  part  of 
Sputnik  IV,  it  has  been  in  space  for 

2y2  years. Principal  evidence  for  believing 

it  is  part  of  Sputnik  IV  is  that  U.S. 
astronomers  had  been  tracking  the 
Russian  satellite  several  days,  antici- 

pated its  probable  breakup  in  the 
atmosphere  and  actually  witnessed 
the  event  by  telescope.  Recovery  spot 
in  Wisconsin  closely  corresponded 
with  the  predicted  landing. 

Lockheed  Names  Gribbon 
Daniel  J.  Gribbon  succeeds  David 

F.  Sanders  as  president  of  Lockheed 
Electronics  Co.,  Plainfield,  N.J.  Grib- 

bon, former  assistant  general  man- 
ager of  Lockheed  Missile  &  Space 

Co.'s  Space  Systems  Div.,  was  also elected  to  the  board  of  directors  of 
Lockheed  Aircraft  Corp.  He  is  a  vice 
president  of  the  corporation. 

Apollo  Tests  at  White  Sands 

NASA  will  spend  $15  to  $18  mil- 
lion for  facilities  to  test  the  Apollo 

spacecraft's  propulsion  and  abort 
systems  at  White  Sands  Missile 
Range,  New  Mexico. 

Facilities  for  flight  tests  of  the 
abort  system  and  the  lunar  excur- 

sion module  will  be  ready  in  January, 
1963.  Static  test  sites  for  the  firing 
of  propulsion  systems  will  be  opera- 

tional in  mid-1963. 
White  Sands  was  selected  for  the 

abort  tests  because  of  a  requirement 
for  a  highly  instrumented  land  im- 

pact area,  NASA  officials  said.  The 
propulsion  development  site  was 
chosen  from  15  potential  areas  be- 

cause of  toxic  fuel  safety  require- 
ments necessitating  a  remote  area. 

The  propulsion  complex  will  in- 
clude three  test-firing  stands,  a  con- 

trol center  blockhouse,  storage  and 
utility  buildings  and  an  administra- 

tive services  center.  The  88-sq.-mi. 
site  will  be  large  enough  to  conduct 
hovering  and  landing  development 
tests  of  the  lunar  excursion  module. 

The  Apollo  service  module  pro- 
pulsion system,  under  contract  to 

Aerojet-General,  also  will  be  tested. 
Construction  work  at  the  propulsion 
site  will  be  directed  by  North  Ameri- 

can Aviation,  Inc. 
Location  of  the  complex  will  be 

on  the  western  edge  of  the  range 
about  20  miles  from  Las  Cruces,  N.M. 

In  the  White  Sands  Missile  Range 
flight  test  area  proper,  a  program 
of  off-the-pad  and  in-flight  tests  will 
be  conducted  in  the  development  of 
the  Apollo  spacecraft  escape  systems. 
Existing  launch  facilities  at  the 
southern  end  of  the  range  will  be 
modified  for  the  tests. 

The    flight    tests — utilizing  the 



Little  Joe  II  booster — will  duplicate 
launch  and  initial  flight  conditions 
which  may  be  encountered  on  actual 
Apollo  missions. 

Little  Joe  II  will  be  a  fin-sta- 
bilized, solid-fuel  launch  vehicle  simi- 

lar in  concept  and  about  twice  the 
size  of  the  original  Little  Joe  used 
for  similar  tests  of  the  Mercury 
spacecraft. 

The  Little  Joe  II  design  calls  for 
a  cylindrical  body  154-in.  in  diameter 
to  house  its  propulsion  system.  The 
launch  vehicle  itself  will  be  about 
30-ft.  from  base  to  tip.  With  the  pay- 
load — which  at  times  will  include  the 
command,  service  and  lunar  excur- 

sion modules,  as  well  as  the  escape 
tower — the  test  vehicle  will  measure 
85  ft. 

A  cluster  arrangement  of  as 
many  as  seven  Aerojet  Algol  and 
Thiokol  Recruit  rocket  motors  will 
provide  the  power.  The  combination 
and  number  of  motors  used  will  de- 

pend on  the  payload  and  require- 
ments of  each  test. 

A  new  launch  pad  is  being  de- 
signed especially  for  the  program. 

It  will  be  a  steel  structure  mounted 
on  a  concrete  foundation  and  will 
have  a  remotely  adjustable  launch- 

ing angle.  The  flight  vehicles  will  be 
launched  northward  over  the  100- 
mile-long  range.  A  40-mile  extension 
is  available  if  needed. 

Nuclear  Tests  To  Continue 

In  a  surprise  announcement  last 
week,  the  Defense  Department  and 
the  Atomic  Energy  Commission  re- 

vealed that  the  U.S.  will  conduct  a 

"few"  atmospheric  nuclear  tests 
beginning  late  this  month.  The  se- 

ries will  include  three  high-altitude, 
rocket-launched  tests. 

Reconstruction  of  the  Thor  launch 
facilities  at  Johnston  Island  has  been 
under  way  since  a  July  25  launch 
failure  caused  extensive  fire  and  ex- 

plosion damage. 
The  high-altitude  tests  are  to  be 

conducted  at  approximately  20,  50 
and  80  mi.  altitudes  to  provide  an 
experimental  profile  of  radar  black- 

out and  missile  warhead  neutralizing 
effects.  All  three  explosions  are  ex- 

pected to  be  of  less  than  one  mega- 
ton yield. 
With  the  extension  of  the  high- 

altitude  series,  DOD-AEC  officials 
have  won  White  House  approval  for 
desirable,  high  priority  atmospheric 
tests  which  they  were  not  able  to 
accomplish  at  Christmas  Island 
under  the  President's  tight  two-to- 
three-month  original  deadline.  In 
addition,  Defense  officials  feel  that 
valuable  weapons  design  information 
obtained  from  the  early  tests  should 
be  explored  further. 
8 

Though  the  number  of  atmos- 
pheric tests  was  not  specified,  offi- 

cials conceded  that  the  word  "few'' should  be  taken  quite  literatlly. 
Between  April  28,  when  the  at- 

mospheric test  series  began,  and 
July  12,  when  the  government  an- 

nounced conclusion  of  the  Christmas 
Island  phase  of  the  nuclear  testing, 
the  U.S.  had  conducted  some  25  tests. 

Only  one  of  the  nuclear  devices 
in  the  high-altitude  series  was  suc- 

cessfully detonated — on  July  9.  This 
device,  estimated  at  about  two  mega- 

tons and  detonated  at  about  200 
miles,  created  a  totally  unexpected, 
highly  persistent  inward  extension 
of  the  Van  Allen  radiation  belt.  A 
shot  planned  at  500  miles  reportedly 
was  cancelled  to  preclude  further 
disturbances  of  the  radiation  belt. 

Construction  at  the  Cape 

The  Corps  of  Engineers  has 
awarded  a  contract  to  Consteel-Ets- 
Hokin  &  Galvan,  Cocoa  Beach,  Fla., 
to  modify  Titan  Launch  Complex  19 
for  Gemini. 

The  $1,269,117  contract  calls  for 
construction  of  new  propellant  hold- 

ing areas  for  the  Titan  II,  a  new 
white  room,  modification  of  the  um- 

bilical tower  and  construction  of 
decontamination  and  ready  rooms. 

Completion  date  has  been  set  for 
Feb.  1,  1963. 

The  Corps  also  has  called  for  bids 
on  two  more  Cape  Canaveral  con- 

struction projects. 
Bids  will  be  opened  Oct.  10  for 

construction  of  a  two-story  missile 
research  laboratory  to  be  used  by 
the  Air  Force.  Estimated  cost  runs 
to  $400,000. 

The  second  project  calls  for  bids 
to  be  opened  Oct.  4  for  construction 
of  two  government-furnished  prefab 
steel  buildings  to  serve  as  ware- 

houses at  the  Cape.  Estimated  cost 
of  the  work  has  been  set  at  $100,000. 

SINS  Contract  Awarded 

Autonetics  Div.  of  North  Ameri- 
can Aviation  will  build  39  improved 

Ship's  Inertial  Navigation  Systems 
(SINS)  for  the  Navy's  Lafayette- 
class  fleet  ballistic  missile  sub- 
marines. 

Under  a  $41-million  contract, 
Autonetics  will  produce  the  improved 
SINS— designated  Mark  II  Mod  2— 
for  10  Polaris  submarines  as  well  as 
nine  spares.  The  company  has  fur- 

nished navigational  systems  for  24 
of  the  29  missile-firing  submarines. 

The  Mark  II  Mod  2  system  is 
expected  to  improve  considerably  the 
overall  performance  reliability  and 
maintainability  of  SINS.  Major  im- 

provements  include:    an  improved 

inertial  system,  a  higher-capacity 
digital  computer  and  a  redesigned 
binnacle  unit  to  improve  platform 
dimensional  stability  and  environ- 

mental control. 

Michoud  Construction 

NASA  has  selected  the  firm  of 
Mason  Rust  to  manage  construction 
of  facilities  for  the  SafMrn-manufac- 
turing  Michoud  Operations.  The  com- 

pany will  award,  supervise,  monitor, 
and  coordinate  construction  of  facili- 

ties contracts  at  the  New  Orleans 
installation.  Plant  modifications  di- 

rectly related  to  the  Saturn  boosters 
will  remain  the  full  responsibility  of 
Michoud's  prime  vehicle  contractors 
— Boeing  and  Chrysler. 

Simple  Satellite  Developed 

An  inexpensive  satellite  that  can 
carry  three  or  four  experiments  in 
its  small,  tetrahedral  design  has  been 
developed  by  Space  Technology  Lab- oratories. 

The  four-sided,  pyramid-shaped 
vehicle  weighs  one  pound,  measures 
6  in.  on  a  side  and  is  priced  as  low 
as  $20,000.  STL  says  the  small  probe 
makes  it  cheaper  to  test  materials 
in  space  than  on  Earth. 

The  Air  Force  is  buying  the  gold- 
plated  tetrahedral,  designed  to  go 
aloft  aboard  other  vehicles. 

NASA  Studies  Space  Station 

Top  level  NASA  management 
held  a  lengthy  meeting  last  week  to 
discuss  a  manned  space  station  pro- 

gram. 
Informed  sources  reported  the 

Sept.  12  meeting  was  held  to  brief 
top  officials  on  the  program  and  to 
discuss  possible  fiscal  '64  funding. 
Tiros  VI  to  Track  Storms 

NASA  will  attempt  to  launch  its 
sixth  Tiros  weather  satellite  this 
this  week.  The  launch  is  scheduled 
for  Sept.  18. 

Tiros  VI  is  designed  to  provide 
meteorological  data  during  the  trop- ical storm  season. 

Originally  scheduled  for  Novem- 
ber, the  launch  date  was  moved  up 

when  the  Tiros  V  satellite  now  in 
orbit  malfunctioned.  A  random  elec- 

trical failure  cut  off  the  spacecraft's 
medium-angle  Tegea  lens. 

Because  of  the  earlier  launch 
date,  Tiros  VI  will  not  be  equipped 
to  take  infrared  pictures. 

Bainbridge  Launch  Set 

The  Navy's  first  nuclear-powered, 
guided  missile  frigate,  the  Bainbridge 
(DLGN-25),  will  be  launched  Oct.  6 
at  Bethlehem  Steel  Co.'s  Quincy, Mass.,  shipyard. 
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SCIENTISTS  AND  ENGINEERS:  Today  Motorola  is 
pacing  a  scientific  revolution  in  electronics  with  a  disciplined  approach 
to  integrated  circuit  applications.  Under  the  personal  leadership  of 
Dr.  Daniel  E.  Noble,  the  men  of  the  Military  Electronics  Division  are 
synthesizing  the  process  technology  and  device  design  capabilities 

of  Motorola's  Semiconductor  Products  and  Solid  State  Systems  Divisions 
with  military  and  space  requirements.This  coordinated  effort,  unique  in 
the  electronics  industry,  is  yielding  a  new  breed  of  reliable  integrated 

APPLICATIONS    circuit  devices  resulting  from  Motorola's 
broad  range  of  jointly  funded  contracts  with  each  of  the  three  services, 
JPL/NASA  and  other  government  agencies.  To  implement  programs 
such  as  these,  marrying  the  frontier  processing  techniques  of  diffusion, 
epitaxial  growth,  electronic  ceramics  and  thin  films  to  practical  electronic 
hardware  applications,  we  can  offer  immediate  opportunities  to  both 
systems  and  equipment  design  engineers  experienced  in  the  following  areas. 

Specification  of  design  constraints  imposed  by  integrated  circuits,  trade- 
off analyses  for  integrated  electronic  implementation,  and  electronic 

systems  specification  and  optimization.  Micro-miniature  transistor  circuit 
design,  special  solid  state  and  semiconductor  device  utilization, 
computer-aided  circuit  design,  and  subminiature  packaging  techniques, 
including  thermal  considerations  or  basic  training  in  the  solid  state  sciences. 

We  are  particularly  interested  in  programs  from  which  your  experience 
was  obtained  and  the  extent  of  your  technical  responsibility. 
Please  address  detailed  information  to  our  Manager  of  Engineering  at 
the  location  of  your  choice  for  immediate  and  confidential  attention. 

An  equal  opportunity  employer  ̂ ^^^  MOTOROLA 
Military  Electronics  Division 
SCOTTSDALE,  Arizona,  S201  E.  McDowell  Road 

CHICAGO  51,  Illinois,  1450  N.  Cicero  Ave./ RIVERSIDE,  California,  8330  Indiana  Ave. 

Mindpower  and  Manpower. . . 

shaping  the  future  in 

NTE GRATED  CIRCUIT 



...to  survive  in  space:  the  moon  and  a  Librascope  computer 

Shown  metaphoricallyfloating  in  circum- 

lunar  space  is  the  first  computer  specifi- 
cally designed  to  guide  an  exploratory 

instrument  package  to  a  soft  landing  on 

the  moon.  It  is  one  of  a  line  of  Librascope 

computers  designed  to  perform  in  space 
vehicles  and  missiles.  The  premium 

demand  for  minimum  weight  is  met  with 

LIBRASCOPE  DIVISION 

[M&LI©D©D®K] 
808  Western  Avenue,  Glendale  1,  California 

a  variety  of  general-purpose  digital  com- 
puters. These  computers  are  designed 

with  maximum  simplicity,  commen- 
surate with  functional  requirements  and 

operate  in  their  environment  with  high- 
est reliability  and  long  life.  In  space  as 

well  as  at  sea  and  in  the  air,  Librascope 

computers  pace  man's  expanding  mind. 
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The  Countdown 

WASHINGTON 

Schriever  May  Move  to  White  House 

Insiders  say  the  successor  to  Gen.  Maxwell  Taylor  as 
White  House  military  advisor  might  be  Gen.  Bernard 
Schriever  of  Air  Force  Systems  Command.  This  is  seen 
as  a  shrewd  Administration  move  to  emphasize  its  atten- 

tion to  military  space.  It  also  would  pave  the  way  for 
Schriever  to  replace  Gen.  Curtis  LeMay  as  AF  Chief  of 
Staff  when  the  time  comes. 

New  Transit  Stabilization  System 

TRAAC  stabilization  system,  which  uses  the  Earth's 
gravitational  field  for  orientation,  will  be  used  on  the 
Navy's  operational  Transit  navigation  satellite  system. 
This,  plus  the  elimination  of  completely  redundant  sub- 

systems, will  allow  the  Navy  to  reduce  weight  of  the 
operational  Transit  from  175  lbs.  to  less  than  100  lbs. 

National  Guard  to  Get  GAR-ll's 
Air  National  Guard  units  flying  F-102  fighter  inter- 

ceptors in  the  Continental  Air  Defense  system  are  to  be 
armed  with  the  Falcon  GAR-11.  The  Hughes  missile  has 
a  nuclear  warhead  as  well  as  a  greater  range  and  improved 
guidance.  The  units  are  expected  to  be  operational  by 
January,  1964. 

Secret  Report  Favors  Zeus 

A  top-secret  report  on  the  relationship  between  active 
and  passive  defensive  measures  reportedly  is  causing  a 
re-evaluation  of  the  Army's  Nike-Zeus  system  by  Admin- 

istration officials.  Major  conclusion  of  the  report:  with 
both  active  and  passive  (fallout  shelter)  defense,  casual- 

ties from  a  nuclear  missile  war  could  be  reduced  to  3% 
of  the  population.  The  study  assumes  Zeus  protection  for 
the  50  largest  U.S.  cities. 

AF  Developing  New  Multi-Purpose  Missile 

Air  Force  has  under  development  a  new  missile  de- 
signed to  provide  both  air-to-surface  and  air-to-air  fire 

support.  No  details  of  the  program  are  available. 

Skybolt  Stellar  Guidance  Test  Planned 

First  guided  test  flight  of  the  Douglas  Skybolt  is  set 
for  late  October.  Fourth  unguided  flight  is  due  later  this 
month.  The  missile  for  the  guided  flight  already  is  at 
Eglin  AFB  where  its  Nortronics  stellar-inertial  guidance 
unit  is  undergoing  checks  to  determine  whether  an  acci- 

dental scratch  on  the  star-tracker  window  will  prevent  the 
unit  from  locking  onto  a  planned  reference  star. 

SA-3  Embarks  for  Canaveral 

The  third  Saturn  launch  vehicle  has  started  the  long 
ten-day  trip  from  the  Marshall  Space  Flight  Center  to 
Cape  Canaveral.  SA-3  is  expected  to  arrive  at  the  Cape 
on  Sept.  19.  The  launch  is  scheduled  for  mid-November. 

Four  Major  Shots  Scheduled  for  October 

October  could  be  a  heavy  launch  month  for  NASA. 
S-55,  the  Micrometeoroid  Satellite,  will  be  launched  from 
Wallops  Island.  An  S-3  satellite  will  be  launched  from 
Cape  Canaveral  to  measure  energetic  particles.  Two  com- 

munications satellites — the  second  Telstar  and  the  first 
Relay — are  scheduled  for  late  in  the  moath,  although 
both  may  slip  to  November. 

Gemini  Recovery  Range  Broad 

Use  of  a  Rogallo  paraglider  in  Project  Gemini  will 
allow  the  spacecraft  to  maneuver  over  a  range  of  13-25 
miles.  The  paraglider  will  be  deployed  at  an  altitude  of 
50,000  ft.  and  the  glide  will  begin  at  40,000.  Landing 
speed  will  be  about  70  ft.  per  second. 

Compromise  Expected  on  NASA  Budget 

Look  for  the  House  and  Senate  early  this  week  to 
compromise  their  differences  over  the  NASA  Fiscal  '63 
budget.  With  $40  million  separating  the  two,  it  is  ex- 

pected they  will  split  the  difference.  This  will  give  NASA 
about  $3,674  billion  for  expenditures  in  the  current  fiscal 

year. Syncom  Hearings  Due  This  Week 

A  House  space  subcommittee  will  hold  hearings  this 
week  on  the  NASA  Syncom  communication  satellite  pro- 

gram. Hearings  are  set  tentatively  for  Sept.  19  and  20. 
Witnesses  from  both  NASA  and  Hughes  Aircraft  Co.,  the 
program's  prime  contractor,  will  be  called. 

INDUSTRY 

Electronics  Market  Forecast 

The  electronics  content  of  the  FY  '63  DOD/NASA 
budgets  will  total  $8.6  billion,  according  to  Electronic 
Industries  Association  President  Charles  F.  Home.  He 
says  the  split  will  be  roughly  $7.9  billion  for  DOD,  $0.7 
billion  for  NASA. 

GE  Moves  Major  Division  to  Daytona 

Continuing  its  extensive  internal  reorganization,  Gen- 
eral Electric  has  set  up  its  Apollo  department  within  the 

new  Command  Systems  Division.  Headquarters  for  CSD 
and  the  Apollo  group  will  be  Daytona  Beach,  Fla.  The 
initial  group  of  200-300  persons  may  expand  to  3,000 
over  the  next  few  years. 

INTERNATIONAL 

British  Study  Manned  Spacecraft 

Britain's  Ministry  of  Aviation  has  confirmed  that  a 
feasibility  study  of  a  manned  spacecraft  is  under  way. 
The  Royal  Aircraft  Establishment  has  been  at  work  on 
the  project  for  18  months.  Design  is  an  orbital  fighter, 
not  a  rocket-launched  capsule  of  the  Mercury  or  Vostok 

type. 
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MASTERMIND  OF  CHECKOUT 

The  Eclipse-Pioneer  Universal  Tester-master- 

mind of  checkout-provides  fast,  complete  auto- 
matic checkout  of  all  systems  in  any  missile, 

satellite,  aircraft,  submarine,  or  other  vehicle. 

In  use  for  Skybolt  and  specified  for  the  Agena 

program,  this  example  of  Bendix®  Automatic 

Check-Out  Equipment  (ACOE)  also  checks  auto- 
pilots, flight  control  systems,  air  data  systems, 

radar,  and  every  other  kind  of  system  for  mainte- 

nance at  all  levels,  flight  line  as  well  as  overhaul. 

The  Universal  Tester  will  indicate  GO  or  NO-WJ, 

then  fault  isolate  to  the  sub-system  involved.  In
 

overhaul  applications,  the  Universal  Tester  w
ill 

fault  isolate  down  to  a  single  module! 

The  adaptability  of  this  basic,  common  denom
i- 

nator equipment  permits  its  application  to  a  wide 

variety  of  system  testing  requirements  withou
t 

extensive  redesign.  Its  availability  permits  prompt 



delivery.  These  two  factors  combined,  plus  the 
service  experience  already  obtained,  provide  you 
with  a  prompt,  economical,  reliable  solution  to 
virtually  every  kind  of  checkout  problem. 

In  developing  this  Universal  Tester,  and  in 
similar  programs  involving  Bendix  ACOE  for  such 
weapons  systems  as  the  B-58,  Eclipse-Pioneer 
has  achieved  a  thorough  capability  for  ACOE 

project  management.  Further  proof:  Bendix' 

experience  with  the  Program  Evaluation  Review 
Technique  (PERT),  the  management  control  con- 

cept which  predicts  problem  areas  of  a  program 
in  advance.  Bendix  is  operating  the  PERT  sys- 

tem on  the  USAF's  GAM-87  Skybolt  program. 
For  information  on  how  E-P  can  best  assist 

your  operations  in  every  area— whether  undersea 
or  on  it,  airborne,  or  in  space— we  invite  you  to 
write,  call  or  visit  us  in  Teterboro,  N.  J. 

Eclipse-Pioneer  Division 
Circle  No.  7  on  Subscriber  Service  Card 
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ANNOUNCING! 

THE  TRW-80  CONTROL/DISPLAY  CONSOLE 

A  versatile,  completely  modular  man-machine  communication  device  for 
MISSION  CONTROL  CENTERS  ■  GROUND  COMPUTER  COMPLEXES 

FILE  DATA  MANIPULATION  ■  MESSAGE  COMPOSITION  AND  EDITING 

CONTROLS 

■  Full  use  and  control  of  computer  capabili- 
ties without  special  operator  training 

■  Off-line  creation  and  editing  of  graphic  and 
alphanumeric  displays 

■  Console  functions  easily  modified  by  using 
interchangeable  keyboard  overlays 

■  English  language  pushbutton  inputs 

■  Computer-controlled  cueing  lights  in 
keyboard 

DISPLAYS 

■  Flicker-free  aluminized  23-inch  TV  tube 

■  Maps,  charts,  diagrams,  lines,  vectors  and 
randomly  placed  symbols 

■  64  or  128  symbol  font  repertoire 

■  Integral  core  buffer  for  I/O  block  transfer 
and  saving  of  computer  time 

■  Proven  and  accepted,  RW-pioneered  display 
concepts,  circuitry  and  techniques 

Thompson  Ramo  Wooldrldge  Inc.  DIVISION 
For  more  information  contact  RW  Customer  Requirements  at 
8433  FALLBROOK  AVENUE  •  CANOGA  PARK.  CALIFORNIA  ■  DIAMOND  6-6000 
Offices  in  Washington.  D.C.  ■  Rome,  N.Y.  m  Boston  m  Dayton  ■  New  York  City  ■  Melbourne.  Fla. 
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SPERRY 
SAYS 

WHEN 

It  is  time  for  this  vehicle  to  re-enter.  Despite  its  meteoritic 

speed  and  heat,  it  is  safe.  From  pre-launch  until  this  moment, 
automatic  checkout  equipment  by  Sperry  Utah  has  been 

factually  on  top  of  the  situation  in  the  vehicle—  reasoning, 
programming,  controlling,  warning,  guiding  every  phase  of 
operations.  Precisely  at  the  right  moment,  and  with  absolute 
confidence,  Sperry  space-borne  equipment  says  when. 

SPERRY  UTAH  COMPANY,   DIVISION   OF   SPERRY  RAND    CORPORATION.   322   NO.    21st   WEST.   SALT  LAKE 
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THIS  ACTUATOR  COMBINES 

MINIATURIZATION  WITH 

RELIABILITY 

For  one-shot  applications,  this  Atlas  Miniature 
Piston  Actuator  1MT1 14  is  used  in  missile 
and  space  vehicle  applications  to  convert 
an  electrical  impulse  to  mechanical  energy. 
For  example,  it  is  used  as  a  safety  mechanism 
...  as  a  locking  or  releasing  device  ...  to 
prevent  or  permit  rotation  or  linear  travel 
...  to  perforate  a  container  ...  or  to  activate 
a  relay,  latch,  or  mechanical  load. 

The  piston  moves  %G  in.  (±  %4  in.) 
against  a  20-lb.  air  bellows.  Firing 
energy  is  18.5  V  with  10-ohms  series 
resistance  and  4-millisecond  pulse.  Approxi- 

mate firing  time  is  10  milliseconds.  The 
actuator  is  reliable  in  ambient  temperatures 
from  —  65  °F  to  +165°F,  and  it  will 
withstand  300°F  for  one-half  hour.  Meets 
required  MIL  specs  for  resistance  to  shock, 
vibration  and  acceleration. 

Size:  Overall  length  before  firing — 0.725  in.  max. 
Diameter— 0.130  in. 

Reliability:  The  complete  Atlas  line  of  ordnance 
devices  operates  on  a  simple  principle  of  nature. 
The  piston  is  actuated  by  gas  pressure  released 
from  a  chemical  reaction,  which  is  initiated  by  heat 
generated  from  introduction  of  an  electrical 
impulse  in  the  high-resistance  bridge  wire.  No 
mechanical  parts  to  fail.  No  electronic  circuits. 
Operation  is  truly  unmatched  in  basic  reliability. 

Send  for  technical  literature  giving  complete  data 
and  specifications  on  the  entire  Atlas  line  of  squib 
activated  switches,  igniters,  and  actuators. 

1MT114  MINIATURE 
PISTON  ACTUATORS 

1 MT 1  1  1  TELESCOPIC 
PISTON  ACTUATORS 

MEETING  RELIABILITY  CHALLENGES  BY  ELECTRO-CHEMI-MECHANICAL  RESEARCH 

CHEMICAL  INDUSTRIES,  INC. 

AEROSPACE   COMPONENTS    DIVISION     •    Wilmington  99,  Delaware 
Circle  No.  10  on  Subscriber  Service  Card 
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Garrett-AiResearch  has  the  proven  capability 
to  deliver  a  full  range  of  reliable,  compact  and 
lightweight  power  generation  and  frequency  con- 

version equipment  for  airborne,  missile  or  ground 
support  use. 

Typical  power  range  available:  50W  to  100 
KVA  . . .  Generating  speeds :  up  to  48,000  rpm  . . . 

Frequency  output:  400  and  60  cycle  AC  or  28 
Volt  DC. 

AiResearch  is  recognized  as  a  leader  in  research 
and  development  of  high  speed  rotating  machinery 
and  generating  systems.  New  design  requirements 
can  be  undertaken  immediately  and  completed  in 
minimum  time.  Your  inquiries  are  invited. 

AIRESEARCH  MANUFACTURING  DIVISIONS  •  Los  Angeles  9; California  •  Phoenix,  Arizona 
Systems  and  Components  for: 

Aircraft,  Missile,  Spacecraft,  Electronic,  Nuclear  and  Industrial  Applications 
Circle  No.  11  on  Subscriber  Service  Card  ]7 



How  to  put  your  f  inger  on  precise  locatio
n 

Pinpointing  precise  location  anywhere  on  the  world's  surface:  that's  the  task  performed  with  scrupu- 

lous reliability  by  the  Ford  lnstrument-120  Inertial  Stable  Reference  &  Position  Unit.  It  presents 

continuous  digital  readout  in  North-South,  East-West  grid  coordinates.  Consuming  low  power  and 

totally  self-contained,  FSP-120,  including  digital  computers,  occupies  less  than  a  cubic  foot  of  space 

-only  10"  x  10"  x  16".  Rigorous  shock-testing  has  assured  its  capability  to  withstand  severe  shock 

and  vibration.  FSP-120  is  another  extraordinary  development  of  Ford  Instrument's  creative  engineer- 

ing talents  and  management  depth.  Your  Ford  Instrument  representative  will  furnish  additional 

f DIVISION  OF  SPERRY  RAN  D  CORPORATION 31-10  Thomson  Avenue,  Long  Island  Cityl,  New  York 

CREATIVE    ENGINEERING    PLUS    EXPERIENCE  —  RELIABLE    SYSTEMS    FOR    CRUCIAL  MISSIONS 

Circle  No.  17  on  Subscriber  Service  Cord 



Blabbermouth 

narate  is  an  automatic  radar  test  system  developed 

for  the  Navy  by  Northrop.  One  of  its  main  functions  is 
to  warn  the  radar  operator  when  anything  goes  wrong 

with  his  equipment.  But  that's  just  the  first  step. 
When  it  discovers  a  fault  in  the  radar,  narate  can  be 

programmed  to  find  out  what  the  trouble  is,  and  isolate 
it  down  to  the  lowest  removable  unit.  Or  it  can  be  di- 

rected to  bypass  the  fault  in  order  to  continue  the  test. 

narate  has  been  tested  at  the  Navy  Electronics  Lab- 
oratory, San  Diego,  for  integration  and  compatibility 

with  a  complex  air  search  radar.  It  is  now  installed 

aboard  the  USS  Columbus  for  evaluation  in  fleet  oper- 
ations. Based  on  the  proven  Datico  automatic  test 

equipment  concept,  narate  was  developed  for  the 
Navy  by  the  Nortronics  iinQTUnnp 

Division  of  Northrop.      W  If  ft  ■  ft  It  If  W 
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MARKET  OUTLOOK 

$22-Billion  Market  Through  1970 

Industry  share  may  reach  $19  billion;  future  shift 

in  military  space  role  would  alter  procurement  picture 

THE  OVER-ALL  space  electronics 
market  is  expected  to  exceed  $22-23 
billion  for  the  remainder  of  the  decade. 
Of  this,  nearly  $19  billion  will  be  avail- 

able to  industry. 
Further,  this  over-all  figure  is  ex- 

pected to  hold  whether  current  funding 
trends  continue  or,  as  predicted  by 
many,  there  is  greater  emphasis  placed 
on  expansion  of  the  military  role  in 
space. 

The  direction  ultimately  chosen  by 
the  government  over  the  next  few  years 
will,  however,  have  a  significant  effect 
on  the  types  of  space  hardware  pro- 
cured. 

Should  the  military  space  role  be 
emphasized,  the  present  posture  of  pas- 

sive vehicles  will  be  reduced  or  even 
obviated.  There  can  be  an  enormous 
increase  in  combatant  possibilities  in 
this  environment.  As  a  result,  several 
orders-of-magnitude  improvement  will 
have  to  be  made  in  tracking  capabili- 

ties, sensors  and  packaging  to  meet  the 
challenge.  New  techniques  and  new 
hardware  will  be  needed  for  guidance 
and  control,  rendezvous,  surveillance, 
and  for  ground  command  centers. 

In  the  following  market  discussion, 
it  must  be  understood  that  the  tables 
represent  the  cleanest  breakout  of  ex- 

penditures. Due  to  the  complexity  of 
major  systems  and  the  existing  methods 
of  procurement,  distinct  market  cate- 

gories are  difficult  to  separate.  Thus, 
there  are  some  market  overlaps  that 
tend  to  exaggerate  particular  estimates. 

•  Guidance  &  control — By  project- 
ing through  1970  only  those  space  sys- 

tems firmly  conceived  and  which  bear  a 
high  probability  of  attaining  planned 
production,  the  space  guidance  and  con- 

trol market  exceeds  $1.3  billion  (see 
table). 

This  is  believed  to  be  a  very  con- 
servative figure.  It  does  not  include  ad- 

vanced research  on  subsystems  for  G&C 
not  now  associated  with  particular  pro- 

grams. Nor  does  it  allow  for  unforeseen 
expenditures  which  undoubtedly  will 
occur  on  programs  such  as  Apollo. 

Assistant  Air  Force  Secretary  Brock- 

way  McMillan  has  estimated  that  the 
Air  Force  alone  is  spending  roughly 
$200  million  a  year  for  G&C  research. 
National  Aeronautics  and  Space  Ad- 

ministration G&C  programs  for  ad- 
vanced technology  have  been  aimed  pri- 

marily at  the  Nova  program.  Obligations 
in  FY  '62  approached  $4  million. 

Hardware  for  G&C  systems  comes 
high.  For  example,  Titan  II  guidance 
(which  will  be  modified  for  use  in  Titan 
III)  is  estimated  to  cost  roughly  $200,- 
000  per  unit,  excluding  GSE;  Saturn 
guidance  runs  about  $200,000  for  each 
system  and  upwards  of  50  vehicles  may 
be  required.  Even  scientific  satellites  re- 

quire extensive  stabilization:  OSO — 
$180,000  each,  OAO— $200,000  each 
and  OGO— $200,000  each. 

G&C  requirements  for  Dyna-Soar 
could  reach  $50  million  by  1970.  What 
military  expenditures  might  be  for  fu- 

ture manned  vehicles  is  too  foggy  now 
to  see.  Many  believe  such  programs  will 
come  into  being.  But  so  far,  the  Admin- 

istration has  a  tight  rein  on  any  major 
military  space  move. 

Requirements  for  both  manned  and 
unmanned  lunar  and  planetary  space- 

craft guidance  undoubtedly  will  set  the 
pace  for  this  industry  through  1970 
and  beyond.  The  systems  will  be  com- 

binations of  radio  command,  optical 

and  inertial  guidance  equipment,  de- 
pending upon  the  particular  operational 

need. 
The  trend  will  be  toward  greater  use 

of  automatic  digital  data  processing 
equipment.  Stringent  limitations  on 
space,  weight  and  power  and  the  de- 

mands for  extreme  accuracy  and  re- 
liability will  dictate  use  of  digital  equip- 

ment because  of  its  adaptability  to  mi- 
crominiaturization. It  then  will  be  quite 

feasible  to  use  redundancy  and  other 
techniques  to  achieve  the  desired  re- liability. 

Stellar  trackers  will  give  way  to  star 
field  correlators.  All  the  data-taking 
operations  required  with  star  trackers 
will  be  eliminated  as  star  fields  are  used 
to  determine  spacecraft  altitudes  and 
fixes.  The  low  light  level  image  orthicon 
under  development  by  General  Electric, 
for  example,  together  with  fiber  optics 
and  computers,  will  make  possible  a 
type  of  celestial  pilotage  with  great  util- 

ity and  convenience.  Horizon  scanning 
and  occultation  techniques  are  readily 
and  automatically  integrated  into  this 
technique. 

Lasers  may  be  developed  which  will 
improve  detection  range  and  accuracy 
when  navigating  about  man-made  space 
objects.  Systems  like  Transit  will  pro 
vide  Earth  and  planet-centered  refer- 

TOTAL  ESTIMATED  SPACE  EXPENDITURES 
(in  billions  of  dollars) 

Forecast  Based  On  Mil- 
itary Space  Build-up 

'42 
'43 

•64 
•45 

'64 
•47 

'68 '69 

'70 

Total NASA 1.8 3.7 5.0 5.5 6.0 6.0 

5.7 

5.5 5.0 44.2 
DOD 

1.0 1.5 

2.0 2.5 3.0 

3.5 

4.2 

5.0 

6.5 

29.2 
TOTAL 

2.8 

5.2 7.0 8.0 

9.0 9.5 

9.9 
10.5 11.5 

73.4 
Total     Electronics  Ex- 

penditures 0.7 1.4 2.0 

2.3 

2.7 

2.9 

3.1 

3.5 3.9 22.5 

Forecast  Based  on  Cur- 
rent Funding  Trend 

NASA 
1.8 

3.7 5.0 

5.5 4.0 6.2 

6.4 

6.6 6.8 48.0 DOD 

1.0 1.5 

2.0 

2.5 

3.0 3.5 3.8 4.4 5.0 26.7 
TOTAL 2.8 

5.2 

7.0 8.0 

9.0 

9.7 

10.2 11.0 11.8 

74.7 Total     Electronics  Ex- 
penditures 

0.7 

1.4 2.0 2.3 2.7 3.0 3.3 3.6 4.0 23.0 
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CORE-PLANE  memory,  under  development  for  the  Gemini  capsule  guidance  computer, is  examined  by  IBM  Gemini  program  manager  C.  Del  Babb  and  engineering  manager 
1.  Walsh  at  IBM's  Space  Guidance  Center. 

ences  for  limited  range  navigation. 
•  Communications  —  Three  urgent 

requirements  exist  for  early  develop- 
ment of  communications  satellites:  mil- 

itary or  national  command  and  control; 
commercial  telecommunications;  and 
augmentation  of  communications  from 
around  the  world  to  the  ranges  and 
missile/space  control  centers. 

It  is  expected  that  total  annual  ex- 
penditures for  communications  satellite 

programs  by  the  government  will  reach 
$2  billion  by  1967  and  from  $3-4  bil- 

lion by  1970.  Dept.  of  Defense  will  ac- 
count for  about  70%  of  these  expendi- 
tures, industry  observers  believe. 

In  a  report  published  earlier  this 
year  by  the  Electronic  Industries  Assn., 
costs  for  the  variously  proposed  com- 

mercial communications  satellites  were 
as  follows: 

—$155  million — 20  medium-altitude 
satellites  in  random  polar  orbits. 

—  $100  million — 2  pairs  of  synchro- 
nous-orbit satellites. 

—$185  million — 20  medium-altitude 
polar-orbit  and  10  medium-altitude 
equatorial-orbit  (random)  satellites. 

—  $135  million — 3  pairs  of  synchro- 
nous-orbit satellites. 

Spaceborne  equipment  costs  for  each 
of  the  above  system  configurations  was 
reported  as  $70,  $75,  $100,  and  $110 
million,  respectively. 

The  whole  space  communications 
field  also  includes  satellite  data  links 
(telemetry),  manned  vehicle  communi- 

cations subsystems,  and  ground  stations 
directly  supporting  such  systems. 

Total  expenditures  available  to  in- 
dustry are  shown  by  these  estimated 

trends : 
-1962  — $235  million  (NASA, 

$145M;  DOD,  $90M). 
-1966  — $335  million  (NASA, 

$185M;  DOD,  $150M). 
-1970  — $575  million  (NASA, 

$225M;  DOD,  $350M). 
The  R&D-to-production  ratio  is 

about  3:7. 
•  Tracking  &  data  acquisition  — 

NASA's  funding  for  FY  '63  in  these 
two  areas  is  up  to  $158  million,  or  more 
than  $60  million  over  last  year's  figure. Over  $90  million  of  this  is  scheduled 
for  systems  development,  equipment 
and  components. 

One-third  of  the  systems  develop- 
ment money  will  be  for  new  systems 

($5.3  million).  The  space  agency  will 
develop  new-data  acquisition,  aiming  to 
substantially  reduce  hardware  volume, 
power,  and  complexity  and  at  the  same 
time  increase  reliability,  maintainability 
and  operating  simplicity.  A  secondary 
aim  is  to  reduce  operational  facilities 
and  utility  costs. 

A  portable  data  acquisition  is  re- 
quired to  support  the  EGO  (Eccentric 

Geophysical  Observatory)  satellite  pro- 
gram. 

Other  new  systems  will  include: 
—An  Apollo  tracking  system. 
—A  high-speed,  high-capacity  ADP 

system  having  almost  fully  automatic 
data  reduction  capability. 

—A  new  digital  (PCM)  command 
system  for  spacecraft  which  will  permit 
real-time  data  handling.  (System  will  be 
used  to  support  OGO,  OSO  and  Relay.) 

More  than  $20  million  will  be  re- 
quired for  equipment  and  components 

for  the  Satellite  Network  and  nearly 
$37  million  to  expand  the  Manned 
Flight  Network,  according  to  NASA. 

Another  $17  million  will  be  used 
to  enhance  the  capability  of  the  Deep 
Space  Instrumentation  Facility  (DSIF) 
— primarily  for  automatic  checkout  and 
calibration  equipment,  antenna  modifi- 

cations, and  for  the  addition  of  multi- 
channel receivers  and  automatic  detec- 

tion and  frequency  acquisition  gear. 
•  Military  tracking  &  ranges — Most 

military  space  tracking  and  data  acquisi- 

tion efforts  are  associated  with  SPAD- 
ATS  (Space  Detection  and  Tracking 
System)  and  the  three  national  missile/ 
space  ranges.  SPADATS  is  supported 
by  the  Air  Force's  Space  Track  pro- 

gram (496-L)  for  system  updating  and 
expansion.  Funding  is  expected  to  range 
from  $80-100  million  a  year  at  least 
through  1970. 

It  is  impractical  to  separate  the  space 
portion  from  the  missile/space  support 
effort  at  the  various  ranges.  However, 
it  is  believed  that  roughly  20%  of  space 
expenditures  during  the  next  three  years 
will  be  for  range  instrumentation  to  sup- 

port manned  space  programs. 
One  leading  expert  forecasts  that 

expenditures  at  the  Atlantic  Missile 
Range  will  reach  80%  of  total  range 
expenditures  by  1965  (it  has  accounted 
for  from  65-75%  in  the  past).  Pacific 
Missile  Range  will  account  for  about 
half  the  remaining  growth. 

The   majority   of   growth   at  the 

SPACE  ELECTRONICS  MARKET  AVAILABLE  TO  INDUSTRY  * 
(in  millions  of  dollars) 

'62 
'63 

'64 '65 
'66 '•47 

'68 
'69 

'70 

Total DOD: 
Spaceborne 150 220 250 310 

440 

610 

750 900 
1000 

4,630 
Ground 

110 
160 

180 220 
310 

440 

540 

640 710 

3,310 

NASA: 
Spaceborne 

180 
340 480 

600 

760 

900 990 
1080 1180 

6.510 
Ground 

120 
230 330 

420 
520 620 680 

740 

810 

4,470 TOTAL 560 
950 

1,240 1,550 
2.030 2,570 2,960 3,360 3,700 

18,920 

*  Based  on  current  funding  trend.    Excludes  govt,  salaries,  expenses,  in-house  R&D,  construction. 
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ranges  during  the  next  few  years  will  be 
represented  by  a  general  expansion  of 
tracking  and  launch  facilities.  A  sizable 
investment  also  will  be  made  by  the  Air 
Force  for  as  many  as  10  tracking  ves- 

sels (ARIS).  Eglin  AFB  will  acquire 
related  facilities  to  support  the  X-20 
and  Space  Track  R&D  programs. 

The  electronics  market  for  ranges 
is  expected  to  exceed  $400  million  a 
year  by  1965.  The  following  is  a  break- 

down of  major  electronic  R&D  expendi- 
tures by  DOD  for  FY  "63  at  all  the ranges: 

—$750,000  —  tracking  equipment 
(primarily  pulse-type)  and  interferomet- 
ric  electromagnetic  devices.  (This  repre- 

sents a  sharp  drop  from  the  $12  million 
in  1962  and  is  blamed  by  many  on 
short-sighted  planning.) 

-$500,000 — optical  tracking 
—  $7.5  million — telemetry 
—$1.1  million — other  (data  trans- 

mission, processing  display  and  timing 
systems  plus  special  purpose  com- 
puters.) 

•  Scientific  instrumentation — Costs 
for  satellite  instrumentation,  according 
to  NASA,  vary  from  40-80%  of  total 
payload.  The  average  is  about  70%. 

NASA's  scientific  satellite  program 
is  funded  this  year  (FY  '63)  at  nearly 
$150  million,  lunar  and  planetary  ex- 

ploration vehicles  at  more  than  $225 
million,  applications  satellites  at  over 
$110  million.  Thus,  for  just  these  three 
spacecraft  categories,  over  $300  million 
will  be  required  for  necessary  instru- 

mentation R&D  and  hardware. 
Instrumentation  for  Air  Force  satel- 

lites and  the  Navy's  Transit  add  a  sub- 
stantial sum  to  the  total  market  figure. 

Conservative  industry  estimates  cov- 
ering this  field  place  the  FY  1963  total 

at  $330  million  with  the  annual  figure 
growing  steadily  to  $500  million  by 
1970. 

•  Other  space  markets — Checkout 
is  big  business  today.  Considering  direct 
and  associated  DOD  and  NASA  space 
requirements,  more  than  $3.5  billion 
will  be  spent  over  the  next  eight  years. 
Currently  running  $375-400  million  a 
year,  the  total  market  is  expected  to 
reach  about  $500  million  a  year  by 
1970. 

Another  important  market  is  in 
trainers  and  simulators.  Breakout  is  diffi- 

cult, as  such  systems  are  usually  associ- 
ated with  expenditures  for  other  systems 

or  programs.  Best  estimates  place  com- 
bined DOD-NASA  expenditures  at 

about  $200  million  for  FY  1963.  Steady 
growth  is  expected  through  1970  to 
$400  million. 

Comparatively  small,  the  space  aux- 
iliary electric  power  market  is  nonthe- 

less  an  important  (and  consistent)  one. 
It  is  currently  running  about  $24  million 
a  year  and  will  rise  only  slowly  to  about 
$27  million  annually  in  1970.  ii 

NEW  MINIATURE  foitr-gimbal  inertial  platform  by  Kearfott  was  designed  for  space 
guidance.  The  package  weighs  only  14.3  pounds,  as  compared  with  tlie  2700-pound  MIT 
system  built  in  1953.  The  new  unit  occupies  less  than  l/i  cubic  feet  of  space. 

GUIDANCE  AND  CONTROL  EXPENDITURES  THROUGH  1970  * 
(in  $  millions) 

'42 
•63 
'64 

'65 

'66 •67 

'68 '69 

'70 

Total 
Ranger 
Surveyor 
Prospector Mercury 
Gemini 
Apollo Mariner 
Voyager 
Scout  (NASA) 
Blue  Scout  (AF) X-20 

1.0 
3.0 

3.0 
5.0 

12.0 
1.0 
1.0 
1.0 
5.0 
15.0 

2.5 
3.0 
0.5 
2.0 

12.0 
33.0 
14.0 
3.0 
4.5 
6.0 

15.0 

1.0 

2.0 10.0 

27.0 
2.0 
2.0 

5.0 
9.5 
10.0 

0.5 

5.0 3.0 

30.0 
1.0 
2.0 
5.5 
10.5 
5.0 

5.0 

30.0 2.0 

5.5 10.5 

5.0 

4.0 

30.0 2.0 
5.5 

10.5 

? 

3.0 
30.0 2.0 

5.5 

10.5 

2.0 

30.0 2.0 

5.0 

9.5 

1.0 

20.0 2.0 
4.5 
8.5 

3.5 

7.5 
22.5 

5.0 

30.0 

242.0 
18.0 
18.0 42.0 

80.5 

50.0 Medium-Large  Launch 
Vehicles:    Delta,  Thor- 
Agena  B,  Atlas-Agena, 
Atlas-Centaur,  Titan  II, 
Titan  III. 

29.0 37.0 44.5 55.5 57.5 
57.5 

58.5 
59.0 

59.0 459  5 

Very    Large    Launch  Ve- hicles: Saturn  C-l,  Sat- 
urn C-5,  Nova,  Rover/ 

Nova. 

13.5 21.0 
25.5 

30.0 35.0 
31.0 

31.0 31.0 

30.0 

248.0 

Orbital  Rendezvous 1.0 
1.5 1.5 1.0 

? 5.0 

Attitude  Stabilization 
only:  Comm.,  Meteoro- 

logical,    &  Scientific 
Satellites   plus  Midas, 
Samos,  Transit. 

2.7 3.0 
12.0 

13.5 11.5 
12.0 

12.0 
12.0 12.0 

90.7 

TOTAL 93.5 160.0 152.0 162.5 
162.0 152.5 

152.5 150.5 137.0 1322.5 

'  Figures  include  sensors,  support  equipment,  displays,  data  processing  equipment. 
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PROCUREMENT 

NASA,  DOD  Want  More  Contractors 

Major  efforf  to  diversify  represents  FY  '63  opportunity 
for  firms  not  yet  taking  part  in  national  space  program 

FISCAL  1963  will  present  golden 
contracting  opportunities  for  electronics 
firms  not  yet  taking  part  in  the  national 
space  program. 

National  Aeronautics  and  Space  Ad- 
ministration and  the  Dept.  of  Defense 

are  making  a  major  effort  to  diversify 
and  increase  the  number  of  their  con- 

tractors. This  will  be  particularly  true 
in  electronics. 

The  new  trend  in  federal  space  pro- 
curement stems  primarily  from  the  de- 

sire to  increase  the  military  industrial 
base  and  to  gain  more  public  support. 

"NASA  is  trying  to  get  more  com- 
panies into  its  programs  and  not  concen- 

trate its  work  with  a  few  contractors," 
declared  NASA  procurement  chief  Ern- 

est W.  Brackett. 
He  added  that  NASA  is  also  trying 

to  bring  more  companies  into  its  sub- 
contract work. 

"A  great  deal  of  effort  is  being  made 
to  place  business  in  labor  surplus  areas 
and  to  spread  government  contracting 
into  sections  of  the  country  which  are 
not  receiving  much  of  this  business.  I 
can  foresee  that  prime  contract  pro- 

posers who  offer  to  place  subcontracts 
in  those  areas  are  going  to  receive  favor- 

able consideration,"  the  procurement chief  said. 
DOD— with  about  80%  of  its  Fiscal 

'63  budget  going  to  industry— began 
last  June  an  in-depth  study  to  deter- 

mine if  the  nation's  existing  research 
and  development  capacity  is  being  used 
effectively. 

Disclosure  of  the  study  was  accom- 
panied by  a  DOD  statistical  report  on 

the  "Changing  Patterns  of  Defense  Pro- 
curement," which  revealed  that  75% 

of  Fiscal  '61  contracts  went  to  firms 
in  California  and  East  Coast  states. 

While  indicating  DOD's  intention  to 
do  something  about  the  imbalance,  the 
report  noted  that  "local  initiative  seek- 

ing defense  business  must  direct  itself 
to  the  creation  of  capability  responsive 
to  the  exacting  needs  of  modern  war- 

fare. Communities  which  fail  to  recog- 
nize this  fact,  and  which  fail  to  energize 

and  mobilize  their  institutions  to  ad- 
just to  it,  cannot  reasonably  antici- 
pate a  major  role  in  future  defense 

procurement." The  same  reliance  on  technical  ca- 
pability in  selecting  contractors  was 

echoed  by  Brackett  in  discussing  NASA 
contracting  policies. 

"Where  research  and  development 
is  the  subject  of  procurement  and  the 
success  of  the  program  depends  on  se- 

curing the  best  item  that  can  be  devel- 
oped," he  said,  "we  feel  we  must  place 

a  contract  with  the  company  that  ap- 
pears to  have  the  greatest  possibility  of 

giving  us  that  item. 
"In  research  and  development  source 

selection,"  he  continued,  "technical  fea- 
tures get  the  most  weight  in  contractor 

selection." Thus,  it  is  clear  that  electronic  firms 
wishing  to  get  into  the  space  business 
must  make  their  technical  capabilities 
known  to  the  government  agencies  in- volved. 

NASA  ELECTRONICS 

At  NASA,  this  can  be  handled  in 
two  ways: 

A  firm  with  a  new  technical  pro- 
posal should  send  it  to  the  Office  of 

Research,  Grants  and  Contracts,  at 
NASA  headquarters  in  Washington. 
The  office  will  send  the  proposal  on  to 
the  technical  section  concerned.  If  the 
technical  experts  feel  it  is  feasible  and 
if  funds  are  available,  a  contract  will 
be  awarded. 

Electronics  firms  wishing  to  bid  on 

NASA  contracts  should  get  on  the  "bid- ders' lists"  maintained  separately  by 
each  space  agency  field  center. 

A  breakdown  of  the  NASA  centers 
and  their  procurement  personnel  fol- lows: 

•  Jet  Propulsion  Laboratory — Pasa- 
dena, Calif.  This  center  is  responsible 

for  NASA's  unmanned  lunar  and  plane- 
tary exploration  programs.  This  includes 

the  Ranger,  Surveyor,  Mariner,  and 
Voyager  spacecraft  programs.  Its  chief 
procurement  officer  is  T.  W.  Candee 
and  G.  R.  Lawrence  is  its  small  busi- 

ness specialist. 
•  Ames  Research  Center — Moffett 

Field,  Calif.  Ames  is  primarily  con- 
cerned with  basic  and  applied  research 

in  many  areas  including  atmospheric 
re-entry  for  manned  satellites,  boost- 
glide  vehicles,  proposed  manned  inter- 

planetary and  lunar  craft,  ballistic 
missiles  and  life  support.  Chief  procure- 

ment officer  is  A.  S.  Herzog  and  the 
small  business  specialist  is  Donald  E. Davis. 

•  Goddard  Space  Flight  Center — 
Grcenbelt,  Md.  Development  of  space 
science  satellites  and  tracking  and  data 
acquisition  and  reduction  are  the  two 
main  responsibilities  of  this  center.  Gor- 

don H.  Tyler  is  the  top  procurement 
official  and  Harry  T.  O'Toole  serves  as 
the  small  business  specialist. 

•  Manned  Spacecraft  Center — 
Houston.  MSC  is  involved  in  the  devel- 

opment operations  in  the  three  U.  S. 
manned  spaceflight  programs,  projects 
Mercury,  Gemini  and  Apollo.  This  in- 

cludes such  electronic  components  as 

space  guidance,  communications  and orbital  rendezvous  instrumentation. 
Firms  should  contact  Dave  W.  Lang, 
Jr.,  chief  procurement  officer,  and  small 
business  specialist,  H.  T.  Christman. 

•  Marshall  Space  Flight  Center — 
Huntsville,  Ala.  MFSC  directs  all  of 
NASA's  launch  vehicle  programs  in- 

cluding the  Centaur,  Saturn,  Advanced 
Saturn  and  Nova  boosters.  Development 
of  the  rocket  engines  which  power  the 

launch  vehicles  is  also  part  of  Marshall's 
responsibility.  Chief  procurement  offi- cer is  Wilbur  S.  Davis  and  James  S. 
Morrison  is  the  small  business  specialist. 

•  Launch  Operations  Center — Cape 
Canaveral,  Fla.  LOC  is  responsible  for 
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all  of  NASA"s  manned  space  and  almost 
all  of  its  unmanned  satellite  and  space- 

craft launchings.  Electronic  equipment 
procured  by  the  center  includes  ground 
support  equipment  and  communications 
for  the  launch  complexes  and  control 
center.  Gerard  A.  Michaud  is  the  chief 
procurement  officer  and  Carl  J.  Dahl  is 
the  small  business  specialist. 

•  Lewis  Research  Center — Cleve- 
land. This  center  is  primarily  responsi- 

ble for  basic  and  applied  research  in 
chemical  rocket  engines,  nuclear  rocket 
engines,  electrical  propulsion  systems, 
power  generation  systems  and  space 
environmental  system.  Firms  should 
contact  John  Biggs,  chief  procurement 
officer,  and  Norman  C.  Prahst,  small 
business  specialist. 

•  Wallops  Station — Wallops  Island, 
Va.  This  center  serves  as  the  major 
launching  point  for  satellites  using 
NASA's  Scout  booster  and  many  sound- 

ing rocket  programs.  Chief  procure- 
ment officer  is  Louis  T.  Birch  and  Rob- 

ert H.  Bradford  is  the  small  business 
specialist. 

•  Flight  Research  Center — Edwards 
AFB,  Calif.  The  X-15  rocket  plane 
program  is  the  primary  work  at  this 
center,  but  most  of  NASA's  small  effort 
in  the  Air  Force  Dyna-Soar  program  is 
also  located  there.  Morris  E.  Bowling 
is  chief  procurement  officer  and  Lloyd 
J.  Walsh  is  the  small  business  specialist. 

Two  other  space  agency  centers, 
NASA  headquarters  and  the  Western 
Operations  Office,  are  almost  completely 
restricted  to  contract  management. 

MILITARY  ELECTRONICS 

Reliability,  simplicity  and  maintaina- 
bility are  three  key  words  being  stressed 

not  only  in  weapons  systems  develop- 
ment but  in  procurement  of  military 

space  electronics  as  well. 
In  the  words  of  one  Air  Force  offi- 

cial, it  is  the  responsibility  of  a  con- 
tractor "to  deliver  a  product  that  fulfills its  whole  mission;  not  a  product  with 

the  greatest  mass  fraction  or  the  lightest 
autopilot  or  the  most  transistors,  but  a 
product  that  does  what  it  is  supposed  to 
do  when  it  is  called  upon  to  do  it." 

An  example  of  the  reliability  being 
designed  into  future  space  systems  is the  Titan  111  which  Defense  officials  ex- 

pect to  provide  an  almost  instantaneous 
launch  capability  "without  the  tender loving  care  of  a  hundred  technicians 
for  six  weeks." 

Realization  that  electronic  systems 
have  been  too  complex  and  therefore 
less  reliable  and  maintainable  under 
field  conditions  has  already  had  its  effect 
on  DOD  procurement  and  systems  de- 
velopment. 

Use  of  incentive  contracting  is  a 
principle  means  by  which  DOD  expects 
to  achieve  simpler,  more  reliable  sys- 

tems. In  evaluating  a  particular  system, 
points  for  performance  will  be  weighed 
in  favor  of  reliability  and  maintaina- 

bility as  much  as  for  range,  speed  or 
other  more  conventional  performance 
parameters. Within  the  Air  Force,  this  increased 
emphasis  has  resulted  in  the  establish- 

ment, within  weapons  development  pro- 
grams, of  specialists  in  reliability  and 

maintainability.  In  fact,  the  Air  Force 
Systems  Command  has  underscored  the 
importance  which  it  attaches  to  relia- 

bility by  offering  a  master's  degree  in reliability  engineering  at  its  Institute  of 
Technology  at  Wright-Patterson  AFB, 
Ohio. 

•  Service  breakdown — Procurement 
of  military  space  electronics  is  largely 
the  responsibility  of  the  Air  Force,  with 
the  Navy  and  Army  participating  to  a 
far  lesser  extent.  Therefore,  a  supplier 
interested  in  selling  to  the  military 
should  first  insure  that  he  is  included 
in  the  Air  Force's  source  file. 

To  do  this,  a  firm  should  obtain  the 
standard  Form  220,  "Research  and  De- 

velopment Source  Information"  from 
any  Air  Force  Systems  Command  pro- 

curement Office.  These  forms  should 
be  sent  directly  to  Headquarters,  AFSC, 
Andrews  AFB,  Washington  25,  D.C. 
The  director  of  AFSC  procurement  will 
disseminate  the  information  to  all  de- 

velopment divisions. 
Responsibility  for  the  procurement 

of  space  systems  is  centered  in  the  Dep- 
uty Commander  for  Aerospace  Systems 

(DCAS)— located  at  5800  Arbor  Vitae 
St.,  Los  Angeles  45,  Calif.  (Building  4). 
Within  DCAS,  the  Contractor  Relations 
and  Small  Business  office  provides  con- 

tractors with  advice  on  AF  space  needs, 
and  evaluations  of  company  capabili- 

ties. It  also  adds  firms  to  its  source  list. 
When  procurement  action  on  a  sys- 

tem is  initiated,  the  Contractor  Rela- 
tions and  Small  Business  office  screens 

its  files  for  qualified  bidders  and  sub- 
mits the  list  to  the  Source  Selection 

board.  Qualified  firms  are  then  asked  to 
bid  and  their  proposals  are  evaluated  by 
the  board,  which  recommends  to  DCAS 
or  higher  headquarters  the  best  quali- fied contractor. 

Closely  paralleling  the  AFSC  pro- 
cedures, the  Navy's  space  electronics 

procurement  is  concentrated  in  its  Bu- 
reau of  Weapons.  Firms  wishing  to  bid 

on  Navy  projects  must  submit  a  Stand- 
ard Form  129  to  the  Department  of  the 

Navy,  Chief,  Bureau  of  Naval  Weapons, 
Code:  NCS-41,  Washington  25,  D.C. 

Procurement  actions  for  the  Army — 
limited  almost  exclusively  to  ground 
stations  for  the  DOD  communications 
satellite  programs — are  handled  through 
the  Ft.  Monmouth  Procurement  Office. 
Interested  firms  should  contact  the  of- 

fice's industrial  liaison  and  small  busi- 
ness representative,  Mr.  Charles  Hoyt 

in  the  Office  of  the  Director  of  Procure- 
ment Operations,  Army  Signal  Agency, 

Fort  Monmouth,  N.J. 
Agencies  within  the  Air  Force  Sys- 

tems Command  directly  concerned  with 
military  space  electronics  include:  Elec- 

tronic Systems  Division,  Rome  Air  De- 
velopment Center,  Avionics  Directorate 

of  the  Aeronautical  Systems  Division 
and  the  Air  Proving  Ground  Center. 

Procurement  at  the  Electronic  Sys- 
tems Division  centers  around  equipment 

for  all  command  and  control  systems 
including  communications,  data  proces- 

sing, data  displays,  tracking  and  detec- 
tion. In  addition,  ESD  handles  applied 

research  for  all  new  command  and  con- 
trol systems.  Procurement  contacts  at 

ESD  are:  Mr.  John  Condon,  Mr.  Nor- 
man Mullen,  Small  Business  and  Con- 

tractor Relations  and  Sources,  L.  G. 
Hanscom  Field,  Mass. 

Rome  Air  Development  Center  is 
interested  principally  in  ground-based 
electronic  systems  and  equipment,  in- 

cluding all  facets  of  infared  and  radar 
detection  and  tracking.  In  addition, 
RADC  is  concerned  with  laser  data 
transmission  techniques,  advanced  space 
communications  and  antenna  develop- 

ment. RADC  procurement  contact  is: 
Mr.  John  Vella,  small  business  special- 

ist, Contractor  Relations  and  Sources, 
Rome  Air  Force  Development  Center, 
Griffis  AFB,  N.Y. 

The  Avionics  Directorate  of  the 
Aeronautical  Systems  Division  is  con- 

cerned with  all  types  of  inertial  and 
stellar  guidance  systems  and  compo- 

nents, flight  programers  and  data  proc- 
essors as  well  as  telemetry  subsystems 

data  conversion  systems  and  transduc- 
ers. ASD  is  also  conducting  a  major 

effort  in  the  fields  of  thermionics,  molec- 
ular electronics  and  bionics.  Procure- 
ment contact  is:  Miss  Betty  Weisbrod. 

Contractor  Relations  and  Sources,  Aero- 
nautical Systems  Division,  Wright- 

Patterson  AFB,  Ohio. 
The  Eglin  AFB  Air  Proving  Ground 

Center  is  mainly  concerned  with  suit- 
ability testing  of  AF  weapons  systems. 

It  also  conducts  an  extensive  program 
of  space  probe  launchings.  Its  main 
procurement  interests  in  the  space 
electronics  field  are  telemetry,  instru- 

mentation and  data  processing  compo- 
nents. The  main  procurement  contact 

is:  Mr.  J.  V.  Leftwich,  Contractor 
Relations  and  Sources,  Air  Proving 
Ground  Center,  Eglin  AFB,  Fla. 

Centers  mainly  concerned  with  pro- 
curement of  electronic  components,  in- 

strumentation and  data  processing  and 
handling  equipment  are:  AF  Flight  Test 
Center  at  Edwards  AFB,  Calif.;  AF 
Missile  Test  Center  at  Patrick  AFB, 
Fla.;  AF  Missile  Development  Center  at 
Holloman  AFB,  N.M.  and  the  Arnold 
Engineering  Development  Center  at 
Tullahoma,  Tenn.  8 
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takes  his  world  with  him 

life  Support  Systems  —  Only  One  of  the  Critical  Aerospace  Problem 
Areas  for  which  REPUBLIC'S  PAUL  MOORE  RESEARCH  CENTER  has  R&D  Contracts 

At  the  Center,  staff  scientists  in  one  of  the  nation's  most  advanced  Space  Environment  laboratories  are  developing  the 
life  support  systems  and  protective  measures  needed  to  make  extended  space  exploration  a  reality.  Q  Instrumental  in 
these  investigations  is  a  4300  cubic  foot  space  chamber  which  permits  the  rigorous  testing  of  entire  manned  space 
capsules.  From  these  programs,  important  new  knowledge  is  being  gained  in  the  fields  of  space  medicine,  psychology, 
physiology,  microbiology,  biochemistry  and  nutrition.  □  In  the  other  8  laboratories  of  the  Paul  Moore  Center,  studies  of 
similar  breadth  and  depth  are  exploring  equally  important  aspects  of  aerospace  science.  For  these  endeavors,  the  Center 
is  the  most  sophisticated  experimental  complex  in  the  East. 
EXAMPLES  OF  AEROSPACE  R&D  PROGRAMS  AT  REPUBLIC 
Re-Entry  Test  Vehicles  for  advanced  space  programs  /  Thermal  Protection  Studies  /  Spacecraft  Tracking  Concepts  (Re-Entry  Period)  / 
Hydraulic  &  Pneumatic  Systems  (Re-Entry  &  Space  Voyages)  /  Life  Support  Systems  /  Guidance  for  Orbital  Rendezvous  /  Full  Scale 
Plasma-Pinch  Engine  for  Space  Propulsion  /  AEROS  Study  —  Meteorological  Satellites  (in  plane  of  equator)  /  Advanced  Orbiting  Solar 
Observatory  /  Hydrospace  Projects  /  Space  Radiation  Studies  /  CO>  Adsorption  Research  /  Magnetic  Induction  Gyro  /  Antennas  (minia- 

turization) /  Spark  Chamber  Spectrometer. 
IMPORTANT  POSITIONS  OPEN 
Astrodynamics  (mission  analysis,  satellite  maneuverability,  guidance  system  criteria  for  earth  satellites,  lunar  projects)  /  Structural 
Research  (elastic  &  inelastic)  /  Structural  Computer  Analysis  /  Stress  Analysis  /  Hypersonic  Gas-dynamics  Research  /  Re-Entry  & 
Satellite  Heat  Transfer  Analysis  /  Design  Criteria  (hypersonic  re-entry  vehicles)  /  Thermal  Protection  Research  /  Hypersonic  Wind 
Tunnel  Investigations  /  Space  Environmental  Controls  D  &  D  /  Space  Propulsion  and  Power  Systems  /  Cryogenic  Research  (liquid 
hydrogen)  /  Antenna  Design  (re-entry  vehicles)  /  Life  Sciences  (systems)  /  Physical  Sciences  /  Space  Electronics  (telemetry,  com- 

munications, guidance,  tracking,  ECM,  ASGSE,  data  handling)  /  Magnetic  Resonance  Gyro  Development  /  Electromagnetic  Theory  / 
Weapon  Systems  Analysis. 

Interested  applicants  are  invited  to  write  in  confidence  to  Mr.  George  R.  Hickman,  Professional  Employment  Manager,  Dept.  4J-3 

REPUBLIC 
AVIATION  CORPORATION 

Farmingdale,  Long  Island,  New  York 
An  Equal  Opportunity  Employer 



THIOKOL  PANELYTE  laminates  and  moldings 

serve  in  America's  major  missile  systems 
Combined  Thiokol  Panelyte 
technologies  are  helping  to  keep 
our  growing  missile  arsenal  on 
the  move  and  on  target. 

In  the  fore  end  of  many  key 
missile  systems,  Panelyte  cop- 

per-clad laminated  sheet  func- 
tions as  printed  circuit  heart  of 

critical  guidance  and  control 
equipment.  At  the  stern,  Pan- 

elyte molded  plastic  parts  pro- 

vide light  weight,  high  strength, 

high  temperature  resistant  clo- 
sures and  exhaust  nozzles. 

Panelyte  materials  meet  the 
high  performance  requirements 
and  reliability  standards  of  the 
aerospace  industry.  Now  with 
the  pioneering  experience  of 
Thiokol  to  draw  upon,  Panelyte 
provides  still  greater  service  to 
the  missile  and  space  effort. 

THIOKOL  CHEMICAL  CORPORATION, 
PANELYTE  INDUSTRIAL  DIVISION, 

N.  Enterprise  Ave.,  Trenton,  N.  J. 

28 Circle  No.  13  on  Subscriber  Service  Cord 



TAILOR-MADE  MILITARY  COMPUTER  SYSTEMS ...  READY  NOW 

Bendix  can  supply  off-the-shelf  equipment  for  immediate  installation  of  real-time,  on-line  G-21  military  computer 
systems.  Matching  components,  field-tested  in  nationwide  G-20  installations,  are  ready  for  interconnection  with 
every  type  of  input/output  equipment.  Radar,  telemetry,  wire  or  radio  data  links,  visual  displays  and  plotters  — 
plus  the  full  line  of  Bendix  peripheral  units  — are  ready  now  for  custom-designed  command  and  control  computer 
systems.  •  The  versatile  communication  system  built  into  G-20  system  components  is  a  further  advantage  of 
Bendix  G-21  military  computer  systems.  Multiple  processors  can  be  used  to  ensure  constant  availability  for 
24-hour-a-day  operation.  In  a  typical  system  using  three  processors,  there  is  instantaneous  access  to  81,920 
words  of  magnetic-core  storage.  •  Because  Bendix  provides  computer  components  fitting  real-time,  on-line  needs 
without  fundamental  modification,  all  G-20  programs  are  usable-SPAR,  ALCOM,  COBOL,  EXECUTIVE,  FORTRAN 
and  others.  Complete  backup  support  and  documentation  are  ready.  •  For  details  about  Bendix  G-21  military 
computer  systems  —  and  Bendix  capability  to  work  directly  with  your  systems  analysis  and  engineering  groups  — 
write  to:  Manager,  Military  Computer  Sales,  5630  Arbor  Vitae  Street,  Los  Angeles  45,  California. 

Bendix  Computer  Division 

Circle  No.  14  on  Subscriber  Service  Card 29 



..,N  ROCKET  TECHNOLOGY,  THE  SECRET  ,S  TO  DEVELOP  A  METHOD  OF  DR  »^"'"  ™^ 

CAS.NO  segments  to  PRODUCE  HUGE  BOOSTERS  W.TH  MULTI-MEGAPOUND  THRUSTS  TH|^^
 

ASSEMBLED  IN  THE  FIELD.  UTC  HAS  DONE  THIS.  A  METAL  MECHANICAL  JOINT  PROVED  
m™"<^™^£™ 

OF  THE  FIRST  SEGMENTED,  SOL.D  PROPELLANT  ROCKET  MOTOR  ̂ ^^^^Z^^^^ 
OF  EPOXY-BONDED  FIBERGLASS  CASINGS  FOR  LARGE  BOOSTERS  A

RE  SIGNIFICANT.  C |  LOW  PRO 

PRODUCTION  LEAD  TIME,  BECAUSE  DIFFICULT  METAL  CASING  FABRICATION  '*  ̂  

IMPROVEMENT  OVER  METAL  CASINGS.  □  HIGH  STRENGTH-TO-WEIGHT  RATIO.  □  ̂ '^J^^^^  LARGEF 

MOTORS.  □  IMMEDIATE  DEVELOPMENT  OF  FIBERGLASS  CASING  SEGMENTS  
FOR  ROCKET  MOTORS  120  IN  D.AMET^NDLA^ 

RELATED  UTC  CAPABILITIES  INCLUDE  FILAMENT-WOUND  ABLATIVE-COOLED  
THRUST  CHAMBERS, 

ROCKET  MOTOR  CASINGS  IN  ALL  SIZES,  NOZZLES.  ANOTHER  ADVANCE  
IN  THE  STATE-OF-THE-ART  BY  UTC. 

United  Technology  Corporat
ion  ^.^^--^ P.  O.  BOX  358.  SUNNYVALE,  CALIFORNIA 

Circle  No.  15  on  Subscriber  Sorvlco  Card 



Collins  communications  careers  point 

Every  American  voice  from  space  —  from  the  X-15  and  Mercury  —  has  been 

nications.  Now,  with  the  accent  on  reliability,  Collins  is  readying  extensive 

most  ambitious  U.S.  space  effort,  NASA's  Apollo  manned  lunar  spacecraft, 
leadership  in  space  communications,  Collins  requires  specialists  in  HF, 
tal  communications,  spacecraft  antennas,  TV,  radar,  modulation  tech- 

information  theory,  and  ground  systems.  If  you  are  the  E.E.,  M.E.,  Mathe- 

grow  with  these  projects,  write  Mr.  L.  R.  Nuss,  Collins  Radio  Company, 

VP 

carried  by  Collins  commu- 

systems  for  the  next  and 

□  To  further  extend  this 

VHF,  UHF  equipment,  digi- 

niques,  tracking  and  ranging, 

matician,  or  Physicist  who  can 

Cedar  Rapids,  Iowa.  I  I 



NEW  DIMENSIONS  IN  SPACE 

From  early  theories  on  space  geometry,  man's  knowledge 
progressed  to  a  finer  appreciation  of  the  universe  and  the 
challenging  problems  in  its  exploration. 

Texas  Instruments  is  applying  its  capabilities  to  an  im- 

portant part  of  the  challenge  —  the  problems  of  data 
acquisition,  transmission,  recovery,  and  display. 

One  of  the  newest  technologies  being  brought  to  maturity 

in  the  Apparatus  division  is  the  expanded  application  of 
semiconductor  network  circuitry  to  space  exploration 

equipment.  TI's  approach  improves  reliability  and  sim- 
plifies circuitry  —  effectively  extending  equipment  capa- 

!  bility  without  increasing  volume. 

For  more  information  write  Marketing  department — 47. 

Here  is  one  example:  This  seven-ounce  PCM  digital  data  signal  con 
ditioner  has  the  semiconductor  network  equivalent  of  l,iU>  com 

ponents  Logic  is  performed  by  Solid  Circuit*  semiconductor  net 
works -102  of  them.  This  equipment  has  already  been  del ivere 

to  the  Department  of  Physics  and  Astronomy  at  the  State  Univei sity  of  Iowa  for  an  EGO  satellite  experiment. 

Trademark  of  Texas  Instruments  Incorporated 

APPARATUS  DIVISION 
Texas  Instrument: 

VP  ]  INCORPORATED 
I  N 
6  O  0  O  L  E 
P   O    BOX  601  E 

Circle  No.  16  on  Subscriber  Service  Card 
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THE  MOON 

U  ftlAI  TO  An  electronic  imaging  system  designed  by  Fair
child  can 

HUW    IU     survey  the  lunar  surface  with  resolutions  up  to  one  me
ter. 

Charts  of  this  precision  can  help  our  first  moon  explorers  locate 

IWI  A  p  themselves  with  pinpoint  accuracy.  But  how  to  make  them?  Fairchild 
studied  the  problem  in  depth,  designed  a  system  that  can  acquire 
terrain  data  from  a  lunar  satellite,  receive  and  process  the  data  on 

earth,  then  convert  it  to  highly  detailed  maps.  The  system  can  also 

provide  high  resolution  photos  of  potential  landing  sites. 

Advanced  systems  like  this  illustrate  Fairchild's  unique  combina- 
tion of  capabilities  in  electronics,  photography  and  in  cartographic 

and  data  processing  technologies.  Other  examples  are  outlined  in 
a  brochure,  "Facilities  and  Ca- 

pabilities-an  Eye  to  the  Future." For  your  copy,  write  Dept  62 
750BloomfieldAve.,Clifton,N.J.  ^ 

DEFENSE  PRODUCTS  DIVISION 
SYOSSET,  N  .  Y .  /  CLIFTON,  N.J. 
LOS  ANGELES,  CAL./PALO  ALTO,  CAL. 

A  COMPLETE  VISUAL  IMAGING  SYSTEMS  CAPABILITY 



7,000  gal.  titanium  tank 

for  liquid  hydrogen 

built  by  Beech  Aircraft 

Data  now  available  on  LT^tMiumsj 

cryogenic  properties 

Titanium  can  hold  more  liquid  hydrogen  at  less 
tank  weight  than  any  other  material  and  still  give 

you  impermeability  to  hydrogen,  generous  elonga- 
tions and  notch  toughness  at  — 423F. 

Some  specifics.  The  liquid  hydrogen  tank  shown 
here  was  built  and  successfully  hydrostatically 
tested  by  Beech  Aircraft  Corp.  Capacity:  7,000 
gallons.  It  was  fabricated  from  sheet  supplied  by 
Titanium  Metals  Corporation  of  America  to  less 
than  AISI  tolerances,  in  thicknesses  ranging  from 
0.014  to  0.025  inches. 

Cryogenic  alloys.  The  alloy  used  was  Ti-6A1-4V 
ELI,  one  of  two  alloy  grades  advanced  by  TMCA 
specifically  for  liquid  hydrogen  service.  The  other 
grade  is  Ti-5Al-2.5Sn  ELI.  The  designation  ELI 
stands  for  Extra-Low  Inters titials.  Typical  proper- 

ties of  these  grades  at  — 423F: 
Ti-6AI-4V  ELI:  tensile  strength,  263  ksi;  yield 
strength,  248  ksi;  notch  tensile  strength,  211  ksi; 
elongation,  7%. 
Ti-5AI-2.5Sn  ELI:  tensile  strength,  229  ksi;  yield 
strength,  206  ksi;  notched  tensile  strength,  233  ksi; 
elongation,  15%.  Compare  these  properties  with 
stainless  and  aluminum.  You'll  see  why  titanium 
guarantees  more  payload! 

Then  contact  TMCA,  the  nation's  only  firm  de- 
voted exclusively  to  titanium  and  the  only  company 

providing  the  full-time  comprehensive  technical 
service  you  require.  Phone,  write  or  wire  TMCA 
for  cryogenic  data  today. 

TIMET 
t  i  t.  a  n  i  u  m 

TITANIUM  METALS 
CORPORATION  OF  AMERICA 
233  Broadway,  New  York  7,  N.Y. 
NEW  YORK  •  CLEVELAND  •  CHICAGO  •  DALLAS  •  LOS  ANGELES 



TRACKING  AND  CONTROL 

More  Launches  Will  Tax  Techniques 

Reference  satellites,  more  sophisticated  radar,  lasers 

could  contribute  to  needed  state-of-the-art  advancement 

THIS  ACCURATE  antenna  being  built  at  Collins  Radio  Co.'s  Richardson,  Tex.,  plant 
will  go  into  operation  soon.  One  of  its  first  tasks  will  involve  experiments  with  Echo  11, 
scheduled  for  launch  later  this  year.  The  antenna  has  a  60-ft.  dia.  parabolic  reflector. 

THE  ACCELERATING  U.S.  space 
program,  which  will  send  more  satel- 

lites and  deep  space  probes  into  simul- 
taneous operation,  has  pointed  up  the 

need  to  extend  the  state-of-the-art  of 
vehicle  tracking  and  control. 

Here  are  just  a  few  areas  in  which 
technological  advancement  could  assist 
this  extension: 

—  Reference  satellites  to  calibrate 
tracking  equipment. 

—Greater  automation  in  tracking 
and  control  system  stations. 

—  More  sophisticated  radar,  particu- 
larly spaceborne  systems. 

—Use  of  the  optical  frequencies 
opened  by  development  of  the  laser. 

•  Current  equipment  —  Satellite 
tracking  equipment  in  current  use  varies 
from  simple  angle  or  Doppler  measure- 

ments like  those  used  in  Vanguard  and 
Transit  to  the  complete  radar  position 
measurements  used  in  the  Discoverer 

and  Mercury  programs.  Present  state- 
of-the-art  for  satellite  tracking  is 
roughly  15  ft.  in  range,  one  ft. /sec.  in 
range/rate  and  0.005  degrees  or  0.1 
milliradian  in  angle  measurements — for 
angles  above  10  degrees  in  elevation. 

One  advanced  system,  SPANDAR, 
an  S-band  radar,  is  being  tested  by 
NASA.  The  system  has  a  60-ft. -dia. 
antenna,  and  is  reportedly  capable  of 
skin-tracking  a  1-sq. -meter  target  at  600 
mi.  It  can  beacon-track  to  over  5000 
mi.  with  a  range  accuracy  of  less  than 
10  yards.  Tracking  is  done  by  conical 
scan  at  a  7.5  cps  rate. 

The  Earth's  atmosphere  places  limi- 
tations on  single  tracking  equipment. 

The  effects  can  be  corrected  in  the  3000- 
to  6000-mc.  region  to  about  0.02  to  0.05 
milliradians  in  angle  and  2-3  ft.  in  range 
— provided  the  elevation  angle  is  greater 

than  10°. 
To  achieve  these  accuracies,  there 

must  be  some  means  of  calibrating 
tracking  equipment  to  an  equally  high 
degree.  The  most  promising  method  is 
use  of  a  calibration  satellite  similar  to 
Transit  with  its  position  known  to  within 
500-600  ft.  Calibration  is  now  accom- 
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plished  using  an  airborne  beacon. 
A  reference  satellite  could  help  all 

stations  in  a  tracking  network.  A  prin- 
cipal advantage  is  that  short-term  effects 

of  space  propagation  paths  and  Earth 
site  conditions  could  be  taken  into 
account — solar  cycle,  Earth  weather 
conditions  and  the  proximity  of  noise 
sources.  Another  advantage  would  be  a 
readily  available  radio  source  for 
routine  performance  checking  of  the 
entire  tracking  and  control  network. 

Specialists  in  satellite  tracking  be- 
lieve the  principal  future  objective 

should  be  development  of  more  accurate 
prediction  techniques  based  on  less 
tracking  data.  It  would  then  be  possible 
to  computer-service  a  given  satellite 
about  once  a  month,  updating  its  orbit 
ephemeris  to  an  accuracy  sufficient  to 
meet  all  antenna  acquisition  or  data  in- 

dexing requirements  for  the  next  month. 
This  is  particularly  true  for  high-altitude 
orbits  where  atmospheric  drag  co- 

efficient variations  are  less  significant. 
In  this  system,  a  central  computer 

would  use  preselected  blocks  of  track- 
ing data  from  the  remote  stations  for 

updating  the  orbit  ephemeris.  The  up- 
dated data,  in  turn,  would  be  relayed  to 

each  tracking  station  where  a  local  com- 
puter would  compute  antenna-pointing 

data  required  for  scheduling  the  local 
station  and  its  equipment.  Thus  a  few 
computers  could  service  many  satellites 
with  minimum  data  flow  between  track- 

ing sites  and  the  central  computer. 
•  Deep  space  probes — Deep  space 

probes  have  a  common  characteristic — 
the  transmission  of  reliable  information 
over  distances  which  may  vary  from 
300  million  to  more  than  30  billion  mi. 
If  it  is  possible  to  communicate  over 
these  distances,  it  is  possible  to  track. 

The  choice  of  an  optimum  frequency 
for  a  space-vehicle-to-Earth  link  is 
based  upon  a  parametric  study  of  back- 

ground noise,  atmospheric  and  water 
vapor  absorption — to  minimize  the  re- 

quired transmitter  power  and  maximize 
system  range. 

Some  recent  studies  indicate  that 
vehicle  antenna  size  and  maximum  gain 
of  ground  antennas  may  have  become 
limiting  factors.  This  also  indicates  that 
optimum  frequency  choice  is  in  the 
area  of  2-3  kmc. 

Frequencies  for  deep  space  missions 
fall  into  two  general  categories — ground 
transmitter  and  space  transmitter.  The 
NASA/JPL  Deep  Space  Instrumentation 
Facility  (DSIF)  is  using  890  mc.  for 
Earth-to-spacecraft  transmissions  and 
960  mc.  for  transmissions  from  space- 

craft. All  DSIF  stations  will  phase  into 
assigned  space  communication  bands 
next  year,  using  2290-2300  mc.  for 
spacecraft-to-Earth  communications  and 
2110-2120  mc.  for  Earth-based  trans- 
missions. 

A  typical  receiving  system  might 

then  consist  of  a  60-ft.  antenna  with  a 
parametric  amplifier.  A  space  vehicle 
300  million  mi.  away  equipped  with  an 
expandable  16-ft.  antenna  could  trans- 

mit information  over  a  16-cps  band. 
But  for  most  applications,  this  is  a 
rather  slow  rate. 

To  increase  the  bandwidth  and  in- 
formation rate  without  an  increase  in 

size,  weight,  or  power  requirements  of 
the  space  vehicle,  designers  are  con- 

sidering one  or  more  of  three  alterna- 
tives— an  increase  in  transmitter  effi- 

ciency, an  increase  in  ground  receiver 
sensitivity,  or  an  increase  in  ground 
antenna  aperture. 

•  Three  networks  now — The  U.S. 
is  using  three  general-purpose  satellite 
control  networks  that  operate  more  or 
less  independently — NASA's  Minitrack 
system,  the  NASA  Mercury-tracking 
network,  and  the  Air  Force  satellite- 
tracking  network.  There  are  some  other 
special  purpose  nets  such  as  that  used 
for  Transit. 

With  more  space  vehicles  operating 
simultaneously,  each  network  will  soon 
have  to  schedule  its  services  more  effi- 

ciently. A  station's  operational  sched- 
ule must  provide  checkout  and  mainte- 

nance time  without  conflict  with  opera- 
tional time.  A  priority  must  be  estab- 
lished for  simultaneously  arriving  space 

vehicles  if  both  cannot  be  serviced  at 
the  same  time.  Stations  of  the  near 
future  must  be  able  to  switch  rapidly 
from  one  satellite  to  another. 

A  central  coordinating  agency  for  all 

space  flights  similar  to  the  FAA's  serv- ice to  air  traffic,  will  soon  be  needed. 
As  now  conceived,  such  an  agency 
would  act  as  a  central  clearing  house 
for  all  launch  schedules  and  re-entry 
missions. 

Cooperation  between  all  the  nor- 
mally independent  networks  could  be 

arranged  to  support  a  special  mission 
requiring  an  unusual  amount  of  track- 

ing, command  or  data  collection.  Co- 
operation of  all  networks  could  also  be 

directed  toward  an  all-out  search  for  a 
"lost"  space  vehicle. 

A  central  agency  would  serve  as  an 
information  collection  and  dissemina- 

tion point  for  vehicle  performance  data, 
failure  reports  and  future  schedules. 

•  Automation — Future  tracking  and 
control  systems  may  provide  a  signifi- 

cant change  in  tracking-station  philos- 
ophy. Scattered  throughout  the  world, 

the  stations  will  most  probably  be  com- 
pletely automated. 

Only  a  few  trained  personnel  will 
be  in  attendance  for  maintenance  and  to 
handle  emergency  operational  proce- 

dures in  event  of  a  major  system 
failure.  Display  and  control  functions 
and  all  decision  making  will  be  con- 

ducted at  a  central  data  control  center. 
Digital  computers  at  tracking  sites 

and  tied  to  a  central  computer  will  auto- 

matically handle  all  the  necessary  track- 
ing, control  and  telemetry.  Telemetry- 

data  will  be  monitored  automatically  and 
discarded  unless  measured  parameters 
deviate  from  prescribed  limits.  Com- 

puters will  automatically  perform  check- 
out and  calibration  procedures,  with  on- 

site  displays  used  principally  to  alert 
personnel  when  something  is  abnormal. 

•  Standardization  —  Still  another 
area  for  future  development  is  estab- 

lishment of  a  system  of  standards  for 
tracking  and  control  of  space  vehicles. 
Reliable  satellite  control  equipment  will 
require  two  areas  of  primary  develop- 

ment effort. 
First,  the  total  number  of  series  cir- 
cuit elements  in  a  system  must  be  re- 

duced in  order  to  reduce  the  statistical 
occurrence  of  routine  failures.  This  will 
require  development  of  a  test  history  on 
standardized  circuits  so  that  significant 
numbers  can  be  inserted  into  statistical 

predictions. Before  this,  however,  must  come  a 
definitive  listing  of  functions  to  be  per- 

formed, plus  accepted  ways  of  providing 
these  functions  and  a  designation  of 
circuits  standardized  for  this  purpose. 
Ultimately,  a  standardization  of  circuitry 
elements  equivalent  to  that  undertaken 
during  World  War  II  by  the  joint 
Army/Navy  standardization  program 
will  be  involved. 

Long-term  system  planning  is  a 
major  element  in  solving  the  problem. 
Despite  a  rapid  advance  in  technology, 
a  satellite  tracking  and  control  facility 
simply  cannot  become  obsolete  in  a  few 
years,  since  22  years  of  total  test  time 
without  a  failure  is  required  for  space- 
borne  equipment  before  one  year  of 
operating  life  can  be  assured  with  90% 
confidence. 

•  Radar — Radar  will  continue  as 
the  principal  data-collection  system 
in  aerospace  electronics.  Most  of  the 
current  work  is  in  heavy  surface  radar 
systems  such  as  the  DSIF,  plus  a  lesser 
effort  for  radar  in  manned  spacecraft 
and  missiles. 

No  operational  spaceborne  radar 
systems  now  exist,  but  there  is  a  heavy 
concentration  of  theoretical  study  on  the 
subject  and  some  hardware  develop- 

ment work. 
Radar  hardware  has  kept  pace  with 

system  performance  requirements  during 
the  past  decade,  but  the  picture  is 
changing.  Today's  complex  system  and variety  of  detection  requirements  have 
exceeded  radar  technology  despite  con- 

centrated development  programs  by 
both  government  and  industry. 

Detection  and  tracking  of  "dark" satellites,  detection  and  discrimination 
of  a  re-entering  warhead,  ultra-long- 
range  radar  systems  for  both  atmos- 

pheric and  space  reconnaissance — all 
these  present  problems  without  tangible 
hardware  solutions. 
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It  is  difficult  to  define  the  final  path 
radar  designers  will  take.  But  there  must 
be  a  very  careful  evaluation  of  the  trade- 

off between  target  detectability  and  sig- 
nal resolution  when  selecting  a  wave 

form.  Signal  integration  time  is  the  key 
parameter  in  determining  system  com- 

plexity for  a  given  modulation  band- width. 
With  the  determination  of  time- 

bandwidth,  the  remaining  problem  is 
one  of  extracting  the  desired  intelli- 

gence from  all  targets  available  within 
the  area  of  useful  Doppler  and  range 
values. 

•  Signal  processing — Signal  process- 
ing includes  signal  gating,  frequency 

filtering,  analog  storing  and  parameter 
estimation  performed  on  reflected  sig- 

nals received  over  the  effective  integra- 
tion time.  Coherent  techniques  requir- 
ing matched  filter  or  correlators  are 

finding  more  general  use  for  increasing 
efficiency. 

Many  design  groups  are  re-evaluat- 
ing the  internal  organization  of  various 

radar  systems  to  find  ways  by  which 
systems  can  make  greater  use  of  pre- 

viously acquired  information  to  seek  out 
new,  desired  information.  End  result 
will  be  a  form  of  self-organization 
and/or  self-adaptive  system. 

•  Radar  data  processing  —  The 
trend  is  toward  digital  data  processing 
techniques  in  advanced,  larger  scale 
radar  systems  with  the  final  step  in  the 
signal  processing  circuit  being  converted 
into  digital  code  and  operated  on  in  a 
digital  manner. 

Existing  digital  data  processing 
equipment  seems  fast  enough  for  the 
job,  since  minimum  sampling  rates  of 
most  radar  data  processing  applications 
are  in  milliseconds.  Memory  capacity 
and  system  operation  speeds  seem  to  be 
the  upper  limiting  factor  in  determining 
the  target  handling  capacity  of  digital 
systems. 

•  Antennas  —  The  phased  array  is 
perhaps  the  most  significant  trend  in 
radar  development.  Essentially  a  com- 

puter-programed combination  of  a 
number  of  separate  receivers,  trans- 

mitters and  radiators,  the  array  concept 
is  leading  designers  toward  new  classes 
of  radar  equipment.  Because  total  power 
output  is  the  sum  of  the  powers  of  in- 

dividual transmitters,  almost  unlimited 
amounts  of  power  can  be  radiated  from 
phased-array  antenna  systems.  Maxi- 

mum power  output  is  limited  only  by  a 
voltage  breakdown  in  the  waveguide, 
the  array  face  or  the  near-field. 

The  virtual  elimination  of  mechani- 
cal problems  with  very  large  rotating 

dishes  by  phased-array  systems  may 
prove  the  array's  scanning  capability  of greater  value  than  its  power  handling. 
Because  data  rates  are  not  limited  by 
relatively    slow    mechanical  response 

times,  much  higher  scanning  speeds 
become  possible. 

A  phased  array  can  provide  ex- 
tremely flexible  scanning  capability  be- 

cause areas  of  interest  can  be  selected 
for  scanning  while  others  are  excluded. 
Scan  speeds  are  easily  and  instantly 
controllable  with  probability  of  multi- 
beam  scan  almost  certain. 

A  computer-controlled  system  could 
be  directed  to  areas  of  highest  target 
probability,  and  could  concentrate  in 
this  area.  Side-lobe  suppression,  a  major 
problem,  can  be  controlled  by  regulating 
amplitude  of  the  array  elements. 

Large  scanning  arrays  can  be  built 
in  convenient  and  economical  form 
either  on  the  ground  or  on  the  hori- 

zontal ground  plane.  This  provides  the 
advantages  of  minimum  wind  resistance 
and  low  profile. 

Scanning  arrays  have  been  built  in 
forms  to  cover  part  of  a  sphere,  cylinder 
or  cone.  This  approach  will  probably 
be  carried  further  by  designs  for  use  on 
surfaces  of  missiles,  aircraft  and  satel- 

lites. The  system  will  probably  be  used 
with  a  computer  to  schedule  necessary 
phase  and  current  values  for  the 
various  elements  of  a  desired  scanning 
sequence. 

Use  of  electronic  scanning  on  sat- 
ellites will  be  particularly  desirable  be- 
cause of  the  low  energy  required  and 

because  the  lack  of  physical  motion 
eliminates  a  tendency  to  disturb  vehicle stability. 

On  the  negative  side  are  high  cost, 
complexity  and  potential  problems  of 
element  interaction  and  lack  of  element 
uniformity.  A  recent  study  estimated 
that  a  mass-produced  active  transmitter 
element  operating  in  the  1.3-gc.  area, 
with  a  200-kw  peak  and  2-kw  average 
power  would  cost  about  $5000.  This 
would  place  1000-  to  5000-element  full- 
scale  array  costs  between  $5  million 
and  $25  million  for  the  transmitter 
portion  alone. 

But  plain  garden-variety  reflector- 
type  antennas  should  not  be  overlooked. 
The  large  reflector  antenna  is  now  and 
will  continue  to  be  widely  used  for 
maintaining  contact  with  space  vehicles. 

There  is  a  definite  need  for  reduc- 
ing back-lobe  radiation  from  the  very- 

high-gain  antennas.  Once  this  is  accom- 
plished, space-vehicle  tracking  and  con- 

trol stations  and  other  radio  tracking 
services  should  be  able  to  share  the 
same  frequency  bands  to  a  much  greater 
extent  than  is  now  desirable. 

Ground  antennas  will  have  narrow 
beam  widths — on  the  order  of  one-half 
degree.  The  probability  of  the  simul- 

taneous appearance  of  two  satellites  in 
one  antenna  beam  is  relatively  small. 
Many  satellites,  therefore,  can  use  the 
same  frequency  without  mutual  inter- ference. 

Time  multiplexing  is  accomplished 

by  pointing  an  antenna  at  each  satellite 
in  turn  and  switching  on  the  satellite 
transmitter  via  a  command  link.  With 
two  satellites  in  the  same  antenna  beam, 
a  difference  in  address  codes  will  direct 
commands  to  the  desired  satellite. 

Positioning  a  large  antenna  to  a 
given  point  in  space  rapidly  and  accu- 

rately requires  advanced  development 
in  antenna  mounts  and  servo  controls. 
The  X-Y  mount  has  been  found  more 
suitable  than  conventional  azimuth-ele- 

vation mounts  when  used  for  satellite 
tracking.  The  X-Y  mount  avoids  high 
angular  rates  on  either  axis  when  mov- 

ing through  high  elevation  angles. 
The  limitation  of  tracking  is  the 

"keyhole"  angle  measured  from  the 
zenith  for  the  azimuth-elevation  mount 
and  from  the  horizon  for  the  X-Y 
mount.  The  worst  case  is  assumed  where 
the  satellite  passes  over  the  azimuth 
axis  or  over  the  X  or  Y  axis. 

Digital  techniques  have  been  devel- 
oped and  are  now  in  use  for  pointing 

high-gain  antennas.  Shaft  encoders  with 
a  resolution  of  0.1  milliradian  generate 
a  digital  signal  which  is  compared,  for 
each  antenna  axis,  with  a  digital  control 
signal.  The  difference  signal  is  converted 
into  an  analog  signal  and  used  to  actu- 

ate the  antenna  servo. 
Low-noise  devices  such  as  masers, 

parametric  amplifiers  and  low-power 
traveling-wave-tubes  are  being  used  at 
the  receiving  end  of  the  systems  to  im- 

prove the  signal-to-noise  ratio.  Error- 
correcting  codes  in  some  systems  have 
led  to  data  retrieval  at  S/N  ratios  of 
30-40  db  down. 

The  greatest  percentage  of  today's electromagnetic  communications  oper- 
ate in  the  High  Frequency  (HF)  to 

C-band  region  with  extensive  develop- 
ment programs  extending  this  range  in 

both  directions.  Extension  toward  the 
lower  frequencies  is  of  greatest  interest 
to  the  Bureau  of  Standards  and  various 
military  organizations  sponsoring  a  large 
amount  of  research  in  Low-Frequency 
(LF)  and  Very  Low  Frequency  (VLF) 
areas.  The  Navy's  Lofti  satellite  has  been 
used  in  experiments  to  evaluate  18-kc 
signals  transmitted  from  the  ionosphere 
to  Earth.  Low  frequencies  may  also 
provide  an  answer  to  penetration  of  the 
plasma  sheath. 

On  the  upper  end  of  the  frequency 
scale,  the  most  significant  developments 
have  been  in  coherent  infrared  and  light 
generation  opened  up  by  the  maser and  laser. 

Design  and  construction  of  traveling- 
wave  masers  has  permitted  increases  in 
gain  bandwidth  products  to  the  order 
of  13  db  with  a  67-mc.  bandwidth,  tun- 

able over  a  359-mc.  range  with  a  pump- 
ing power  of  100  mw.  to  19  kmc. 
An  interesting  developmental  area 

in  the  maser  field  might  lie  in  magnet- 
ically tunable  masers.  Theory  indicates 
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ELECTRONIC  'TREES'  dot  Stanford  University's  'antenna  farm'  48  log-periodic  antennas  are  used  to  study  interplanetary  gases 
to  receive  radar  echoes  from  Sun,  Moon  and  other  planets.  The       and  matter.    New  150-ft.  radio  telescope  is  in  background. 
that  if  an  optical  ruby  maser  or  similar 
device  with  a  pulsed  output  well  in  ex- 

cess of  100  watts  is  used,  and  if  mag- 
netic fields  on  the  order  of  100,000 

gauss  are  imposed  at  liquid  helium  tem- 
peratures on  crystal  wafers  of  Germa- 

nium, the  maser  should  be  magnetically 
tunable  in  the  far-infrared  and  sub-milli- 

meter region  of  the  electromagnetic 
spectrum. 

In  the  next  decade,  masers  should 
provide  coherent  monochromatic  sources 
much  more  energetic  and  efficient  than 
black-body  radiation  or  harmonic  gen- 

erators now  used.  Low-temperature  de- 
tectors using  solid-state  phenomena  of 

superconductivity  or  maser  amplifiers 
combined  with  coherent  sources  should 
make  this  energy-starved  region  a  fruit- 

ful future  developmental  area. 
Most  laser  research  to  date  revolves 

around  solid-state  devices  with  the  great- 
est interest  being  in  development  of 

higher  power  and  longer  operation.  A 
number  of  solid-state  CW  lasers  that 
operate  in  the  milliwatt  range  have  been 
announced.  The  kilojoule  range  in 
pulsed  laser  areas  is  rapidly  being 

approached. A  ruby  laser  modulation  system 
using  a  Kerr-cell  shutter  has  been  devel- 

oped for  application  in  harmonic  gen- 
eration, optical  ranging  and  material 

research. 
A  great  deal  of  R&D  will  be  required 

before  use  of  optical  frequencies  can  be 
seriously  considered  for  tracking  and 
control  of  satellites.  But  the  possibility 
exists  and  promises  a  large  increase  in 
available  bandwidths,  precision  tracking 
capability,  and  security  resulting  from 
the  very  narrow  "antenna"  bandwidths 
with  virtually  no  side-lobes  of  back 
radiation  patterns. 

Many  experts  feel  that  development 
of  devices  (and  eventually  systems)  for 

the  coherent  light  transmission  might 
reduce  the  importance  of  the  millimeter 
and  sub-millimeter  bands.  The  argument 
is  that  compared  to  coherent  light  their 
disadvantages  far  outweigh  the  advan- 

tages. An  important  fact,  however,  is 
that  the  millimeter  waves  behave  sim- 

ilarly to  circuits,  being  nothing  more 
than  an  extension  of  microwaves,  while 
coherent  light  demands  an  entirely  new 
design  approach. 

Plasma  sheath  communications  may 
require  millimeter  wavelengths.  Theo- 

reticians agree  that  frequencies  above 
the  plasma  frequencies  will  enable 
sheath  penetration.  The  plasma  sheath 
depends  upon  many  factors  including 
the  shape,  speed  and  material  of  the  re- 

entry body  plus  the  atmospheric  density. 
Ablation  products  from  the  vehicle 
change  the  sheath's  shape  and  plasma 
characteristics,  greatly  complicating  the 
problem.  8 
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Signal  Generator 

THE  "VOICE"  THAT  CARRIED  22  MILLION  MILES 

Model  412  FM  Signal  Generator,  for 
check  out  of  command  receivers  oper- 

ating in  the  400-550  mc  band,  features 
direct  six-place  digital  readout  of  fre- 

quency. Accuracy  to  within  1  kc  pre- 
vails at  any  setting  throughout  the 

frequency  range.  Continuous  coverage 
is  provided  by  a  single  tuning  control. 
The  unit  is  ideally  suited  for  both  fre- 

quency search  and  for  setting  to  a  given 
frequency,  as  well  as  receiver  align- 

ment, bandwidth  testing,  discriminator 
measurements,  sensitivity  measure- 

ments, filter  attenuation  measurements. 

Microdot  Inc.,  220  Pasadena  Avenue, 
South  Pasadena,  California 

Circle  No.  18  on  Subscriber  Service  Cord 

Power  Oscillator 

These  precision  units  are  designed 
for  laboratory  use  in  the  evaluation  of 
antennas,  calibration  power  measur- 

ing devices,  driving  of  amplifiers,  and 
other  applications  where  higher  power 
ratings  are  required.  Model  410,  shown 
above,  offers  a  frequency  range  of  500 
to  1050  mc  direct  reading.  Power  range 
is  50  mw  to  50  w.  The  unit  measures 

8"  x  11  x  19"  and  weighs  45  pounds. 
Other  models  cover  ranges  from  200- 
550  mc.  All  components  are  conserva- 

tively rated  and  carefully  arranged  for 
long  life  and  convenient  inspection. 

Microdot  Inc.,  220  Pasadena  Avenue, 
'  South  Pasadena,  California 

Circle  No.  19  on  Subscriber  Service  Card 

Signals  from  a  two-pound  Microdot  150-watt  Power  Amplifier  have  been  recorded 
from  a  solar  satellite  more  than  twenty-two  million  miles  beyond  the  earth ...  an- 

other indication  of  the  proven  performance  of  Microdot  rf  cavities  aboard  satellites, 
ICBM's,  and  rocket  sleds  under  the  most  demanding  environmental  conditions. 
Dozens  of  types  are  available  off-the-shelf  as  standard  miniaturized  modules,  or 
Microdot  can  supply  cavities  to  meet  customer  specifications. 

Microdot  Power  Amplifier  Modules  are  furnished  as  individual  modules  or  designed 
into  a  complete  Microdot  transmitter,  including  power  supply.  Available  with  power 
output  ranges  from  10  to  150  watts  and  power  gain  of  over  10  db,  these  units  are 
used  as  power  amplifiers  and  frequency  multipliers. 

Microdot  Frequency  Multiplier  Cavities  are  standard  modules  assembled  in  a  wide 
variety  of  combinations  covering  the  entire  frequency  range  from  100  mc  to  3000 
mc.  Single  cavities  multiply  as  high  as  nine,  have  been  cascaded  for  even  higher 
multiplication,  and  will  accommodate  amplifiers  to  satisfy  power  requirements. 

Microdot  Airborne  VHF-UHF  Transmitters  are  complete,  integrated  systems  built  to 
meet  your  most  exacting  system  requirements.  They  are  comprised  of  standard 
Microdot  miniaturized  coaxial  cavity  modules  (oscillators,  amplifiers,  and  frequency 
multipliers),  power  triodes,  pulsed  oscillators  and  power  amplifiers.  Many  modifica- 

tions are  possible  to  provide  complete  frequency  coverage  from  100  to  5000  mc. 

For  more  information,  write  for  these  illustrated,  detailed  bulletins:  Bulletin  PTM-1, 
JSC-1,  and  ATC-1. 

Microdot's  Model  2406A  UHF  Telemetry  Trans- mitter- utilizes  a  unique,  automatically  stabilized circuit  with  the  output  frequency  referenced 
directly  to  a  quartz  crystal,  allowing  greatly 

MICRODOT  I1VC 
220  Pasadena  Ave./South  Pasadena,  Cal 

MUrray  2-3351    SYcamore  9-9171 



TELEMETRY 

mmmm 

Data  Bottleneck  Doomed  by  Changes 

THE  NEXT  FIVE  YEARS  promise 
wholesale  changes  in  space  telemetry. 
Pressure  is  mounting  on  systems  users 
and  designers  to  break  the  data  bottle- 

neck which  continues  to  grow  with  the 
U.S.  space  program. 

The  plea  from  industry  for  more 
government-funded  R&D  in  this  area 
may  be  answered  shortly.  NASA's  FY 
"63  budget  for  electronic  R&D  includes 
a  60%  increase  over  FY  '62.  Space 
agency  officials,  now  putting  together  a 
broad  3-5  year  electronics  R&D  plan, 
expect  major  annual  increases  for  the 
next  few  years.  DOD's  research,  devel- 

opment, test  and  evaluation  budget  may 
get  an  added  boost  due  to  mounting 
criticism  of  the  limited  U.S.  military 
space  mission. 

Telemetry  seems  to  be  on  its  way 
toward  amalgamation  into  the  broader 
field  of  telecommunications.  As  a  re- 

sult, emphasis  and  funds  pumped  into 
the  rapidly  expanding  field  of  space 
communications  (see  page  46)  are  ex- 

pected to  produce  much  useful  data — 
particularly  in  transmitter,  receiver,  and 
antenna  development  —  for  telemetry 
system  designers. 

•  Some  results — The  net  effect  will 
be  quicker  development  of  several  new 
components,  techniques,  and  design  phi- 

losophies, many  of  which  have  been 
in  the  wind  for  some  time. 

With  respect  to  some  of  the  long 
range  programs,  these  include: 

—Development  of  long-sought-after 
digital  transducers  with  high  resolution, 
accuracy,  and  speed.  NASA  officials  be- 

lieve devices  of  this  type  could  be  in 
use  within  a  few  years,  erasing  many  of 
the  system  limitations  now  imposed  by 
a-d  converters.  Some  promising  pro- 

posals are  already  in  hand  and  under 
careful  study.  Fallout  from  guidance 
system  development  programs  using 
pulsed  components  is  also  feeding  the 
digital  transducer  effort. 

—Development  of  a  workable  adap- 
tive telemetry  system.  This  is  somewhat 

further  off,  though  scientists  foresee  no 
theoretical  bars.  Such  a  system  would 
probably  be  sensor-controlled  with  some 
ability  to  slow  or  speed  data  rates, 
manipulate  bandwidths,  introduce  re- 

dundancy, change  modulation  schemes, 

SATELLITE  DECODER  developed  by  Av 
special  noise-immune  filter  that  provides 
due  to  random  noise. 

or  shift  frequencies.  NASA  effort  here 
is  still  in-house,  but  funds  to  go  to  in- 

dustry with  the  problem  are  expected 
soon. 

—Combination  of  T/M,  voice,  track- 
ing, command  and  possibly  video  into 

a  single  telecommunications  link.  The 
trend  to  telecommunications  is  widely 
considered  to  be  inevitable.  Problems 
center  on  bandwidth  priority  (especially 
with  TV),  accurate  signal  extraction  and 
intermodulation  effects.  Eventually,  this 
link  will  remove  some  of  the  major  RFI 
problems  which  plague  systems  with 
numerous  radiating  sources. 

•  Direction  of  present  effort — For 
the  immediate  future,  the  effort  to  take 
full  advantage  of  available  bandwidth, 
spectrum,  and  system  capabilities  will 
take  the  following  predictable  paths. 

The  trend  to  time-multiplexed  PCM 
(pulse  code  modulation)  digital  trans- 

mission techniques  is  pronounced  and 
will  remain  strong,  though  they  may 
be  combined  with  other  modulation 
schemes  to  handle  data  variants  with 
maximum  bandwidth  efficiency. 

Government  and  industry  will  push 
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co  Corp.  for  NASA  vehicles.  Design  features 
maximum  security  against  channel  operation 

for  development  of  reliable  solid-state 
circuits  and  components  for  use  at 
2.2-2.3  kmc  microwave  frequencies,  to 
which  T/M  activity  will  eventually 
move  in  an  effort  to  ease  the  crowded 
225-260  mc  band.  Lack  of  such  com- 

ponents has  slowed  the  major  move  to 
these  bands,  now  estimated  for  about 
1970,  though  NASA  says  it  will  move 
its  unmanned  lunar  and  planetary  probe 
T/M  into  this  area  probably  within  a 
year,  using  mostly  traveling  wave  tubes 
and  klystrons  for  final  transmitter  power 
output. 

Extensive  use  of  on-board  data  proc- 
essing will  come  as  a  result  of  NASA 

and  DOD  pressure  on  designers  and 
analyzers  to  reach  more  realistic  data 
requirements.  There  is  a  great  problem 
here,  and  all  sources  interviewed  saw  a 
challenge  in  this  area  as  great  as  some 
of  the  technological  needs. 

Many  government  people  believe 
familiarity  with  space  parameters  is 
reducing  the  reluctance  of  many  en- 

gineers and  scientists  to  part  with  in- 
formation. One  system  envisioned  by 

NASA  would  provide  an  on-board  com- 
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IDS  conducts  research  and  development  pro- 
grams and  manufactures,  under  contract, 

transistorized/solid  state  systems  and  com- 
ponents in  configurations  tailored  to  military 

and  NASA  space  requirements.  ■  Example: 
IDS  Model  3-12  transformer  coupled  com- 

mutator is  believed  to  be  the  smallest  for  a 
30  x  10  configuration  available  to  the  Free 
World.  Designed  for  space  requirements,  the 

3-12  is  cased  in  a  3y2"  x  iy2"  x  2"  enclosure 
and  registers  less  than  0.25  juA  back  current 
at  85°C.  ■  Instrumentation  and  telemetry 
capabilities  are  established  in:  ■  Commuta- 

tors ■  Multiplexers  ■  Programmers  ■  A  to  D 
Converters  ■  Signal  Conditioners  ■  Multi- 
coders. 

Talk  to  IDS  at  Booth  84 
National  Symposium  on  Space  Electronics  and  Telemetry 

Fontainebleau  Hotel,  Miami  Beach 
October  2,  3,  4,  1962 
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INTERNATIONAL  DATA  SYSTEMS,  INC. 
2925  Merrell  Road  /  Dallas  29.  Texas  /  FL  7-9401 
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puter  to  look  at  all  data,  have  them 
transmitted  until  a  norm  is  established  in 
operating  parameters,  and  then  become 
quiescent  until  variations  in  the  norm 
occur. 

Pre-detection  recording  equipment, 
capable  of  handling  a  wide  range  of 
T/M  signals,  will  become  more  preva- 

lent. With  the  advent  of  recorders  with 
improved  dynamic  range,  pre-D  meth- 

ods may  eventually  replace  most 
post-detection  systems. 

Further  refinements  in  miniaturiza- 
tion, now  thought  to  be  pushing  state- 

of-the-art  limitations,  and  development 
of  reliable  integrated  microcircuity  and 
components  will  be  seen  through  order- 
of-magnitude  improvements  in  transmit- 

ter power  as  a  function  of  unit  size  and 
weight.  No  serious  problems  are  en- 

visioned for  currently  planned  projects. 
Development  wUl  accelerate  on  high- 

gain  directional  antennas  and  various 
wide-band  antenna  arrays  for  spacecraft, 
weighted  carefully  against  a  host  of 
trade-offs  in  satellite  attitude  control, 
transmitter  power,  physical  constraints, 
and  size  and  weight  limitations.  Larger 
antennas  will  also  cause  field-of-view 

problems. 
More  efficient  arrays  will  be  devel- 

oped, but  for  the  time  being  parabolic 
devices  will  probably  be  used  more  ex- 

tensively. Drag  considerations  will  focus 
new  attention  on  development  of  erec- 
table  antennas — pressure,  mechanical, 
or  self-erecting  types.  Spacecraft  ap- 

pendages such  as  solar-sails  and  nuclear- 
electric  radiators  may  solve  certain 
mounting  problems. 

Activity  will  increase,  at  least  in  the 
study  phase,  on  use  of  the  millimeter 
and  sub-millimeter  bands  for  telemetry 
and  communications,  partly  due  to  their 
possible  effective  use  as  carriers  in  pene- 

trating the  plasma  sheath  during  re- 
entry and  partly  to  increase  the  overall 

usable  spectrum.  Short  wavelengths 
may  offer  military  security  and  anti-jam 
capabilities.  However,  current  inefficien- 

cies in  RF  generating  equipment,  par- 
ticularly at  the  sub-millimeter  band,  will 

have  to  be  remedied. 
Further  reduction  of  receiver  noise 

will  continue  to  be  pursued  in  lieu  of 
substantially  increasing  transmitter  de- 

mands, but  some  engineers  believe  study 
will  shift  from  the  front  end  to  the 
IF  and  limiter  portions,  where  fre- 
quency-compressive  feedback  and  oscil- 

lator limiter  techniques  combine  with 
pre-D  recording  to  offer  significant 
improvements. 

Such  low-noise  devices  as  para- 
metric amplifiers,  tunnel  diode  ampli- 

fiers, and  broad-band  solid-state  micro- 
wave amplifiers  will  come  out  of  R&D 

into  wider  operational  use. 
Use  of  phase-lock  loops  will  still  be 

widespread,  though  long-range  space  use 
of  the  technique  has  some  roadblocks  in 

phase  discriminator  hardware.  NASA 
reports  it  has  study  plans  for  other 
methods  to  improve  receiver  threshold. 

•  Near-space  antennas  —  For  near- 
space  operation  (to  60,000  miles),  the 
trend  in  T/M  receiving  antennas  will 
move  toward  wide-band  multiple  fre- 

quency dishes  and  away  from  more 
frequency-limited  helical  and  yagi  types. 
This  will  not  erase  the  need  for  the  latter 
types  in  some  applications,  particularly 
support  of  small  scientific  satellites. 

For  the  manned  lunar  project,  a 
string  of  85-ft.  dishes,  possibly  modified 
with  Cassegrainian  feeds  plus  a  series  of 
smaller-diameter  dishes  for  the  near- 
earth  flight  phase,  will  handle  the  re- 

quirements. For  deep  space,  beyond  the 
current  85-ft.  diameters,  NASA  is 
developing  a  huge  210-ft.  parabolic  an- 

tenna at  JPL.  If  another  step  is  needed 
further  down  the  line  in  long-range  ap- 

plications, NASA  will  probably  go  to 
group  arrays  of  several  dishes.  Other 
inertialess  scan  arrays  using  dipoles, 
helical  or  yagi  elements  are  being  pro- 

posed for  near  space  application.  A  uni- versal polarization  scheme,  employing 
all  modes  and  operator-selectable,  is 
another  antenna  design  goal. 

Economic,  logistic,  and  data  acqui- 
sition back-up  considerations  will  tend 

to  consolidate  ground  sites.  The  trend 
will  probably  be  noticeable  with  the 
advent  of  advanced  weather  and  ob- 

servatory satellites.  A  few  closely  tied 
wide-band  data  acquisition  facilities, 
each  with  several  antennas,  are  likely. 

About  90%  of  space  system  failures 
being  electronic  in  nature,  according  to 
NASA,  reliability  programs  of  the  space 
agency  and  DOD  will  be  stressed  to  a 
far  greater  degree  than  before,  though 
both  have  somewhat  different  needs. 
NASA  is  now  at  work  developing 
what  it  hopes  will  become  a  standard 
space-qualified  parts  list  similar  in  use, 
but  not  in  requirements,  to  military 
specifications.  The  market  for  radiation- 
proof  components,  says  NASA,  has 
never  been  better. 

•  Modulation  schemes — If  one  area 
of  T/M  engineering  can  be  said  to  be 
attracting  the  most  attention,  it  would 
be  modulation  schemes.  Within  these 
methods,  PCM  is  most  often  focused 
upon  for  space  applications.  Though 
PCM  is  "no  panacea"  for  across-the- 
board  aerospace  telemetry,  many  believe 
it  is  likely  to  replace  the  older  time- 
multiplex  (PAM,  PDM)  systems  for 
many  applications. With  currently  available  encoders, 
PCM  has  an  inherent  data  accuracy 
within  0.1  %.  It  can  handle  a  large  num- 

ber of  channels  over  a  single  link,  makes 
maximum  use  of  natural  digital  outputs, 
is  less  sensitive  to  noise,  samples  data 
at  speeds  in  excess  of  50,000  bits/ sec, 
has  real-time  and  data-handling  advan- 

tage at  ground  sites  and  in  general 
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provides  more  flexibility  and  useful 
bandwidth  than  frequency-multiplexed 
systems  for  a  given  transmitter  power. 

Industry  sources  believe  earlier,  rela- 
tively fixed  PCM  formats  will  soon  give 

way  to  more  custom  formats,  including 
variable  sampling  rates  and  word 
lengths,  for  many  long  missions. 

Despite  PCM's  latitude,  the  intense 
effort  to  optimize  over-all  system  effi- 

ciency and  performance  for  an  entire 
space  mission  will  lead  to  more  com- 

bination techniques.  This  will  prolong 
the  life  of  some  older  schemes  and  give 
rise  to  some  new  ones. 

FM/FM  systems,  for  example,  will 
continue  to  play  a  useful,  reliable  and 
economical  role,  perhaps  enhanced  by 
proposals  to  expand  IRIG  frequency 
range  to  at  least  300  kc  and  possibly  to 
1  mc.  Also,  development  of  new  fre- 

quency translation  techniques  may  pro- 
vide an  increased  number  of  channels 

with  equal  frequency  response. 
•  Saturn  tested  SS/FM  —  Use  of 

SS/FM  to  transmit  wide-band  vibration 
or  acoustic  data  during  checkout  of 
large  space  boosters  is  also  viewed  fa- 

vorably. The  system  was  first  used  on 
the  Saturn  SA-2  launching  last  April. 

The  SS/FM  system  with  Saturn  re- 
portedly can  handle  15  data  channels, 

each  with  a  response  of  30-3000  cps  at 
a  bandwidth  efficiency  approaching 
15%.  This  is  roughly  10  times  as  effi- 

cient as  FM/FM  and  about  five  times 
better  than  PCM/FM  or  PAM/FM. 

Engineers  are  also  hopeful  of  the 
system's  superiority  in  small  satellites 
for  PFM  telemetry  because  of  reported 
transmitter  power  efficiency  as  a  func- 

tion of  bit  rate.  Such  systems  will  be 
used  in  NASA's  S-3  energetic  particles 
satellite  project. 

Biggest  controversy  in  development 
of  combined  or  hybrid  modulation 
schemes  as  a  means  to  an  efficient 

"universal"  telemetry  package  centers 
around  the  proposed  combination  of 
PCM  and  PAM. 

•  PACM  system  resisted  —  A  rec- 
ommendation three  years  ago  by  Ford's 

Aeronutronic  Div.  that  a  PACM  system 
— combining  a  high-accuracy  digital 
PCM  system  with  a  lower-accuracy  but 
high-data-rate  analog  PAM  system — 
might  offer  the  best  solution  has  met 
with  considerable  challenge  from  other 
industry  quarters. 

Some  of  the  major  criticisms,  how- 
ever, were  directed  at  use  of  the  tech- 

nique in  missile  technology.  In  space- 
craft, overall  efficiency  of  such  a  system 

is  less  controversial.  DOD  followed  up 
the  study  with  an  award  to  Aeronu- 

tronic for  prototype  hardware,  adding 
to  hard  feelings  among  others  in  indus- 

try. First  flight  test  of  this  equipment 
may  take  place  this  month.  8 

No  w  a  vail  able . . . 

ARMA'S 

experience  in  \ 

Aerospace 

Ground 

Equipment 

ARMA — creator  of  the  Atlas  inertial  guidance  system — has  engineered 
and  produced  almost  $2  billion  of  complex  systems  and  components  over 
the  past  four  decades.  This  performance-proved  ability  is  now  available 
to  aerospace  contractors  for  the  production  and  development  of  a  wide 
range  of  systems  and  components  in  the  areas  of  electronics,  computers, 
inertial  components,  servomechanics  and  hydraulics.  It  includes: 

Launch  monitoring  and  control  systems  •  Automatic  checkout  and  test 
equipment  •  Ground  handling  equipment  'Trainers  and  test  simulators  • 
Depot  and  factory  test  equipment. 

Complete  details  on  production  facilities  and  serv- 
ices are  contained  in  booklet  AGE-1.  Write  Cor- 

porate Government  Marketing,  Arma  Division, 
American  Bosch  Arma  Corporation,  Garden  City, 
New  York.  879s 

ON 
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Back  when  satellites  started  making  the  headlines,  it  was 

clear  that  man  in  space  was  next— and  that  it  would  take  a  lot 

of  groundwork  to  develop  the  capability  to  put  them  there. 

That's  why  five  years  ago  Lockheed-California  antic- 

ipated this  need  and  formed  its  Spacecraft  Organization— 

the  group  that  has  grown  into  one  of  today's  specialized 
and  knowledgeable  man-in-space  task  forces. 

From  the  beginning,  the  Lockheed-California  Space- 
Craft  Organization  has  devoted  its  efforts  specifically  to  the 

problems  of  transporting  men  from  one  point  to  another  in 

space.  This  called  for  capability  in  almost  every  phase  of 

space  technology -solar  physics,  geophysics,  astrophysics, 

biophysics,  and  radiation  hazards -as  well  as  the  develop- 
ment of  space  vehicles  and  manufacturing  techniques. 

Today,  the  Lockheed-California  Spacecraft  Organiza- 
tion stands  875-strong-experienced  and  ready  to  under- 

take important  projects  of  the  man-in-space  age.  This 

group  has  already  made  significant  contributions  to  space- 



craft  technology  such  as  the  original  Space  Ferry  concept, 
SLOMAR/SMART  projects,  and  other  major  orbital  ve- 

hicle concepts.  Unique  man-in-space  manufacturing  tech- 
niques of  the  Lockheed-California  Spacecraft  Organization 

include  the  development  of  high-strength,  lightweight, 
radiation-cooled  spacecraft  structures. 

For  more  informationn  about  the  Lockheed-California 
Spacecraft  Organization,  write  Mr.  Robert  A.  Bailey, 
Lockheed-California  Company,  Burbank,  California. 

LOCKHEED 

CALIFORNIA 

COMPANY 

BURBANK,  CALIFORNIA 
A  DIVISION  OF  LOCKHEED  AIRCRAFT  CORPORATION 



COMMUNICATIONS 

No  Breakthroughs  for  Next  5  to  7  Years 

U.S.  space  program  will  be  met  through  orderly  advancement 

of  communications  art;  optical  frequencies  hold  promise 

COMMUNICATIONS  REQUIRE- 
MENTS during  the  next  5-7  years  of 

the  U.S.  space  program  will  be  met 
through  orderly,  incremental  advances 
in  the  current  state-of-the-communica- 
tions-art.  Very  few,  if  any,  break- 

throughs are  predicted,  with  the  pos- 
sible exception  of  progress  in  the  use 

of  optical  frequencies  exceeding  the 
pace  now  envisioned. 

Most  observers  believe  that  com- 
munications to  the  edge  of  man's  solar 

system  can  be  accomplished  through 
sound  engineering  principles  applied  to 

existing  or  soon-to-be-at-hand  tech- 
nologies. Intergalactic  communications, 

on  the  other  hand,  are  admittedly  be- 
yond reach  and  are  likely  to  remain  so 

for  quite  some  time  due  to  the  totally 
new  problems  posed  by  relativistic 
shifts. 

Space  communications  needs  for 
current  projects  are  not  all  in  the  clear. 
There  are  still  many  problems  to  be 
solved  in  both  ground  and  spaceborne 
equipment.  Though  much  of  the  hard- 

ware to  make  these  improvements  is  not 
yet  on  hand,  many  of  the  techniques  are. 

•  Noise  reduction  progress  —  Sig- 
nificant progress  has  been  made  re- 

cently in  reduction  of  overall  receiver 
system  noise,  extension  of  solid-state 
componentry  into  higher  frequency 
ranges,  and  reliability  and  performance 
of  high  power  amplifier  tubes.  Given 
some  fresh  impetus  by  increased 
NASA  and  DOD  funding,  and  a  con- 

tinued rise  in  company-funded  R&D, 
temperature  and  noise  levels  should  be 
pushed  down  even  farther,  and  power 
and  operating  frequency  levels  should 
be  raised  even  higher  in  the  very  near 
future. 

Reliability  remains  the  chief  buga- 
boo of  space  communications,  be  it 

communication  satellites,  scientific  sat- 
ellites, or  lunar  and  interplanetary 

probes.  Designers  are  becoming  scru- 
pulously conservative  in  their  choice  of 

components  and  systems.  There  aren't enough  life  data  on  some  of  the  newer 
and  more  promising  developments  to 
warrant  their  use  in  a  multi-million 
dollar  vehicle  traveling  through  a  still- 
uncertain  environment  with  no  main- 

tenance man  aboard. 
Data  are  just  beginning  to  trickle 

in  on  the  effects  of  radiation  and  various 
forms  of  shielding  on  semi-conductor 
devices.  Most  of  this  is  coming  from 
Telstar.  More  will  come  from  the  soon- 
to-be-launched  NASA-RCA  Relay 
ComSat. 

Conservatism  is  obvious  not  only 
in  component  selection  but  also  in  total 
system  design.  The  most  recent  example 
is  Telstar,  a  remarkable  success  whose 
design  is  advanced  in  that  it  reflects  not 
the  very  latest  possibilities  but  the  spoils 
of  selectivity.  "Where  the  art  is  uncer- 

tain," says  Bell  Telephone  Laboratories' 
Dr.  John  Pierce,  "we  must  start  simple." 

•  Telstar,  Advent  effects — In  fact 
two  events  of  recent  months  —  the 
amazing  success  of  Telstar  and  the 
equally  colossal  multi-million  dollar 
flop  of  Advent — are  apt  to  shape  the 
thoughts  of  space  communicators  for 
quite  some  time. 

Though  some  hindsight  may  be 
claimed,  there  were  many  top  space 

HUGHES  AIRCRAFT  CO.  technician  assembles  part  of  a  new  high-power  amplifier 
tube  which  could  eliminate  re-entry  radio  blackouts  experienced  by  astronauts. 
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OPENING  BY  LASERS  of  the  300,000  kmc.  bandwidth  in  the  visible  spectrum  is  one  of 
most  glamorous  developments  in  space  communications.  Bell  Telephone  Laboratories 
technician  here  checks  alignment  of  gaseous  laser. 

lay  problems,  engineers  estimate  overall 
improvements  of  6-8  db  are  possible 
in  detection  and  front-end  systems. 

experts  who  felt  Advent  was  doomed 
from  the  start — greatly  overdesigned, 
overweight,  and  overly  ambitious  in  an 
area  about  which  relatively  little  was 
known.  It  was  recently  disclosed  that 
at  least  $75  million  of  the  $170  million 

spent  on  Advent  prior  to  its  "reorienta- 
tion" is  a  total  loss.  Hopefully,  this 

won't  happen  again. 
The  frequency  with  which  space 

probes,  scientific  and  observatory  satel- 
lites, and  communications  satellites  are 

being  launched  has  already  begun  to 
increase.  Within  the  next  few  years, 
many  of  these  programs  will  hit  peak 
launch  periods.  To  ensure  reliable  data 
links  with  these  vehicles,  the  assault  on 
improved  space  communications  will 
be  pushed  hard  from  all  directions. 

On  the  ground,  predictions  of  re- 
ductions in  internal  receiver  noise  and 

antenna  temperature  indicate  that  over- 
all receiver  system  sensitivities  by  1970 

will  be  four  or  five  times  greater  than 
at  present. 

R&D  will  continue  at  a  high  level 
on  the  use  of  cooled,  low-noise  para- 

metric amplifiers,  where  engineers  say 
still  more  decibels  can  be  squeezed  out. 
The  use  of  extremely  low-noise  masers 
will  also  become  widespread  and  will 
be  responsible  for  the  greatest  reduc- 

tion in  internal  receiver  noise  levels. 

•  Equipment  simplicity  needed — 
Louis  Pollack,  director  of  ITT's  space 
communications  laboratory,  points  out 
the  need  for  development  of  more 
easily  manageable  and  less  cumbersome 
maser  and  cryogenic  equipment,  requir- 

ing little  continuous  high-level  mainte- 
nance, for  use  in  the  string  of  smaller 

mobile  ground  stations  certain  to  spring 
up  around  the  world  with  the  advent 
of  global  satellite  communications. 

The  masers,  coupled  with  new  small 
RF  components  that  can  be  mounted 
directly  on  the  antenna  to  cut  down  on 
waveguide  and  rotary  joint  losses,  will 
be  vital  to  adequate  reception  by  the 
smaller  terminals. 

With  additional  effort  in  the  use  of 
feedback  techniques  and  solution  of 
lingering  phase  response  and  time  de- 
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As  an  example  of  progress  being 
made  in  reducing  antenna  temperatures, 
JPL's  85-ft.-dia.  Goldstone  antenna, 
which  operated  at  a  temperature  of 
1430°K  last  year,  will  reportedly  func- 

tion at  about  260°K  with  the  addition 
of  receiver  parametric  circuity. 

By  1964,  operating  in  the  2300  mc 
band  and  with  the  addition  of  a  maser 
amplifier,  low-noise  Cassegrainian  feed, 
and  matching  polarization,  system  tem- 

perature is  expected  to  reach  about 
30°K.  This  figure  probably  represents 
realistic  state-of-the-art  limitations  for 
the  near  future. 

•  Antenna  market  expands  —  The 
market  for  ground  antennas  to  support 
the  expanding  observatory-type  satel- 

lite, deep  space,  man-in-space,  and 
ComSat  programs  shows  signs  of  be- 

coming extremely  large.  Dishes  of  30-, 
40-,  60-,  and  85-ft.  dia  will  be  needed. 

Performance  of  new  dishes  with 
greater  than  200-ft.  diameters  planned 
for  JPL  may  determine  if  there  will  be 
an  attempt  to  go  beyond  the  85-  to  100- 
ft.  diameters  which  now  seem  to  be  the 
largest  destined  for  any  widespread 
space  communications  use.  For  the 
large  moveable  dishes,  additional  funds 
will  be  spent  on  improved  mechanical 
design,  servos  and  mounts. 

NASA  can  be  expected  to  augment 
the  three  existing  DSIF  stations  with 
back-up  85-ft.  dishes,  positioned  along 
the  same  longitudinal  but  not  neces- 

sarily at  the  same  site.  Other  dishes  of 
this  size  will  probably  be  built  in  the 
Far  East,  though  political  and  geo- 

graphic considerations  are  a  problem. 
Others  to  support  meteorological 

satellite  projects  will  go  into  Alaska 
and  Eastern  Canada.  The  market  for 
smaller  dishes  in  support  of  the  ob- 

servatory satellite  program  and  as  tie- 
ins  to  a  global  ComSat  net  is  poten- 

tially tremendous. 
There  is  some  controversy  concern- 
ing the  place  of  the  huge  reflector-horn 

antenna  used  at  the  Andover,  Me.,  Tel- 

star  terminal.  According  to  some  sys- 
tem planners,  while  the  horn  has  oper- 
ated extremely  well  and  at  exception- 

ally low-noise  levels,  in  terms  of  "bits 
per  buck"  it  is  not  likely  to  cause 
wholesale  displacement  of  smaller  and 
less  expensive  parabolic  terminals.  Some 
of  these,  when  modified  with  Casse- 

grainian feeds  and  masers,  will  report- 
edly approach  the  horn  in  noise-level 

performance. Additional  research  is  also  being 
performed  on  improved  Cassegrainian feeds. 

•  Design  requirements  —  Antenna 
design  for  lunar  and  planetary  probes 
will  require  large-aperture  antennas. 
The  same  is  true  for  the  wide  informa- 

tion bandwidths  expected  to  flow  from 
observatory  satellites  and  ComSats. 
Practical  system  gain  limitations  for 
single  large  dishes  is  reportedly  about 
60  db.  However,  gains  of  this  level  are 
certain  to  impose  pointing  problems 
due  to  the  extremely  narrow  accom- 

panying beam  width. Additional  attention  will  be  focused 
on  reducing  side  and  back  transmission 
lobes  as  protection  against  unwanted 

solar,  atmospheric,  and  earth  black- 
body  radiation.  The  latter  constraint 
may  become  especially  important  when 
communicating  with  low-altitude  satel- 

lites whose  tracks  pass  close  to  the 
horizon. 

Along  this  line,  the  search  will  con- 
tinue for  geographic  locations  which 

can  offer  additional  db  simply  by  vir- 
tue of  natural  terrain  shielding.  Also 

considered  must  be  remoteness  from 
other  RF  sources  (moving  to  higher 
frequencies  will  help  here),  yet  the  sites 
must  be  logistically  accessible.  For 
ComSats,  a  microwave  plug-in  should 
be  reasonably  near. 

The  Goldstone  location  is  said  to 
offer  some  20-30  db  in  terrain  shield- 

ing. There  is  not  a  great  number  of 
these  sites  available  which  may  indicate 
some  use  could  come  from  the  now 

defunct  Sugar  Grove,  W.  Va.  600-ft. dish  site. 
(Continued  on  page  70) 
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new  era 

of 

technological  excitement 

at 

Bell  Aerosystems 

activities  multiplying  in  9  diversified  areas 

□  A  REALISTIC,  3-DIMENSIONAL  VISUAL  SPACE  SIMULATOR  FOR  ASTRONAUT  TRAINING  □  DEVELOPMENT  OF  HYDRO- 
SKIMMER,  THE  LARGEST  AIR  CUSHION  VEHICLE  IN  THE  NATION  □  AN  ALL-WEATHER,  AUTOMATIC  AIRCRAFT  LANDING 
SYSTEM  □  NEW  APPLICATIONS  OF  THE  BELL  HIPERNAS  SYSTEM,  MOST  ACCURATE,  PURE  INERTIAL,  SELF-COMPEN- 

SATING NAVIGATION  AND  GUIDANCE  SYSTEM  KNOWN  □  ULTRA-RELIABLE  CONTROLS  FOR  SKIP-GLIDE  REENTRY 
VEHICLES  □  MUTUAL  INTERFERENCE  PROBLEMS  OF  THOUSANDS  OF  RADIATING  DEVICES  EMPLOYED  IN  BATTLE- 

FIELD SITUATIONS  □  DEVELOPMENT  OF  TRANSMITTERS,  RECEIVERS,  CODERS,  DECODERS,  GROUND  CHECK-OUT  AND 
MAINTENANCE  EQUIPMENT  FOR  A  SOPHISTICATED,  PULSE-TYPE  UHF  SYSTEM  □  NEW  CONCEPTS  IN  V/STOL  □  A 
NEW  GENERATION  AGENA  ENGINE,  THE  NATION'S  MOST  RELIABLE  SATELLITE  PROPULSION  SYSTEM. 

Opportunities  Now  Open  in 

MATHEMATICAL  ANALYSIS 

For  assignments  related  to  reliability 
theory,  test  planning,  data  accuracies, 
instrument  errors,  error  analysis  and 
high  speed  electronic  calculations.  Re- 

quires degree  in  Mathematics  with 
strong  educational  background  in  the 
sciences,  or  ME  or  AE  with  background 
in  statistics  and  probability  theory,  par- 

ticularly as  applied  to  engineering  and 
testing  in  liquid  propellant  rocket  engine 
and  propulsion  systems. 

ELECTRONIC  SYSTEMS  

To  initiate  and  conduct  original  theo- 
retical and  experimental  investigations 

for  the  synthesis  and  analysis  of  ad- 
vanced electronic  control  systems  such 

as  air  traffic  control,  target  locators, 
visual  simulators  and  feedback  controls. 
Minimum  5  years  related  experience. 

PROPULSION  ANALYSIS  

For  propulsion  and  performance  analysis 
for  air-breathing  engine  systems,  includ- 

ing propellers,  ducted  fans  and  ducted 
propellersystems.  Requires  advanced  de- 

gree with  5  years  experience  in  internal 
aerodynamics  and  propulsion  analysis. 

INERTIAL  GUIDANCE 

For  development  of  complete  guidance 
and  navigation  systems  for  strategic 
and  tactical  missiles,  aircraft  and  aero- 

space vehicles,  ship  and  submarine  navi- 
gation, and  drone  recovery.  Various  de- 

gree levels  with  2  to  8  years  specific 
experience  in  one  of  the  following  areas: 
logic  design  and  magnetic  memory  de- 

velopment; low  frequency  design  and 
development  involving  servos;  systems 
and  component  testing;  resolver  chains, 
gyros,  accelerometer  integrators;  inertial 
instrument  development. 

STRUCTURES  ENGINEERING 

To  develop  structural  concepts  for  high 
tern peratu re  a nd  space  structu res,  estab- 

lish and  direct  test  programs,  prepare 
research  proposals.  BS  with  8  years  in 
stress  analysis  and  structural  design, 
including  high  temperature  structures 
and  associated  thermal  materials. 

 SYSTEMS  INTEGRATION  

BS  in  ME,  Applied  Math,  AE  or  Physics, 
with  experience  in  the  dynamics  of 
closed  loop  systems,  guidance,  me- 

chanics of  vehicle  flight,  space  me- 
chanics, analog  and  digital  computing 

systems. 

Send  resumes  now  »o  Mr.  T.  C.  Fritschi 

ROCKET  PRELIMINARY  DESIGN 

To  conduct  analytical  and  design  studies 
and  investigations  in  all  areas  of  rocket 
engines  and  rocket  systems,  including 
conceptual  design  and  support  analysis 
for  new  rocket  propulsion  systems.  Re- 

quires BS  or  advanced  degree  in  ME, 
AE,  ChE  or  Applied  Physics  with  mini- 

mum 6  years  experience  in  thermody- 
namics and  fluid  dynamics,  or  heat 

transfer  as  applied  to  liquid  propellant 
rocket  engines. 

ELECTRONIC  COMMUNICATIONS 

To  develop,  design  and  test  a  sophisti- 
cated pulse-type  UHF  System,  including 

transmitters,  receivers,  coders,  decod- 
ers, ground  checkout  and  maintenance 

equipment.  Requires  an  EE  degree  with 
major  in  communications  and  several 
years  related  experience. 

AEROSPACE  PRELIMINARY  DESIGN 

To  develop  and  design  parameters  for 
spacecraft  and  missile  systems  and  to 
serve  as  project  proposal  directors.  Pre- fer advanced  degree,  with  minimum  8 
years  experience  in  all  phases  of  air- 

craft and  space  systems  design  work. 

BELL  AEROSYSTEMS  CO. 
DIVISION  OF  BELL.  AEROSPACE  CORPORATION -A  feXtrOfll  COMPANY 

An  Equal  Opportunity  Employer  P.O.  Box  °1,  Buffalo  5,  New  York 
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SPACE  ELECTRONICS 

GUIDANCE 

Radio-lnertial 

Guidance  Systems  Preferred 

Hybrid  optical  and  radio/ stellar  inertial  systems 

will  dominate  for  later,  long-duration  manned  flights; 

future  inertial  designs  expected  to  be  primarily  digital 

RADIO-INERTIAL  guidance  tech- 
niques appear  to  have  a  distinct  edge 

over  pure  inertial  or  even  stellar-inertial 
approaches  for  space  guidance  and  navi- 

gation for  the  next  few  years. 
This  is  contrary  to  trends  in  missile 

systems,  where  the  controlling  factor 
has  been  security  rather  than  accuracy. 

At  the  same  time,  many  in  industry 
predict  that  in  the  next  decade  inertial 
systems  will  be  further  refined  to  offer 

even  greater  reliability  and  smaller  size, 
and  will  be  supported  by  better  sensors. 
Some  expect  future  inertial  systems  to 
be  primarily  digital. 

•  G&C  today — As  the  technology 
stands  today,  radio  guidance  seems  best 
for  the  majority  of  space  missions  cur- 

rently planned.  Radio  inertial  systems 
are  predominant,  and  hybrid  optical-/ 
radio-/stellar-inertial  systems  for 
manned  flight  will  dominate  for  later 

KOLLSMAN  Instrument  Corp.'s  KS-137  star  tracker  designed  for  NASA's  Orbital 
Astronomical   Observatory,    being   built   by    Grumman    Aircraft    Engineering  Corp. 

lissiles  and  rockets,  September  17,  1962 

long-duration  missions. 
Most  long-range  missions  involve 

some  form  of  mid-course  correction. 
Surveyor  will  be  the  first  deep-space  ve- 

hicle to  attempt  a  soft  landing.  This  will 
require  a  highly  accurate  terminal  guid- 

ance capability.  The  Orbiting  Astro- 
nomical Observatory  will  require  an 

extremely  high-accuracy  stabilization 

system. Guidance  technology  required  dur- 
ing the  latter  half  of  this  decade  will  be 

derived  from  the  techniques  and  hard- 
ware of  these  early  systems  and  the  ex- 

perience gained  through  Gemini  and  the 
initial  Apollo  flight  test. 

Concurrently,  the  X-15  is  serving  as 
a  flight  test  bed  for  both  aerodynamic 
and  outer  atmosphere  control  mecha- 

nisms and  systems.  The  adaptive  control 
system  in  X-15  will  be  the  forerunner 
of  that  used  in  X-20  and  later  ma- 
neuverable  systems. 

It  is  doubtful,  however,  that  anyone 

can  predict  today  with  reasonable  ac- 
curacy the  guidance  and  control  con- 

figuration in  the  advanced  Apollo.  A 
major  advance  in  booster  technology  or 
a  breakthrough  in  gyro  devices  could 
completely  alter  systems  beyond  1966. 

•  Theoretical  breakthrough?  — 
Along  with  component  advancements, 
step  advances  are  needed  in  many  areas, 
especially  space  navigation.  Small  math- 

ematical study  projects  now  being 
funded  throughout  the  country  by  both 
NASA  and  the  Air  Force  may  bring 
gains  in  G&C  techniques. 

For  example,  the  USAF  Aeronauti- 
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BULOVA 

AHEAD  OF  TIME... 

ON  SAFING  DEVICE  DE- 
VELOPMENT AND  PRO- 

DUCTION simply  because 

we've  already  delivered  over 
31,000,000  S&A  devices.  Prime 

and  sub-contractors  can  rely  on 
sure  delivery  from  Bulova  on,  or 

in  advance  of  schedule  —  keep- 
ing comfortably  ahead  of  re- 

quirements for  S&A  materiel. 

And  it  may  be  of  no  little  in- 
terest that  Q.R.C.  Groups 

(Quick  Reaction  Capability) 
can,  and  do  turn  to  Bulova  for 
fast,  reliable  solutions.  This  is 
familiar  ground  to  our  engineers 
—  long  seasoned  in  S&A  mech- 

anism design  and  development. 
Programmers,  S&A  mecha- 

nisms, fuzes,  timers,  safety  de- 
vices, adaption  kits,  ignition,  and 

destruct  devices  come  off  the 
smoothly-functioning  Bulova 
production  line.. .precision-made 
— ready  to  go.  Find  out  how  our 
S&A  experience  can  help  your 
organization  run  ahead  of  time. 
Write— Bulova  Research  &  De- 

velopment Laboratories,  Wood- 
side  77,  New  York,  N.  Y. 
[  INDUSTRIAL/DEFENSE  GROUP  § 

Bulova 
RESEARCH  &  DEVELOPMENT  LABORATORIES 

50  Circle  No.  27  on  Subscriber  Service  Card 

cal  Systems  Div.  has  continually  sought 
to  reduce  the  immense  computational 
task  associated  with  space  guidance. 
Adaptronics,  Inc.,  a  small  but  well- 
staffed  firm  in  Annandale,  Va.,  was  se- 

lected to  concentrate  on  classical  mathe- 
matical theorems  and  "look  for  a  loop- 

hole in  the  existing  calculus." 
R.  L.  Barrens,  the  firm's  chief  engi- 

neer, told  M/R  that  his  group  is  con- 
vinced they  have  found  such  a  loophole. 

Barron  reported  development  of  a 
mathematical  basis  for  real-time  com- 

putation of  guidance-control  maneuvers 
of  the  two-point  boundary-value  type. 

The  next  step,  he  said,  is  to  hold  a 
feasibility  demonstration.  If  the  theory 
proves  sound,  the  awesome  complexity 
of  path-to-go  calculations  will  have  been 
reduced  significantly. 

Current  simulation  results,  stressed 
Barron,  show  that  system  terminal-error 
levels  will  be  no  greater  than  sensor 
threshold.  Further,  system  response  is 
devoid  of  limit  cycles  and  does  not  over- 

shoot. Unscheduled  parameter  changes 
— within  the  10:1  or  20:1  range — pro- 

duce no  adverse  effects,  Barron  reports. 

•  R&D  trends  during  decade — Ex- 
isting types  of  inertial  guidance  sys- 

tems will  not  change  radically  over  the 
next  10  years,  according  to  Bernard 
Lichtenstein,  guidance  expert  in  Gen- 

eral Precision,  Inc.'s  systems  division. 
He  believes  this  will  prove  to  be  a 
period  of  "consolidation  and  refine- 

ment," in  which  digital  systems  will  pre- 
dominate and  some  gains  in  reliability, 

size,  and  sensor  accuracy  will  be  made. 
He  also  foresees  greater  use  of  gim- 

balless  platforms,  and  of  stellar  devices 

as  auxiliary  reference  for  inertial  sys- 
tems. He  does  not  discount  the  pos- 
sibility of  some  future  use  of  lasers  in 

a  new  family  of  navigational  aids. 
There  is  still  much  to  be  learned 

about  space  navigation,  according  to 

J.  C.  Records,  general  manager  of  GE's 
Apollo  program;  however,  present  radio- 
inertial  guidance  hardware  and  tech- 

niques are  adequate  for  manned  space 
missions  in  the  near  future,  he  says. 

Engineers  at  Minneapolis-Honeywell 
expect  increased  use  of  inertial  systems 
and  a  steadily  growing  use  of  auxiliary 
electro-optical  inputs  in  space  navigation 
— particularly  for  mid-course  and  ter- 

minal corrections. 
In  general,  the  experts  predict  that 

gas-bearing  gyros  will  continue  for  some time  to  be  the  workhorses  in  inertial 
subsystems — because  of  their  reliability, 
not  their  accuracy. 

Opinions  differ  as  to  the  future  use 
of  electrostatic  and  cryogenic  gyros. 
Lichtenstein,  for  example,  sees  only  lim- 

ited use  for  such  devices.  Typical  of  the 
opposition  are  GE  and  Honeywell,  both 
leaders  in  the  development  of  such  in- struments. 

Robert  Hardesty,  manager  of  ad- 
vanced guidance  and  navigation  at  GE- 

Pittsfield,  says  that  while  electrostatic- 
gyro  use  is  closer,  cryogenic  systems 
will  take  a  firm  hold  in  5-10  years. 

A  problem  with  the  cryogenic  is  that 
it  requires  elaborate  cooling.  But,  said 
Hardesty,  there  are  distinct  advantages 
in  a  navigation  system  entirely  designed 
for  cryogenic  operation.  He  predicted 
that  before  1970  such  a  system  would  be 
completed  occupying  roughly  half  the 
space  of  a  standard  desk.  The  complete 

SELF-ADAPTIVE  flight-control  system  now  flying  in  No.  3  X-15  gets  final  check  at 
Minneapolis-Honeywell's  Aeronautical  Div.    Computer  contains  nearly  9,000  parts. 
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system,  he  said,  will  require  almost  neg- 
ligible power.  The  only  power  leads 

would  extend  from  the  closed  package 
and  optical  readout  will  be  used. 

•  Some  limitations — A  problem  in- 
herent in  the  entire  space  field  is  cus- 

tomizing subsystems  for  specific  mis- 
sions, particularly  guidance  and  control 

systems.  Because  of  this,  standardiza- 
tion is  rare. 
Some  engineers  say  that  if  anything 

can  be  standardized  it  might  be  the  G&C 
computers — at  least  to  the  extent  of 
standardized  families  with  interchange- 

able subsystems. 
Another  long-term  problem  involves 

G&C  systems  design.  Such  systems  re- 
quire complete  component  and  circuit 

integration.  The  variety  of  technologies 
and  complex  work  involved  call  for 
many  specialists  to  perform  the  com- 

plete design  task. 
To  ease  the  design  problem,  G&C 

manufacturers  are  relying  more  and 
more  on  computer  optimization  tech- 

niques that  permit  rapid  and  reliable 
error  analysis. 

Another  major  technical  limitation 
is  found  in  the  manufacture  of  preci- 

sion gyros.  Many  engineers  predict  an 
approaching  barrier  to  further  error 
percentage  reduction  in  inertial  units. 
A  breakthrough  is  needed  to  permit  a 
significant  gain  in  accuracy.  The  nu- 

clear-spin gyro  could  be  the  next  major 
development.  Use  of  superconductive 
shields  may  help  in  permitting  unclut- 

tered measurement  of  magnetic  mo- 
ments. 

•  Booster  control  trends — In  a  re- 

cent paper  entitled  "Satellite  Booster 
Control,"  A.  F.  Schmitt  of  General 
Dynamics/  Astronautics,  San  Diego, 
traces  the  technological  growth  of  guid- 

ance and  control  in  boosters  during  the 
1960's.  The  following  points  sum- 

marize Schmitt's  conclusions  concerning future  trends  in  this  vital  field: 

—Satellite-booster  flight-control  sys- 
tems will  use  closely  integrated  autopilot 

guidance  functions.  For  increased  ef- 
ficiency, digital  computers  will  find  in- 

creased data  processing  tasks  to  provide 
both  short  period  mode  stability  and 
mission  guidance. 

—Self-adaptive  control  systems  — 
needed  for  short-period  modes — must 
provide  stability  and  acceptable  response 
under  conditions  of  wide  vehicle-param- 

eter variations.  Under  such  severe  con- 
ditions, adaptive  flight-path  guidance 

could  provide  maximum  performance  in 
the  presence  of  physical  constraints. 

—Maximum  systems  reliability,  con- 
sidering the  very  high  costs  of  next- 

generation  boosters,  may  warrant  judi- 
ciously employed  subsystem  and  com- 
ponent redundancy.  8  , 

missiles  and  rockets,  September  17,  1962 

PRECISION  GIMBAL  ANGLE  ENCODEI 

■pj  Irani 

Digital 

Pickoff 

FOR  ATTITUDE  REFERENCE  PLATFORMS 

AND  INERTIAL  SYSTEMS 

DIGISYN®  Type  RI-15S  optical  pancake 
encoder  —  2'1  counts  per  revolution  with 
rotation  sensing  and  zero  reset. 

The  Wayne-George  DIGISYN®  Type  RI-15S  measures 
gimbal  angles  in  attitude  reference,  inertial  guidance  and 
similar  platforms  with  accuracies  to  40  seconds  of  arc. 

Associated  solid  state  electronics  occupying  less  than  10  cubic  inches 
provide  high-level  pulses,  one  pulse  for  each  40  seconds  of  arc,  which 
may  be  counted  to  give  a  direct  digital  representation  of  angle.  Self- 
contained  direction  sensing  logic  provides  pulses  on  one  of  two  lines 
depending  on  direction  of  rotation.  A  third  line  provides  a  zero  index  for 
resetting  a  reversible  counter.  The  precision,  hollow  encoder  bearing  may 
be  used  as  a  gimbal  support  in  most  platform  applications. 
In  addition  to  greater  accuracy  and  reliability,  savings  in  weight  and  space 
over  synchro-to-digital  systems  can  be  realized  with  the  Type  RI-15S 
pancake  encoder. 
Wayne-George's  experience  in  the  design  and  production  of  angle  encoders 
and  pulse  tachometers  for  a  wide  variety  of  applications  is  available  to 
meet  your  special  requirements. 

1_LJ' 

Write  for  Technical  Literature 

WAYNE-GEORGE  CORPORATION 
322  Needham  Street,  Newton  64,  Mass. 
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A  Message  to  the  Engineer/Scientist  Community  At 

l_arge  _and  a  Question:  there's  a  dynamic  technological 
race  going  on  at  the  Atlantic  Missile  Range,  a  race  between 

the  fast-increasing  capabilities  of  new  missiles  and  space  ve- 
hicles and  the  capacity  of  range  instrumentation  to  test  their 

performance.  □  We  wonder  how  much  you  have  heard 
about  this.  ...and  about  the  challenge  it  offers  engineers 

and  scientists  with  PAN  AM  at  Cape  Canaveral?  □  You 

may  know  a  small  segment  of  the  work . . .  many  do.  But 
only  a  handful  are  aware  of  its  scope.  In  fact,  we  of  PAN 

AM'S  Guided  Missiles  Range  Division  sometimes  think 
that  only  the  ubiquitous  sea- 

gulls know  the  full  story  of 
the  new  range  instrumenta- 

tion technology  we've  created 
in  the  9  years  we've  been 
charged  with  development 
and  management  responsibil- 

ities for  AMR  by  the  U.S.  Air 
Force.  □  The  measure  of 

the  distance  we've  come  is  the 
measure  of  the  technological 
jump  between  MATADOR 
and  MARINER.  □  In  the 
simplest  terms,  this  has  meant 
acquiring  ever  greater  funds 
of  data,  of  ever  higher  accu- 

racy, at  ever  greater  distances 
—  and  converting  and  trans- 

mitting it  at  ever  increasing 
speeds.  □  first,  the  exist- 

ing range  instrumentation 
and  communications  tech- 

niques were  pushed  to  the 
utmost  bounds  of  their  capac- 

ities—THEN  they  were  re- 
placed with  new  range 

systems  built  to  new  concepts, 
as  specified  by  PAN  AM 
engineers  and  scientists 
backed  by  research  groups.  □  Today  — a  new  phase  oj 
range  technology  development  is  under  way— staff  build-up 
is  proceeding  on  schedule.  □  To  meet  the  demanding 
requirements  of  both  today  and  tomorrow,  much  of  the 
work  of  the  Range  is  divided  into  three  time  projections: 

(A)  designing  and  implementing  range  instrumentation  for 
launches  programmed  for  this  year  and  next; 

(B)  developing  range  technology  concepts  required  fori 
launches  in  the  near  future  I  Dyna-Soar,  Gemini,  Apollo 
test  vehicles,  advanced  Saturn  boosters  and  Nova)  ; 

GUIDED  MISSILES  RANGE  DIVISION 

QUIETLY... 

1 

- 

a  whole 
new  range 
technology 

has 

been 
created 

PATRICK  AIR  FORCE  BASE,  FLORIDA 

1(C)  advanced  planning,  looking  forward  as  much  as  15 

years.  Includes  considering  such  problems  as  how  to  serv- 
ice, launch,  track  and  recover  information  from  multi- 

million  pound  thrust  booster  systems  and  anticipating  the 
problems  associated  with  the  launching  and  support  of 
nuclear  propelled  boosters  and  spacecraft. 

1  OPPORTUNITIES  are  open  right  now  to  join  Pan  Am 
in  developing  range  test  systems  of  hemispheric, 

global  and  celestial  scope.  □  □  SYSTEMS  ENGINEERS 
EE,  Physicist —  capable  of  accepting  project  responsibility 

for  design  of  range  instrumen- 
tation systems,  monitoring 

systems  development,  installa- 
tion and  acceptance.  (Must 

also  be  adept  at  liaison.) 

Background  in  one  of  the  fol- 
lowing areas  is  essential: 

Pulse  radar.  CW  techniques, 

telemetry,  infrared,  data  han- 
dling, communications,  closed 

circuit  TV.  frequency  analy- 

sis, command  control,  com- 
mand guidance,  underwater 

sound,  timing  □  INSTRU- MENTATION PLANNING 
ENGINEERS  EE,  Physicist 
—  with  managerial  capacities, 

to  accept  responsibility  for 

specific  global  range  instru- 
mentation concepts.  Must  be 

able  to  comprehend  overall 

range  instrumentation  con- 
cepts and  have  extensive 

experience  in  one  of  the  fol- 
lowing areas:  radar,  tele- 

metry, infrared,  optics,  data 
handling,  communications, 
underwater  sound,  shipboard 
instrumentation  □ 

SENIOR  ENGINEERS  &  SCIENTISTS  /  FORWARD 

PLANNING  PhD's,  Math.,  Physics,  Applied  Mechanics, 
Astronomy,  Electronics  — to  evaluate  and  project  the  state- 
of-the-art  in  all  applications  to  range  instrumentation.  Help 
establish  both  theoretical  and  practical  limitations  of  exist- 

ing relevant  technologies.  □  In  addition  to  all  the  un- 
common professional  values,  you  get  Florida,  too !  Those 

who  enjoy  casual,  year-round,  outdoor  living  are  in  their 
element  at  the  Cape,  where  a  majority  of  engineers  and 
scientists  live  and  play  near  the  water.  Consider  too  that 
PAN  AM  gives  you  a  90%  world-wide  air  travel  discount. 

Why  not  write  us  today,  describing 
your  interests  and  qualifications  in 
any  of  the  areas  above.  Address 
Dr.  Charles  Carroll.  Pan  American 
World  Airways,  Inc.,  P.  0.  Box 
4336,  Patrick  Air  Force  Base,  Fla. 
An  Equal  Opportunity  Employer. 
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"Make  the  meshes  of  this  net  one-eighth  wide. 
A  should  be  of  immature  fir  wood, 

light  and  possessing  its  bark.  B  should  be 

fustian  pasted  there  with  a  feather  to 

prevent  it  from  coming  off  easily. 
C  should  be  starched  taffeta  . . . 

and  as  a  test,  use  thin  pasteboard." 

P  « 

G II II  ID 

It  is  unlikely  that  Leonardo  da  Vinci  would  recommend  using  "thin  paste- 
board" even  to  test  today's  space  machines.  But  this  inventor-artist  of  the 

Renaissance  who  delighted  in  "imagining  the  things  that  are  to  be"  would 

doubtless  feel  at  home  with  today's  technology.  Leonardo's  "wing  mech- 
anism," conceived  in  the  16th  century,  was  as  advanced  in  its  day  as  the 

nuclear-powered,  hydrogen-fueled  Mars  vehicle  proposed  by  General 

Dynamics  |  Astronautics.  And  both  concepts,  separated  by  centuries  of  time, 
have  this  in  common:  each  represents  a  most  advanced  state  of  the  art; 

each  is  a  practical  application  of  contemporary  technology. 

We  are  looking  for  men  who  possess  the  same  sort  of  unbridled  imagi- 
nation that  characterized  da  Vinci  and  the  men  of  inventive  vision  who 

followed  him.  The  kind  of  men,  in  fact,  now  at  Astronautics  designing  the 

space  systems  of  the  future  —  an  iminent  future  measured  not  by  centuries 
but  by  days  and  weeks. 

If  you  are  challenged  by  "imagining  the  things  that  are  to  be,"  learn more  about  General  Dynamics  |  Astronautics  and  its  role  in  space. 

Use  the  convenient  inquiry  form  attached,  or  write  to  Mr.  R.  M.  Smith, 

Chief  of  Professional  Placement  and  Personnel,  Department  130-90, 
General  Dynamics  |  Astronautics,  5765  Kearny  Villa  Road,  San  Diego  12, 
California. 

GENERAL.  DYNAMIC! 



ENGINEERS 
AND  SCIENTISTS 

Are  you  challenged  by  "imagining  the 
Ihings  that  are  to  be?"  For  example, this  General  Dynamics  |  Astronautics 
ooncept  of  a  multi-purpose  spacecraft, 
designated  "Migrator."  Beginning  in 
1968,  it  could  serve  as  a  highly  ver- 

satile, operational  space  station. 
"Migrator"  will  contain  an  on- 

board propulsion  system,  giving  the 
vehicle  the  capability  to  migrate  from 
one  operational  site  to  another,  and 
will  offer  extended  usefulness  by  serv- 

ing as  an  interplanetary  spacecraft. 
At  Astronautics,  "imagining  the 

things  that  are  to  be"  is  a  technical 
and  professional  way  of  life.  So  is  the 
practical  application  of  that  imagina- 

tion to  the  space  hardware  of  the 
future. 

Current  requirements  are  detailed 
below.  If  they  meet  your  ambitions, 
and  you  would  like  to  arrange  a 
personal,  confidential  interview  in  your 
area,  we  invite  your  inquiry.  It  will 
be  promptly  acknowledged. 

DYNAMICS  ENGINEERING 

Positions  exist  in  the  following  two  areas: 
STABILITY  AND  CONTROL  —  To  conduct  theoretical  studies 
on  the  control  dynamics  of  large  space  boosters  and  space  vehicles. 
To  determine  stability  and  transient  response  of  space  boosters  in 
the  presence  of  propellant  sloshing,  elastic  bending  modes,  and 
non-linear  servo  characteristics.  Must  be  familiar  with  analysis 
and  synthesis  techniques  for  establishing  and  evaluating  control 
system  parameters.  Background  in  theoretical  dynamics  is  re- 

quired to  simulate  control  system  environments  and  general 
dynamic  behavior  of  space  boosters. 
STRUCTURAL  DYNAMICS  —  To  determine  response  of  an 
elastic  space  vehicle  to  transient  loadings  such  as  atmospheric 
turbulence,  engine  ignition,  vehicle  staging.  Openings  also  exist 
in  establishing  vibration  environment  based  upon  test  or  empirical 
data  for  evaluation  of  components  and  systems  .  .  .  and  for 
monitoring  tests  of  complete  or  scaled  dynamic  models  of  space 
vehicles,  including  layout  of  test  plan,  instrumentation  require- 

ments, scaling  factors,  etc. 
A  degree  in  engineering,  physics,  or  mathematics,  plus  at  least 
two  years  of  experience  in  the  application  of  analog  and  digital 
computer  techniques  required  for  positions  in  both  areas. 

STRUCTURAL  DESIGN 

Positions  involve  the  design  of  airborne  structures,  including  fair- 
ings, fixtures,  and  basic  missile  body  structures.  A  degree  in  AE  or 

ME  plus  aircraft  or  missile  structural  design  experience  required. 

WEIGHTS  ENGINEERING 

Assignments  involve  working  with  predesign,  design,  and  test 
functions  to  control  system  and  vehicle  weight  and  balance.  A 
degree  in  engineering  or  physics,  plus  two  years  of  experience  in 
the  establishment  of  system  and  component  weight  allowances  and 
control,  required. 

GUIDANCE  ANALYSIS 

Responsible  for  the  development  of  families  of  equations  for 
guidance  of  space  boosters  and  simulation  of  vehicle  and  guidance 
system  performance  by  application  of  digital  computer  tech- 

niques. A  BS  or  MS  in  engineering  or  mathematics  required. 

ADVANCED  ELECTRONIC  SYSTEMS 

Assignments  are  on  such  projects  as  giant  boosters,  nuclear-pr< 
polled  space  vehicles,  earth-to-moon  logistics  bus,  and  spac 
stations.  Experience  should  include  advanced  design  work  i 
such  electronic  areas  as  guidance,  communications,  telemetr 
data  processing  systems,  antenna  systems,  or  electronic  groun 
support  systems.  An  advanced  degree  is  required. 

OPERATIONS  AND  SYSTEMS  ANALYSIS 
Projects  involve  the  study  and  development  of  advanced  ballist 
missiles  and  boosters,  plus  both  military  and  non-military  orbit; 
and  space  systems.  Responsibilities  include  advanced  systen 
planning,  conceptual  design,  and  systems  evaluation.  Advance 
degree  preferred;  three  years  of  appropriate  experience  requirei 

THERMODYNAMICS  ENGINEERING 
Responsibilities  include  development  of  design  criteria  and  pe 
formance  of  methods  development  in  the  area  of  thermodynamic 
Particular  emphasis  is  on  re-entry  heating,  heat  dissipation  in  frt 
space,  and  aerothermal  heat  sources.  A  degree  in  ME  or  AE  an 
two  years  of  experience  required. 

FLIGHT  MECHANICS 

Positions  are  in  a  newly  organized  Flight  Mechanics  Developmei 
Section.  Programs  include  aerospace  vehicle  guidance  and  aut( 
matic  control,  aeroelasticity,  and  aerophysics.  Responsibilities  ( 
the  Section  also  involve  technical  analyses  and  simulation  wor 
in  support  of  all  space  vehicle  programs  at  Astronautics.  Ai 
alytically  talented  graduate  engineers  at  all  levels  of  academic  ar 
professional  achievement  are  required. 

To  obtain  full  information  about  these  and  many  other  enginee 
ing  and  scientific  opportunities  at  Astronautics,  or  to  arrange 
confidential  interview  in  your  area,  mail  the  attached  Profession 
Placement  Inquiry.  If  it  has  been  removed,  or  if  you  wish 
furnish  or  request  additional  information,  write  to  Mr.  R.  } 
Smith,  Chief  of  Professional  Placement  and  Personnel,  Mi 
Zone  130-90,  General  Dynamics\ Astronautics,  5765  Kearny  Vi 
Road,  San  Diego  12,  California. 
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SPACE  POWER 

$215  Million  in  NASA  Power  Program 

Space  agency  will  spend  $115  million  on  nuclear  power, 

$100  million  on  non-nuclear  AR&T  through  1970 

NASA  WILL  SPEND  about  $215 
million  through  fiscal  1970  for  space- 
power  advanced  research  and  technol- 

ogy— $115  million  for  nuclear  and  $100 
million  for  non-nuclear  work. 

About  20%  of  the  money  will  be 
spent  in-house — the  rest  on  outside  con- 

tracts. None  of  this  work  will  be  related 
to  particular  vehicle  projects. 

The  Air  Force  during  the  current 
fiscal  year  expects  to  spend  more  than 
$14  million  for  contracted  applied  re- 

search to  develop  concepts,  components 
and  systems  for  flight-vehicle  power. 
This  money  does  not  include  funding  for 
line  items.  Last  year's  budget  for  con- 

tracted flight-vehicle  R&D  ran  about 
$12  million. 

Current  NASA  AR&T  fiscal  year 
funding  is  about  $10  million;  this  figure 
is  expected  to  increase  over  the  next  two 
or  three  years.  Work  on  space  power  for 
particular  projects  such  as  Gemini  and 
Apollo  will  in  total  consume  consider- 

ably more  money  than  for  AR&T. 
Performing  and  monitoring  all  the 

Air  Force's  applied  research  on  flight- 
vehicle  power  is  the  Flight  Vehicle  Pow- 

er Branch,  Aeronautical  System  Div. 
(ASD),  Wright-Patterson  AFB.  The 
systems  getting  the  most  emphasis  are 
the  300-kw  space-nuclear  system  SPUR, 
and  the  15-kw  solar-mechanical-engine 
ASTEC. 

SPUR  is  currently  running  at  about 
a  $l-million  annual  effort,  and  ASTEC 
at  $500,000.  An  Air  Force  source  says 
that  both  efforts  are  due  for  increases. 

•  Looking  ahead  —  NASA's  pro- 
grams in  non-nuclear  power  are  under 

the  general  direction  of  Walter  C.  Scott, 
chief  of  space  power  technology  pro- 

grams in  the  Office  of  Advanced  Re- 
search and  Technology.  Technical  direc- 

tion of  contracts  in  this  area  is  the 
responsibility  of  personnel  in  several  of 
NASA's  field  centers. 

Nuclear-electric  development  work 
is  under  the  direction  of  Dr.  Fred  Schul- 
man  at  NASA  headquarters. 

Scott's  observations  about  future 
space-power  systems: 

—The  solar-power  systems  will  re- 
main predominant:  they're  clean,  do  not 

require  packaged  energy,  and  have  no 
radiation  hazard.  They  can  provide  long 
life. 

—Solar  cells  will  remain  very  im- 
portant. Technological  goals:  improved 

radiation  resistance,  lower  weight,  lower 
cost,  better  mechanical  properties,  higher 
efficiency  and  improved  temperature 
characteristics.  Thin-film  devices  appear 
attractive  in  several  of  these  categories. 

—The  future  of  dynamic  power- 
conversion  systems  is  hard  to  predict. 
There  is  a  great  deal  of  technology  in 
this  field  which  should  be  exploited  in 
space,  if  possible.  The  peculiarities  of 
the  space  environment,  however,  cause 
many  problems  which  have  not  been 
adequately  solved. 

—Solar  thermionics  may  be  quite 
important.  Some  problems:  develop- 

ment of  very  accurate,  lightweight  solar 
concentrators  and  efficient  long-life  di- 

odes. Present  technology  in  mirrors  for 
high-temperature  converters  allow  seri- 

ous development  of  such  systems  for 
power  levels  of  a  few  hundred  watts  or 
less  such  as  NASA's  SET  (Solar  Energy 
Thermionic)  program.  With  the  devel- 

opment of  large  launch  vehicles,  accu- 
rate one-piece  mirrors  20  or  30  ft.  in 

diameter  may  be  attractive  for  larger 
systems. 

—Use  of  radioisotopes  probably  will 
be  limited  to  relatively  low-power  sys- 

tems where  long  life  is  required  or 
where  very  difficult  environmental  con- 

ditions such  as  extremes  of  temperature 
or  radiation  environment  prevail. 

—Nuclear  reactor  systems  will  come 
into  their  own  wherever  high  power  is 
needed,  particularly  for  uses  such  as 
electrical  propulsion. 

•  Power  requirements — Most  space 
probes  during  the  present  decade  will 
need  not  more  than  5  or  10  kilowatts, 
according  to  Scott.  A  few  vehicles  such 
as  large  manned  orbiting  laboratories 
may  go  above  5-kw  to  15-30  kw,  he 
said.  Commercial  communications  sat- 

ellites— when  they  are  in  operation — 
nissiles  and  rockets,  September  17,  1962 

may  also  need  higher  power.  He  ob- 
served that  these  few  vehicles  are  the 

only  ones  that  may  need  high-kw  power 
for  purposes  other  than  propulsion  until 

the  70's. For  the  manned  vehicles,  Scott  sees 
the  following  contenders:  fuel  cells, 
chemical  engines  such  as  hydrogen-oxy- 

gen reciprocating  engines,  or  expansion 
engines  using  waste  heat,  and  solar. 

"The  chemical  engines  look  pretty 
good  for  short  duration  flights — about 
20-40  hours,"  he  said,  "Fuel  cells  look 
more  attractive  for  lifetimes  up  to  sev- 

eral weeks.  Reason  is  that  the  weight 
advantage  for  the  low  equipment  weight 
of  the  engine  is  quickly  overcome  by  the 
lower  fuel-weight  penalty  for  fuel  cells, 
due  to  their  higher  efficiency." Nuclear  reactor  and  solar  systems 
are  seen  dominating  the  high-kw  field. 

Scott  nevertheless  believes  that 
chemical  power-conversion  systems  for 
manned  flight  may  become  the  chief 
ones  used  at  least  into  the  early  70's. 

•  Batteries  improved — Scott  is  call- 
ing for  improved  energy-storage  devices 

— an  echo  of  an  ASD  plea  made  to 
Missiles  and  Rockets  earlier  this  year 
(M/R,  March  26,  p.  74). 

For  low-orbit  satellites,  NASA  would 
like  to  get  batteries  with  higher  specific 
weights  than  the  present  useful  1-7  watt hours/  lb. 

For  a  relatively  long  life,  Scott  sees 
the  nickel-cadmium  battery  as  the  best 
choice  at  present. 

While  less  is  known  about  it,  the 
silver-cadium  battery  shows  real  prom- 

ise for  a  mission  of  three  to  six  months. 
The  useful  capacity  per  pound  of  the 
batten'  is  higher  than  for  nickel-cadmium 
but  the  ultimate  life  is  not  expected  to 
be  as  great. 

Although  NASA  has  used  some 
silver-cadmium  batteries  in  space — Ex- 

plorer XIII — additional  development  is 
needed  before  wide  use  can  be  expected. 

A  quantum  step  forward  possibly 
could  be  taken  by  using  battery  systems 
of  molten  salts.  ASD  scientist  James  E. 
Cooper  observed  to  M/R  recently  that 
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Possible  Space  Power  Systems 
For  Large  Manned  Space  Stations 

CONVERSION 
SOURCE 

SOLAR 
NUCLEAR CHEMICAL REACTOR RADIOISOTOPE 

SOLAR  CELL 

THFRAAOCOI IPI  F 

THERMIONIC 

FLUID/MECHNICAL 

FUEL  CELL 

(Color  denotes  combinations  NASA  considers  most  probable.) 

Current  Solar-Power  Development  Programs 

AGENCY TITLE TYPE POWER 
KW STATUS 

SOLAR  CELL 

<  .5 

STATE  OF 
ART 

NASA SUNFLOWER FLUID/MECHANICAL 3 
TECHNOLOGY 

ONLY 

NASA 

SET  1 

THERMIONIC 1.15 
1964  (?) 

USAF FLUID/MECHANICAL 15 
TECHNOLOGY 

ONLY 

USAF 
STEPS  2 

THERMIONIC 
15 TECHNOLOGY 

ONLY 

USAF THERMOCOUPLE 1.5 
TECHNOLOGY 

ONLY 

1 —  Solar  energy  thermionic 
2 —  Solar  thermionic  electrical  power  system 

Current  Nuclear-Power  Development  Programs 

AGENCY TITLE TYPE POWER 
FIRST 
FLIGHT 

USAF/AEC SNAP-2 
REACTOR 

FLUID/MECHANICAL 
3  KW 1965 

NASA/AEC SNAP-8 
REACTOR 

FLUID/MECHANICAL 
30-60  KW 1966 

USAF/AEC SNAP-10A 
REACTOR 

FLUID/MECHANICAL 
500  W 1963 

USAF/AEC SPUR/SNAP-50 
REACTOR 

FLUID/MECHANICAL 
300  KW 
-1  MW 1969  (?) 

USAF/AEC SNAP-ODD 
NUMBERS 

RADIOISOTOPE 
THERMOCOUPLE <  125  W 

VARIABLE 

such  batteries  offer  a  potential  greater 
than  500-watt-hours/lb. 

•  Space  station  power  —  Multi- 
manned  space  stations  will  use  most  of 
their  auxiliary  power  for  environmental 
control  systems.  Their  power  require- 

ments dwarf  all  others  except  propul- 
sion. 

Although  such  stations  will  probably 
not  be  operational  this  decade,  the  sys- 

tems design  for  them  will  be  underway 
before  1970.  For  this  reason,  the  Air 
Force  and  NASA  have  been  studying 
the  power  needs.  In  this  connection, 
North  American  Aviation,  Inc.,  made  a 

power  analysis  of  a  38-man  station  150- ft.  in  diameter.  Total  power  needed  on 
board,  1 1  kw;  peak  power  needed,  20 
kw. 

Power  breakdown:  environmental 

control  and  lighting,  7.2  kw;  stabiliza- 
tion and  control,  0.4  kw;  food  prepara- 
tion, 0.2  kw;  communications,  0.8  kw; 

experiments,  2.4  kw.  For  a  regenerative 
supply  for  oxygen  when  electrolysis  is 
used,  12  kw  more  are  needed. 

The  space-station  power  system  pro- 
posed by  NAA  consists  of  seven  solar- 

cell  panels  having  a  total  area  of  2325 
sq.  ft.  Average  power  output,  11  kw; 
weight,  excluding  power  storage  and 
control,  a  little  over  2500  lb.  Power 
would  be  stored  in  nickel-cadmium  bat- 

teries, 25  kw-hr  capacity;  total  weight, 
about  2600  lb.  Power  control  would 
weigh  a  little  more  than  315  lbs. 

Thus  the  total  system  weight  would 
be  close  to  500  lb./kw,  considered  a 

good  tight  design  in  today's  technology. With  respect  to  the  NAA  study, 
NASA  scientists  John  R.  Dawson  and 
Atwood  R.  Heath,  Jr.  made  the  follow- 

ing points: —If  a  space-station  power  system 
with  advantages  going  beyond  those  ob- 

tainable from  solar  cells  and  batteries 
is  desired,  a  choice  must  be  made  be- 

tween solar  and  nuclear  energy  sources. 
—If  an  advanced  solar  system  is 

selected,  tailoring  the  actual  power  sys- 
tem probably  will  have  to  be  part  of  the 

space-station  development.  The  feasi- 
bility of  advanced  solar-power  systems 

is  part  of  NASA's  continuing  program, 
for  example,  SET  and  SUNFLOWER. 

—The  nuclear-power  program  is 
providing  systems  having  capacities  of 
interest  for  space  stations;  these  systems 
should  be  available  in  the  late  1960's. Thus  one  thing  is  clear  about  space 
power  plants  for  a  large  manned  space 
station:  they  will  not  be  off-the-shelf items  but  will  have  to  be  tailored  to  the 
vehicle — at  least  for  the  foreseeable 
future. 

For  smaller  orbiters,  particularly  un- 
manned ones,  pre-packaged  space-power 

most  likely  will  be  the  rule,  particularly 
as  time  goes  on.  Flexibility  will  be  in 
terms  of  stacking  modules  to  gain  in- 

creased power.  8 
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(ACTUAL  SIZES  SHOWN  ABOVE) 

•  SBB  offers  seven  types  of 
construction  ...  in  all  1 6  sizes 

from  %"  to  3%6"  bore. 

•  Three  grades  of  high 
precision,  corresponding 
generally  to  ABEC  3,  ABEC  5, 
and  ABEC  7. 

•  Special  designs  —  DF  or  DB 
preloaded  pairs  with  or  without 
spacers  —  size  coding. 

•  Standard  availability  in 
440C  stainless  or  52100  steel . . 
special  materials  to  order. 

  _  patented  SBB  construction  (without  loading  slots  or 
counterbore)  utilizes  maximum  ball  complement  with  one-piece 
reinforced  phenolic  retainer,  for  maximum  load  capacity.  Up  to  62% 
greater  load  and  400%  greater  life  potential  than  offered  by  conven- 

tional Conrad  design.  Also  features  low  torque  and  high  limiting 
speed  values.  Available  with  bronze  retainer  as  type  TCB,  or  stainless 
retainer,  type  TCS. 

TCF.  TCA  patented  SBB  construction  permits  utiliz- 
ing full  ball  complement  without  resorting  to  loading  slots  or  counter- 

bore;  for  heavy  loads  and  relatively  low  speeds.  Type  TCA  is  same  as 
Type  TCF,  except  alternate  balls  are  undersize  to  function  as  ball 
spacers;  for  moderate  loads  and  speeds. 

TWF,  TWA  patented  SBB  construction,  internally 
similar  to  Types  TCF  and  TCA,  except  rings  employ  unique  integral 
shield  design,  which  with  close  clearance  annulus  and  grease  lubri- 

cation functions  virtually  as  seal.  Type  TWF  with  full  ball  comple- 
ment, and  Type  TWA  with  alternate  balls  slightly  undersize. 

TXVR  Angular  contact  design  with  one-piece  reinforced  pheno- 
lic retainer,  for  combination  radial  and  high  thrust  loads.  Also  avail- 

able as  Type  TAS  with  one-piece  stamped  stainless  steel  retainer. 

TI^R  Conventional  Conrad  design  with  one-piece  snap-type 
reinforced  phenolic  retainer  —  capacity  less  than  type  TCR  patented 
SBB  construction,  but  adequate  for  many  instrument  applications 
at  lower  cost.  Also  available  with  Teflon  slug  ball  spacers  as  type 
TKL,  or  with  spring  separators  as  type  TKP. 

WRITE  FOR  COMPLETE  INFORMATION 

SPLIT  BALLBEARING 
DIVISION  OF  M.P.B.  INC. 
LEBANON    8,    NEW  HAMPSHIRE 
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CHECKOUT  SYSTEMS 

Demand  for  Repair  Capability  Growing 

REQUIREMENTS  for  onboard  test 
and  maintenance  are  seen  by  many  in 
industry  as  the  cause  for  the  most  sig- 

nificant change  expected  in  the  field  of 
electronic  checkout  systems  in  the  next 
decade. 

The  introduction  of  man  into  the 
spacecraft  systems  loop  creates  a  grow- 

ing demand  for  a  repair  capability.  In- 
creased boost  capability  and  the  corre- 

sponding increased  flexibility  in  mission 
diversity  will  determine  the  types  and 
extent  of  onboard  checkout  systems. 

The  field  is  moving  in  two  direc- 
tions: universal  automatic/semi-auto- 

matic  hybrids  (for  equipment  or  vehicle 
families)  and  specialized  checkout  sys- 

tems (as  for  Apollo).  Also,  systems  may 
now  be  categorized  as  to  ground-based 
or  on-board. 

Two  new  design  trends  are  beginning 
to  take  shape:  one  incorporates  the 
checkout  or  test  feature  into  the  opera- 

tional equipment  itself;  the  other  in- 
volves a  checkout  system  capable  of 

being  used  for  training  operators  when 
it  is  not  performing  its  test  function 
(the  latter,  built  by  Martin  Co.,  is  being 
evaluated  by  the  military). 

A  dominant  peculiarity  of  the  lead- 
ing manufacturers  is  the  relatively  few 

who  concentrate  in  checkout.  These  in- 
clude such  companies  as  RCA,  Nor- 
throp, Bendix,  G.E.,  and  Martin. 

Most  large  primes  tend  to  try  to 
handle  their  checkout  programs  in- 
house — whether  there  is  competence  or 
not.  Another  twist  is  for  some  primes 
to  hold  large  competitions  for  checkout 
subcontracts,  obtain  proposals  from  the 
experienced  firms,  then  make  the  awards 
to  unknown  small  business  under  their 
dominance. 

•  How  far  to  automate? — The  big- 
gest question  mark  in  this  field,  includ- 
ing ground  checkout,  is  the  degree  of 

automation  that  will  be  required  or 
even  desired.  The  trend  over  the  past 
10  years  has  been  toward  more  fully 
automatic  testing  of  complex  missile  and 
space  systems.  But  there  has  been  a 
change  in  the  past  two  years.  Test  in- 

strument and  checkout  manufacturers 
have  taken  a  closer  look  at  requirements. 
The  result  has  been  an  emphasis  on  mak- 

ing more  effective  use  of  the  operator. 
Robert  Featherstone,  acting  general 

manager  of  General  Electric's  Defense 
Systems  Department,  told  M/R  he  be- 

lieves that  operator  judgment  offers  an 
extremely  important  contribution  to 
checkout  performance.  The  problem 
now  faced  by  industy,  he  stressed,  is 
how  to  get  an  optimum  balance  be- 

tween manual  and  automatic  operation. 
This  is  particularly  true  of  ground-based 
systems,  said  Featherstone;  however,  he 
feels  it  may  be  that  less  equipment  will 
be  required  than  might  be  expected  in 
manned  spacecraft. 

Others  feel  that  the  demand  for  reli- 
ability, the  steadily  increasing  complex- 

ity of  electronic  systems,  and  the  lack 
of  highly  skilled  technicians  will  force 
automation  in  ground  systems.  They 
predict  also  that  manned  craft  will  re- 

quire increased  checkout  speed  to  en- 
hance mission  safety. 

Completely  automated  checkout  for 
man-rated  systems  has  not  yet  been 
accepted.  Only  through  experience  and 
a  continuing  increase  in  system  relia- 

bility can  necessary  confidence  be  ac- 
quired to  eliminate  the  man-monitor  in 

test  sequences. 
In  ground-based  systems,  a  major 

problem  faced  today  results  from  the 
small  numbers  and  the  uniqueness  of 
space  vehicles  and  their  boosters.  Re- 

search vehicles  offer  greater  diversity 
than  do  military  systems,  but  both  cate- 

gories represent  limited  production. 
R.  E.  Oster,  manager  of  electronic 

support  systems  at  Chance-Vought- 
Astronautics,  echoed  the  feelings  of 
many  industry  and  government  leaders 
when  he  stressed  to  M/R  the  urgent 
need  for  standardized  checkout  subsys- 

tems. Any  standardization,  he  said, 
would  significantly  contribute  to  lower 
costs  and  reduce  scheduled  difficulties. 

Not  only  could  basic  test  elements 
be  made  standard,  said  Oster,  but  data 
could  be  established  and  published  cov- 
erning  standardized  launch-site  wiring, 
automatic  programer  and  test-computer 
configurations,  test  point  outputs,  data 
storage,  tolerances,  etc.  To  accomplish 
this,  however,  would  require  an  overall 
research  program,  he  said. 

•  On-board  checkout  —  For  long 
missions,  space  experts  generally  feel 
the  only  way  to  maximize  the  odds  for 
survivability  of  manned  spacecraft  is 

MINNEA  POLIS-HONEY  WELL  computer 
permits  astronauts  to  make  in-flight  repairs. 

through  in-flight  maintenance. 
Redundancy,  back-up  systems,  and 

manned  controls  all  help,  but  the  ability 
to  discover  and  isolate  malfunctioning 
circuits  and  perform  repair  could  pre- 

vent disaster.  Such  a  capability  also 
offers  a  significant  morale  factor  to  the 
crew. 

This  requirement,  many  feel,  points 
to  a  need  for  research  into  another  ques- 

tion: How  much  test  and  maintenance 
will  really  be  required  to  give  specific 
mission  survivability  and  how  much  can 
be  provided? 

Others  urge  that  flight  equipment  be 
designed  for  greater  maintainability. 
For  example,  detailed  research  could  be 
initiated  into  the  standardization  of  cir- 

cuit modules. 

•  Maintenance  vehicles  —  Within 
the  next  8-10  years,  some  test  and  main- 

tenance probably  will  be  performed  on 
and  from  unmanned  orbital  spacecraft 
(Slomar,  SMART).  This  will  be  achieved 
by  periodic  visits  of  space  crews  from 
maneuverable  maintenance  vehicles.  " 
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Rocketborne  mass  spectrometer  developed  by  GCA  to  make  first 
direct  measurements  of  neutral  helium  concentration  in  the 
Earth's  atmosphere  from  60  mi.  to  620  mi.  altitude. 

Rugged  3'/2-lb.  GCA  instrument — cold-cathode  magnetron  ioniza- 
tion gauge — calibrated  to  measure  pressures  down  to  10  "  torr 

for  use  on  NASA's  Surveyor  soft-landers. 

Tiros  establishes  trend  with  instruments  consuming  80%  of  over-all  vehicle  cost; 

NASA's  rule-of-thumb  sets  instrumentation  at  70%  of  total  direct  cost  of  payload 

SCIENTIFIC  instrumentation  for 
space  probes  will  consume  more  and 
more  of  the  payload-package  cost  in  the 
next  few  years — until  it  becomes  more 
costly  than  the  launching  vehicles. 

The  trend  is  already  clear  with 
smaller  orbiters  like  Tiros,  80%  of 
whose  direct  cost  is  for  on-board  scien- 

tific instrumentation. 
For  larger  payloads,  such  as  the  Or- 

biting Astronomical  Observatory  (OAO) 
— due  to  fly  next  year — instrumentation 
accounts  for  only  40-50%  of  the  pay- 
load's  direct  cost,  chiefly  because  of  a 
complicated  stabilization  problem.  Cost 
of  the  OAO  payload,  however,  will  con- 

siderably exceed  that  of  its  Atlas-Agena 
launching  vehicle. 

NASA's  Goddard  Space  Flight  Cen- 
ter and  Jet  Propulsion  Laboratory  set 

up  the  requirements  for  nearly  all  the 
scientific  instrumentation  that  NASA 
installs  in  space  vehicles.  Total  cost 
of  this  instrumentation  is  not  broken 

down  in  the  space  agency's  budget.  One 
NASA  official  suggests  that  a  rule-of- 

thumb  is  to  estimate  the  figure  as  70% 
of  the  total  direct  cost  of  the  payloads. 

•  Lack  of  standardization  —  The 
official  observed  that  NASA  is  making 
only  a  small  effort  to  standardize  the 
scientific  instruments  it  uses,  therefore 
costs  are  relatively  high.  He  neverthe- 

less predicts  a  drastic  change  in  the 
situation,  reducing  emphasis  on  con- 

tractor design  before  the  decade  ends. 

Development  of  larger  launch  ve- 
hicles and  auxiliary  power  systems  will 

lead  to  space  probes  carrying  refined 
instrument  systems  capable  of  simul- 

taneous measurement  of  many  physical 
phenomena.  For  synoptic  studies,  these 
measurements  will  have  to  be  made  at 
various  locations  over  a  fairly  long 
period — up  to  tens  of  years,  according 
to  one  estimate.  This  is  a  reason — in 
addition  to  cost — why  NASA  and  in- 

dustry will  have  to  standardize  their 
instrument  packages. 

•  Work  to  be  done — The  Geo- 
physics Corp.  of  America  has  become 

a  leading  company  in  the  new  field  of 
space  instrumentation.  Milton  Green- 
berg,  GCA  president,  recently  pointed 
up  some  areas  of  ignorance  about  the 
Earth's  atmosphere  (areas  calling  in 
some  instances  for  long-time  synoptic 
studies  requiring  inexpensive  instrumen- tation systems) : 

—Above  50  miles,  any  atmospheric 
density  profiles  can  be  inaccurate  by 
factors  ranging  from  2  to  1 00,  with  un- 

certainty increasing  with  altitude. 
—For  atomic  oxygen,  any  concen- 

tration profile  can  be  inaccurate  by  fac- 
tors ranging  from  2  to  100.  For  atomic 

nitrogen,  the  factors  are  even  higher. 
—There  are  practically  no  data 

about  positive  ions;  ignorance  is  just 
about  complete  concerning  distribution 
of  negative  ions. 

—  Most  information  about  constitu- 
ents in  the  region  above  130  miles 

comes  from  theoretical  extrapolations 
of  uncertain  lower-atmosphere  data. 

—There  are  still  strong  disagree- 
ments among  scientists  as  to  the  nature 
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xceed  Those  of  Launch  Vehicles 

GCA  optical  photon  counter  able  to  meas- 
ure UV  within  1050-1350  Angstrom  band 

— shown  in  hand  and  in  satellite  simulator. 

Adjustments  are  made  on  Martin  Co. 
GIPSE,  instrument  to  ride  on  Atlas  and 
gather  data  on  zero-gravity  effects  on  algae. 

Simulated  OAO  satellite  balanced  on  an  air 
bearing  at  General  Electric  facility  to  test 
aiming  accuracy  of  orbiting  telescope. 

of  chemical  constituents  responsible  for    ments  requiring  high  vacuum  may  be 
the  origin  of  ionospheric  layers. 

—The  nature  of  the  wind  field  above 
50  miles  is  almost  entirely  unknown. 

For  many  years  to  come,  the  ad- 
ditional quest  to  understand  extra- 

terrestial  phenomena  is  expected  to 
accelerate  the  rapidly  widening  market 
for  scientific  instrumentation. 

•  Vacuum  technology — Pressures 
down  to  10"13  torr  can  be  measured 
today,  according  to  Dr.  Alfred  E.  Bar- 
rington,  manager  of  GCA's  ion  physics 
department.  He  expects  that  for  the  rari- 
fied  gas  environment  in  outer  space  and 
on  such  bodies  as  the  Moon,  the  next 
decade  will  bring  further  development 
of  vacuum-measuring  instrumentation 
to  gauge  even  lower  pressures. 

Concurrently  with  development 
of  very-low-pressure  measuring  instru- 

ments, expanded  studies  of  materials 
will  be  needed.  Non-permeable  ma- 

terials will  be  sought;  outgassing  prop- 
erties of  gauge  components  will  have  to 

be  thoroughly  understood  if  measure- 
ments are  not  to  be  ambiguous. 

"Large-volume  low-pressure  cham- 
bers may  become  a  reality  soon  after 

the  Moon  becomes  accessible  to  man," 
Barrington  said.  "It  is  conceivable  that 
certain  high-energy  acceleration  experi- 

carried  out  directly  on  the  Moon  with- 
out the  large  pumping  stations  presently 

required." •  Mass  spectroscopy — Dr.  Richard 
Herzog,  GCA  scientific  deputy  and  au- 

thority on  mass  spectrometry,  predicts 
great  future  development  of  the  mass 
spectrometer  for  analyzing  composition 
of  the  Earth's  upper  atmosphere  and 
the  atmospheres  of  other  planets. 

Noting  that  the  state-of-the-art  has 
advanced  to  sensitivities  as  low  as  10"15 torr  and  resolutions  to  almost  one  part 

per  billion,  Herzog  says  "There  is  need for  more  efficient  ion  sources,  electron 
multipliers  and  dc  amplifiers  to  improve 
the  signal-to-noise  ratio  of  mass 

spectrometers." As  a  sign  of  the  advancing  times, 
Herzog  pointed  up  instruments  now 
under  development  in  solid-state  mass 
spectroscopy.  These  do  not  rely  on 
spark  sources  now  in  use:  they  obtain  a 
more  stable  supply  of  ions  by  bombard- 

ing the  solid  under  test  with  high-energy 
ions — several  kilovolts.  A  certain  per- 

centage of  the  atoms  sputtered  from 
the  surface  are  ionized  and  analyzed  in 
the  mass  spectrometer. 

"This  type  of  instrumentation  may 
be  used  for  analysis  of  lunar  material 
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where  the  pressure  of  the  ambient  at- 
mosphere is  not  expected  to  interfere 

with  the  measurement,"  Herzog  said. 
•  Ionospheric  physics — Direct  tech- 

niques such  as  the  Langmuir  probe  have 
proved  valuable  in  obtaining  pertinent 
ionospheric  data  above  85  km;  they 
are  still  being  used.  RF  impedance 
probes  have  been  developed  recently 
for  local  measurement  of  charge  density 
and  electron  density  temperature. 

To  obtain  a  more  complete  under- 
standing of  the  ionosphere,  more  refined 

instrumentation  is  needed  for  determin- 
ing electron  temperature,  ion  concentra- 

tion and  composition  of  both  ionized 
and  neutral  species. 

Presently  available  instrumentation 
requires  highly  trained  personnel  for 
analyzing  data.  "It  would  be  desirable 
to  have  more  easily  interpretable  data 

output  in  future  instrumentation,"  says 
Dr.  Leslie  Smith,  head  of  GCA's  iono- 

spheric branch. 
•  Solar  physics — Pressing  practical 

reasons  are  pushing  solar  research: 
the  need  to  predict  solar  flares  for  the 
safety  of  astronauts,  and  the  need  to 
understand  the  causes  of  ionospheric 
disturbances  and  their  effects  on  radio 
communications. 
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.  .  .  challenge 

The  CHRYSLER  Corporation  SPACE  Division 
was  born  of  experience  extending  over  a  decade 
in  the  research,  design,  development,  fabrication, 
assembly,  test,  and  launch  support  of  large  liquid- 
propelled  missile  systems  and  space  boosters. 

Because  of  this  experience,  CHRYSLER 
SPACE  Division  was  established  to  engineer,  pro- 

duce, checkout,  and  static  test  the  first  stage  of 

NASA's  Saturn  C-1  rocket,  and  to  assemble  and 
launch  the  entire  C-1  space  vehicle.  To  these 
tasks  was  added  responsibility  for  product  im- 

provement and  advance  engineering. 
CHRYSLER  SPACE  Division  now  is  seeking 

engineers  and  scientists  with  the  talent,  enthusi- 
asm, and  technical  proficiency  to  fill  key  positions 

in  this  growing  new  Division. 

with  a  future  .  .  . 

Consider  these  added  values  of  a  career  with 
CHRYSLER  Corporation  SPACE  Division: 

•  Association  with  top  technical  minds. 
•  Excellent  career  advancement  potential. 
•  University  facilities  for  advanced  study. 
•  Pleasant  living  in  3  choice  Southern  locations. 

If  you  have  engineering  experience  in  re- 
search, preliminary  design,  test  or  development 

in  the  areas  of  AERONAUTICS,  ELECTRONICS, 
SYSTEMS,  LIQUID  PROPULSION.  RELIABILITY 
or  STRUCTURES,  or  applied  experience  in 
MANUFACTURING,  PLANT  ENGINEERING  or 

QUALITY  CONTROL,  send  your  resume  in  confi- 
dence to  Personnel  Department,  P.O.  Box  26018, 

New  Orleans  26,  La. 

CHRYSLER    CORPORATION    SPACE  DIVISION 
CAPE    CANAVERAL,  FLA. HUNTSVILLE,  ALA. NEW    ORLEANS,  LA. 
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Two  major  task  areas  are  of 
special  interest: 

ADVANCE 
ENGINEERING 

This  branch  analyzes  existing 
or  proposed  space  system  designs 
and  operational  characteristics  to 
establish  system  requirements  and 
feasibility  fordeveloping  design  con- 

cepts. It  includes  these  sections: 
Aeroballistics — concerned  with  dy- 

namics and  trajectory  analyses,  aer- 
odynamic heating,  staging  studies, 

aerodynamics,  and  flight  evaluation. 
Preliminary  Design — establishes 
configuration  feasibility  to  meet 
mission  changes  and  future  mis- 

sions as  dictated  by  program  re- 
quirements. 
Future  Systems  Analysis — studies 
advanced  systems  with  considera- 

tion of  tradeoffs  between  various 
parameters  as  well  as  projected 
availability  of  new  and  higher  per- 

formance hardware. 

PRODUCT 
IMPROVEMENT 

These  programs  provide  for 
assignment  involving  the  major  ele- 

ments of  the  structural,  mechanical, 
and  materials  disciplines,  including 
complete  or  partial  feasibility  stud- 

ies, design,  development,  analysis, 
and  testing. Tasks  also  are  initiated 
in  the  areas  of  electrical  systems, 
instrumentation,  and  automatic 
checkout.  Component  product  im- 

provement tasks  will  be  performed 
to  correct  design  deficiencies  and 
marginal  conditions  detected  in  the 
evaluation  and  test  programs. 

CHRYSLER  corporation 

SPACE  division 

An  Equal  Opportunity  Employer 

missiles  and  rockets,  September  17, 

GCA  staff  scientist  Carl  Accardo 
told  M/R  that  for  these  as  well  as 
purely  scientific  reasons,  the  broad 
spectrum  of  solar  radiation  study 
requires  development  of  narrow-band 
detection  techniques  so  that  particu- 

lar emission  lines  or  bands  may  be 
examined. 

Present  detectors  treat  particular 
wave-length  regions — Lyman  alpha,  soft 
X-rays.  Accardo  observed,  however, 
that  apart  from  sophisticated  dispersive 
techniques  certain  regions  of  the  spec- 

trum are  inaccessible  by  simple  means. 
Filter  techniques,  for  instance,  do  not 
exist  in  the  800-1025  Angstrom  region 
— considered  to  be  of  fundamental  im- 

portance in  the  formation  of  the  E- 
region  ionosphere. 

•  Resonant  scattering  —  Investiga- 
tion of  the  upper  atmosphere  by  reso- 

nance scattering  of  solar  light  will  re- 
quire new  techniques  for  narrow-band 

detection,  according  to  Dr.  Edward 

Manring,  manager  of  GCA's  observa- 
tional physics  department.  Such  tech- 
niques are  expected  to  be  of  great  value 

in  determining  the  presence  of  trace 
elements  such  as  sodium  in  the  upper 
atmosphere.  Moreover,  they  will  aid  in 
the  study  of  upper  atmosphere  winds 
and  diffusion  processes. 

Background  radiation  presently 
limits  the  desirable  signal-to-noise  ratio. 
Manring  expects  that  development  of 
laser-type  detectors  may  greatly  increase 
the  potential  of  the  resonant-scattering 
technique  for  studying  the  upper 
atmosphere.  8 

Satellite  Spectrometer  Developed 

The  problem  of  accurately  forecast- 
ing weather  may  be  eased  by  a  tech- 

nique using  an  infrared  satellite  spec- trometer. 
The  new  concept  is  based  on  deter- 

mining the  temperature  of  the  atmos- 
phere over  a  wide  range  of  altitudes. 

Dr.  L.  D.  Kaplan  of  NASA's  Jet  Pro- 
pulsion Laboratory  has  proposed  doing 

this  by  making  simultaneous  measure- 
ments from  above  the  atmosphere  of 

the  infrared  energy  emitted  in  the  15- 
micron  carbon-dioxide  band  at  several 
wavelengths. 

These  measurements  would  make  it 

1962 

possible  on  a  theoretical  basis — with 
certain  assumptions  about  the  atmos- 

phere's thermal  stratification — to  deduce 
the  temperatures  at  several  different 
pressure  intervals  in  the  atmosphere. 

A  prototype  spectrometer  (above), 
developed  for  this  purpose,  is  now 
undergoing  tests  and  evaluation  at  the 
Meteorological  Satellite  Laboratory  of 
the  U.S.  Weather  Bureau. 

After  these  tests  are  completed,  the 
instrument  is  scheduled  for  checkout  on 
a  high-altitude  balloon  flight,  and  then 
on  a  weather  satellite. 

65 



satellite  PCM  systems 

a  typical  system: 

100  channels  •  8  bits  +  parity  -  1KC  bit  rate 

less  than  200  milliwatts  of  power  consumption. 

power  consumption  proportional  to  bit  rate. 

ask  for  demonstration 

Manufacturing  Company,  Inc. 

V  Southampton,  Pa.  TELEMETRY  COMPONENTS  &  SYSTEMS /  ELMWOOD  7-7600/215-357-1276 

66 Circle  No.  24  en  Subscriber  Service  Care1 



ENVIRONMENTAL  EFFECTS 

Reliable  Radiation  Test  Data  Needed 

Earthbound  experimental  results  difficult  to  extrapolate  for  space 

PERFORMANCE  of  solid-state  and 
other  electronic  systems  functioning  in 
the  space  environment  is  predicated  on 
an  enormous  mass  of  empirical  data — 
and  very  little  fundamental  understand- 

ing of  the  mechanisms  involved. 
With  respect  to  radiation  effects 

alone,  Dr.  Bernard  Manning  of  the  Air 
Force  Cambridge  Research  Center  says 
there  exists  a  need  to  develop  in  detail 
a  basic  knowledge  of  how  radiation 
moves  atoms  about,  the  range  of  move- 

ment of  secondaries,  the  energy  levels 
produced,  the  energy-effect  and  dosage- 
effect  relationships,  the  permanence  or 
additivity  of  the  changes  and  the  inter- 

action between  these  changes  in  a  given 
material. 

In  the  past,  says  Manning,  testing 
programs  have  been  based  primarily  on 
reactor  data  results,  and  because  of  the 
complex  spectrum  of  energies  present, 
these  data  have  been  difficult  to  inter- 

pret in  terms  of  fundamental  events. 
An  additional  complication  has  been 

that  the  neutron  energy  spectra  differ 
in  the  different  reactors  and  in  different 
locations  in  the  same  unit.  All  this 
makes  it  difficult  to  extrapolate  to  prac- 

tical situations. 

•  Particle  behavior  —  Uncharged 
neutrons  will  approach  any  target  but 
produce  no  effect  on  other  particles  ex- 

cept after  a  collision.  Because  of  their 
relative  sizes,  neutrons  will  usually  col- 

lide with  a  nucleus  rather  than  with 
electrons. 

After  a  collision,  the  now-charged 
energetic  particle  collides  with  other 
nuclei,  dislodging  them  as  well  as  many 
electrons.  In  the  same  manner,  protons 
impinging  on  a  target  will  also  collide 
with  nuclei  and  dislodge  electrons. 

Charged  particles  are  more  effective 
in  freeing  electrons  from  their  bonds 
when  moving  slowly  because  of  the 
longer  reaction  time  available,  says 
Manning.  Neutrons  will  frequently  dis- 

place 103  to  104  or  more  atoms,  while 
protons  will  effect  fewer.  Electrons  will 
displace  one  to  10  atoms  and  gamma 
rays  will  displace  one  or  more  atoms 
if  there  is  conversion. 

The  most  noticeable  effects  of  these 
interactions  resulting  from  radiation 
are  the  crystalline  defects  and  the  energy 
released  from  the  increased  number  of 
electrons  free  to  move  until  trapped. 
Atomic  displacement  —  crystalline  de- 

fects —  produces  permanent  effects, 
while  electron  energy  generates  tem- 

porary effects.  There  are  also  nuclear 
transmutations  and  delayed  effects. 

Ionization  events,  resulting  from  the 
released  energy,  have  a  relaxation  pe- 

riod during  which  the  electrons  in  the 
conduction  band  revert  to  a  more  stable 
energy  level.  The  number  of  electrons 
placed  in  the  conduction  band  is  a  func- 

tion of  the  kind  and  dose  of  radiation 
causing  the  ionization. 

The  transient  effects  of  radiation 
produced  in  electronic  devices  may 
cause  other  effects  a  considerable  dis- 

tance from  the  particular  "target"  area, 
since  all  parts  of  an  electronic  circuit 
are  interrelated.  The  immediate  effect 
of  transient  radiation  pulses  is  revealed 
by  the  presence  of  conduction  electrons, 
which  may  provide  leakage  paths  and/ 
or  alternate  conduction  loops.  The  re- 

sult may  be  a  noise  signal  induced  in 
the  circuit  where  a  pulse  would  not 
normally  exist  or  an  alteration  of  a  sig- 

nal normally  present. 
The  transient  effect  itself  does  not 

usually  last  much  longer  than  the  radia- 
tion pulse  and  the  extent  of  the  altera- 
tion is  somehow  related  to  the  pulse  in- 

tensity, says  Manning. 
Permanent  effects,  residual  after 

the  occurrence  of  the  pulse,  depend  on 

VAN  ALLEN  BELT  RADIATION 

ALTITUDE 1400  -  3400  KM 8000  -  12000  KM 

GEOMAGNETIC 
LATITUDE 

±  15° 
±  60° 

PROTON  FLUX 
2  X  I04p/cm2-sec  >  40mev 

ELECTRON  FLUX ~IOIOe/cm2-sec  >  20kev ~IOne/cm2-sec  40kev 

~IOre/cm2- sec  >  600k«v <IOae/cmz-sec  >  200  kev 

<K)6e/cm2-sec  >  2.5mtv 
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the  type  of  material,  and  result  in  such 
phenomena  as  increased  resistivity  (as 
when  n-type  germanium  is  converted  to 
p-type),  increased  brittleness  in  conduc- 

tors, variation  in  the  frequency  of  oscil- 
lation of  quartz  crystals,  induced  volt- 

ages and  chemical  changes. 
Permanent  effects  are  cumulative. 

Manning  says  present  data  indicate 
they  are  largely  independent  of  dose 
rate. 

The  devastating  effects  of  radiation 
are  so  great  that  it  isn't  possible  to  de- 

velop impervious  materials.  Manning 
illustrates  this  point  by  noting  that  elec- 

tronic binding  energies  are  measured  in 
no  more  than  tens  of  electron  volts, 
and  the  energy  required  to  move  an 
atom  by  collision  with  an  electron  in 
hundreds  of  kilovolts,  but  the  energies 
of  ray  particles  are  described  in  millions 
of  volts. 

•  Protection — Shielding  and  design 
are  two  protective  methods  under  study. 
The  cheapest  and  lightest  shield  is  usu- 

ally distance — because  radiation  inten- 
sity decreases  with  the  square  of  the 

distance  between  source  and  target, 
with  the  specific  exception  of  beamed 
particulate  radiation.  Mass  is  also  used 
by  blocking  the  radiation  with  an  in- 

active body. 
Devices  and  circuits  can  be  designed 

to  accommodate  the  effects  of  radiation 
up  to  certain  stated  limits  without 
excessive  deterioration  in  functional 
performance,  says  Manning.  This  is 
achieved  by  using  distance  —  locating 
the  less  radiation-sensitive  components 
outside  the  circuitry. 

It  can  also  be  accomplished  by  in- 
corporating redundancy  or  parallelism 

into  the  design,  or  by  blocking  out, 
during  pulses,  portions  of  the  system  by 
radiation  sensors. 

Manning  says  a  combination  of 
materials  knowledge,  circuit  design  and 
shielding  design  can  be  parlayed  into 
circuitry  capable  of  handling  not  only 
radiation  fields  generated  by  nuclear 
explosions,  but  also  Van  Allen  Belt, 
proton  flares  and  other  radiation  fields 
which  may  be  encountered. 

Even  with  the  relatively  simple 
types  of  radiation  environments  we 
now  know  exist,  says  Manning,  there 
are  considerable  complications. 

Most  current  data  is  derived  from 
experiments  with  nuclear  power  pack- 

ages. Yet  Manning  says  this  type  of 
radiation  environment  is  no  less  diffi- 

cult to  describe  accurately  than  is  space 
radiation.  Fundamentally,  the  observed 
phenomena  are  not  varied  in  kind  but 
in  degree,  and  the  difficulties  of  inter- 

pretation lie  as  much  in  the  complexi- 
ties of  the  materials  and  devices  as  in 

the  physical  phenomena.  Manning  de- 
scribes briefly  the  phenomena  as  they 

appear  in  certain  of  the  more  commonly 
used  devices: 

•  Resistors  —  Carbon  composition 
resistors  are  extremely  variable  in  man- 

ufacture. Manning  says  it  is  a  problem 
just  to  determine  whether  the  changes 
are  due  to  radiation,  interfacial  contact 
changes,  humidity  or  some  other  cause. 
Resistors  of  this  type  exhibit  a  decrease 
in  resistivity  of  approximately  3-10% 
during  irradiation  under  fast  neutron 

flux  of  the  order  of  lO1"',  an  integrated 
thermal  flux  101S,  or  a  gamma  dose  of 
I0n  ergs/gm  (C). 

The  cause  of  these  changes  may  be 
the  decomposition  and  carbonization 
of  the  epoxy  binder.  The  variation  of 
effect  with  resistance  value  is  related 
to  the  relative  quantity  of  binder. 

Pulsed  radiation,  available  from 
reactors  such  as  Triga  or  Godiva,  pro- 

duces an  instantaneous  decrease  in  re- 
sistivity as  high  as  86%  for  high  value 

resistors.  This  decrease  may  be  due  to 
the  setting  up  of  surface  leakage  paths 
rather  than  to  variations  of  binder  or 
bulk  materials. 

Deposited  carbon  film  resistors  are 
even  more  complex  in  manufacture  and 
composition.  Usually  the  thickness  of 
the  film  is  within  the  range  of  the  recoil 
of  a  displaced  carbon  atom — the  higher 
the  value,  the  thinner  the  film. 

Manning  says  it  may  be  that  the 
atomic  displacements  actually  tear  out 
chunks  to  decrease  the  effective  film 
thickness  and  thus  increase  resistivity, 
or  that  displacements  actually  increase 
the  difficulty  of  movement  of  electrons 
in  the  film.  But  he  says  this  is  more  of 
an  excuse  for  observed  data,  not  an 
explanation. 

Negative  resistance  changes  are 
noted  in  resistors  coated  with  metha- 
crylate.  This  is  excused  by  postulating 
the  existence  of  ionization,  and  thus 
alternate  leakage  paths. 

Metal  film  resistors  show  an  in- 
crease in  resistivity,  as  expected,  because 

atomic  displacements  would  increase 
electron  scatter.  A  decrease  would  be 
expected,  says  Manning,  and  has  been 
observed,  when  coating  materials  other 
than  metal  are  used. 

Wire-wound  resistors  are  least  sen- 
sitive to  radiation  since  they  present  a 

continuous  path  for  the  flow  of  elec- 
trons. An  increase  in  resistivity  results 

from  increased  electron  scatter.  For 
some  reason,  pulsed  radiation  results  in 
a  considerable  increase  in  resistivity, 
which  may  be  related  to  the  induced 
electromagnetic  field  in  the  wire  coil 
and  the  back  EMF  generated.  Manning 
concludes  that  little  is  really  known 
about  fundamental  processes  in  resistor 
materials. 

•  Varistors — Nonlinear  voltage  sen- 
sitive devices  such  as  copper  or  sele- 

nium oxide  rectifiers  are  also  sensitive  to 
radiation.  The  character  of  the  oxide 
film  changes  easily  due  to  collisions 
with  particles  and  the  secondary  prod- 

ucts of  such  collisions.  Dosages  as 
low  as  1013  n/cm2  produce  appreciable 
changes.  The  symmetrical  varistors — 
such  as  compacted  silicon  carbide  pow- 

ders— have  a  considerably  greater  radia- 
tion accommodation. 

•  Capacitors  —  The  myriad  types 
of  capacitors  available  force  Manning 
into  some  generalizations.  The  alumi- num film  is  essentially  undamaged  by 
radiation,  but  dielectrics  and  supports 
are  not  so  immune.  Organic  dielectrics 
change  chemically  by  decomposition, 
carbonization  or  polymerization.  In- 

organic dielectrics  are  much  more 
stable. 

Electrolytic  capacitors  containing 
boron,  which  has  a  high  neutron-cap- 

ture cross-section,  have  low  radiation 
tolerances.  Solid  dielectrics  of  alumi- 

num oxide,  magnesium  oxide  and  boron 
nitride  undergo  little  change  in  a  static 
radiation  flux.  A  decrease  in  leakage 
resistance  accompanies  a  pulse  be- 

cause of  ionization  in  the  dielectric, 
says  Manning. 

•  Transformers  —  These  devices 
can  withstand  neutron  doses  in  the 
order  of  1017/cm2  without  marked 
changes  in  characteristics — provided  no 
mechanical  change  takes  place.  Potting 
compounds,  usually  organic,  undergo 
chemical  changes  and  become  gassy. 
The  organic  insulation  between  wind- 

ings suffers  similarly,  causing  short circuits. 

•  Infrared  Detectors — Semiconduc- 
tor types  such  as  PbS,  PbSe,  InSb  and 

thermistors  have  been  studied  in  both 
pulsed  and  continuous  radiation  fields. 
The  signal  to  noise  ratio  decreases  after 
about  1013  neutrons/cm2,  decreasing 
essentially  to  zero  at  doses  of  1016. Bolometer  thermistor  types  have  the 
best  radiation  accommodation,  says 
Manning,  and  irradiation  results  in  a 
decrease  in  dark  resistance.  Window 
materials  such  as  CaF2  tend  to  become 
less  transparent,  but  this  transmission 
loss  can  be  annealed  out  and  is  minor 
compared  to  the  signal-to-noise  ratio 
change  of  the  detector  itself. 

•  Transistors  —  This  component  is 
the  most  satisfactory  for  purposes  of 

study,  says  Manning,  since  its  struc- ture and  chemical  composition  are 
known  and  irradiation  results  are  rela- 

tively easy  to  measure.  The  Cambridge 
expert  feels  the  narrow-base  transistors 
are  frequently  rediscovered  as  having 
the  best  accommodation  to  radiation 
changes.  From  a  simple  geometric 
viewpoint,  the  narrow  base  presents  the 
least  mass  target. 

Electrically,  the  narrow-base  unit 
permits  radiation-injected  minority  car- 

riers to  pass  through  without  recom- 
bination. Lifetime  changes  are  a  func- 

tion of  the  recombination  cross-section 
of  the  defects.  K 

68 missiles  and  rockets,  September  17,  1962 



CEC  Galvanometers  in  33  different 

types  make  CEC  oscillographs  the  most  ver- 
satile recording  instruments  available  today. 

Each  of  these  precision  galvanometers  is 

specially  designed  and  constructed  to  give  you 

dependable  performance .  .  .  greater  range  of 

frequencies  .  .  .  greater  range  of  sensitivities 

. . .  unique  application  possibilities.  To  under- 
stand the  full  measure  of  these  capabilities, 

send  for  the  valuable  packet  of  technical  infor- 
mation listed  in  the  coupon  at  the  right. 

CEC 
CONSOLIDATED  ELECTRO  DYNAMICS 
DEPT.  Bl 
360  NO.  SIERRA  MADRE  VILLA 
PASADENA,  CALIFORNIA 
GENTLEMEN:  Please  send  me  the  following  materials:  Galvanometer  Selection  Chart; 
How  To  Get  The  Most  Out  of  CEC  Galvanometers;  The  Theory  of  Recording  Galvanometers. 
NAME. 
TITLE. 

COMPANY, 
ADDRESS . 
CITY  _ZONE_ 
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SYSTEMS  PROGRESS 

CHECKING  THE  POLARIS 
MISSILE 

Designed  to  process  data  from  180  chan- 
nels at  one  time,  a  CSC  system  is  now  in 

use  at  the  Sunnyvale,  California,  thermo- 
structural  test  facilities  of  the  Lockheed 
Missiles  &  Space  Division. 
Measurements  of  strain  and  temperature, 
recorded  at  hundreds  of  points  on  a 
Polaris  missile  being  tested,  are  changed 
to  proportional  analog  voltages  by  trans- 

ducers and  processed  by  the  system  for 
digital  recording  on  magnetic  tape  com- 

patible for  direct  entry  into  an  IBM  7090 
computer.  In  addition  to  magnetic-tape 
recording,  output  is  available  in  the  form 
of  IBM  punched  cards  and  X-Y  plots.  Mon- 

itoring is  by  bar  graphs  on  a  17-inch  oscil- 
loscope and  oscillograph  recordings. 

This  Thermostructure  Recording  and 
Monitoring  System  is  one  of  hundreds 
produced  by  CSC  for  data  acquisition, 
reduction,  conversion,  presentation  and 
analysis.  In  addition  to  analog  and  digital 
data  handling  systems,  CSC  designs, 
develops  and  manufactures  systems  for 
industrial  control,  electro-optical,  pneu- 

matic and  hydraulic  applications. 
For  details  of  CSC  accomplishments  in 
your  area  of  interest,  call  your  local  engi- 

neering representative  or  write 

CONSOLIDATED 

CORPORATION 

1500  So.  Shamrock  Ave.  •  Monrovia,  California 
70  Circle  No.  31  on  Subscriber  Service  Card 

Communications 

(Continued  from  page  47) 

According  to  an  ITT  report,  maxi- 
mum peak  output  power  from  a  single 

ground  transmitter  in  the  1970  period 
will  be  about  50  mw.  Between  100  and 
500  rac,  the  report  states,  this  value  of 
power  is  relatively  independent  of  fre- 

quency. Above  500  mc,  available  peak 
power  decreases  with  frequency,  giving 
about  10  mw  at  10  kmc. 

Beyond  the  large  aperture  dish  is 
the  possibility  of  widespread  opera- 

tional use  of  electronically  steerable 
phased  arrays.  These  devices,  though 
expensive,  are  attracting  considerable 
development  money  as  a  means  to  gen- 

erate practically  unlimited  ground 
power.  They  may  also  offer  a  better 
way  to  control  side  lobes. 

Though  phase  shift  and  coupling 
problems  remain,  the  phased  array  could 
be  a  way  around  the  inherent  deformi- 

ties and  handling  difficulties  of  the  large 
single  apertures.  The  ability  to  harden 
some  of  these  designs  is  also  making 
them  attractive  to  the  military. 

•  Planet  network — In  another  an- 
tenna area,  design  work  will  continue 

on  devices  which  can  be  dropped  on 
the  Moon,  Mars,  or  Venus  as  part  of 
a  relay  network. 

The  optimum  frequencies  for  space 
communications  fall  between  1-10  kmc 
in  the  microwave  region.  The  useable 
upper  figure  varies.  Some  estimate  it 
to  be  as  high  as  12-15  kmc.  Beyond 
these  frequencies,  water  vapor  causes 
sharp  increases  in  signal  attenuation 
and  noise. 

There  are  some  windows  higher  up 
in  the  spectrum,  notably  in  the  milli- 

meter and  sub-millimeter  bands  (30- 
3000  kmc).  But  these  are  generally  not 
zero-attenuation  bands  and  though 
some  special  purpose  use  may  be  made 
of  them  (plasma  sheath  communica- 

tions and  special  control  assignments 
from  particular  geographic  locales), 

these  routes  probably  won't  get  wide- 
spread operational  attention,  at  least  in 

the  near  future. 
Component  efficiency  limitations 

will  keep  space-probe  and  scientific- 
satellite  frequencies  in  the  low  end  of 
the  1-10  kmc  band  for  the  next  few 
years,  with  ComSats  occupying  mostly 
the  middle  latitudes.  Movement  to 
higher  frequencies  will  eventually  come 
to  take  advantage  of  the  greater  range, 
bandwidth,  low-noise,  and  antenna 
gain  vs.  size  improvements. 

Traveling  wave  tubes,  by  virtue  of 
improved  power,  efficiency,  and  relia- 

bility, are  assured  of  a  relatively  long 
life  and  are  not  apt  to  be  displaced  by 
solid-state  devices  for  some  time.  Ad- 

ditional R&D  here  will  go  into  im- 
m 

proved  focusing  schemes  and  lowered 
cathode  temperatures. 

Most  of  the  multitude  of  con- 
straints and  trade-offs  that  impinge  on 

designers  of  space  communications 
systems,  making  almost  any  design- 
margin  db  uncertain,  are  found  in  the 
spaceborne  end  of  the  package. 

•  Improvement  called  for — There 
will  have  to  be  long-range  improve- 

ments in  satellite  antenna  directivity 
and  gain,  on-board  receiver  sensitivity, 
source  power  (see  p.  57)  and  output 
power.  Many  of  the  needs  here,  though 
not  directly  considered  part  of  the 
communications  package,  will  have  the 
greatest  effect  on  improved  RF  links. 

In  this  category  falls  the  need  for 
reliable,  long-life,  multi-axis  attitude 
control,  and  development  of  efficient 
power  sources  able  to  supply  the  watt- 

age for  high  bit-rate  data  transmission 
over  interplanetary  distances. 

There  are  no  easily  definable  pa- 
rameters for  space  transmitter  power. 

With  a  high-gain  directional  antenna 
on  the  spacecraft  and  a  sensitive  receiv- 

ing facility  on  the  ground,  a  few  watts 
is  sufficient  to  get  data  back  from  Mars, 
though  at  slow  rates.  A  10-watt  trans- 

mitter is  said  to  be  sufficient  for  multi- 
user ComSat  use. 

There  is  pressing  need  for  accurate 
(to  within  about  ±3  deg)  long-life  at- 

titude control  systems  which  will  allow 
use  of  high-gain  directional  antennas. 
Many  feel  these  devices  can  be  devel- 

oped and  space  tested  in  building-block 
fashion  with  considerably  less  risk  and 
expense  as  appendages  to  various  sched- 

uled payloads  rather  than  as  a  critical 
part  of  a  complex  system.  There  have 
been  no  three-axis  systems  flight  tested 
to  date  (Advent  would  have  used  one). 

Use  of  gravitational  and  magnetic 
field  effects  will  be  further  explored  as 
a  means  to  assist  in  the  stabilization 
problem.  Systems  employing  gas  jets 
will  certainly  be  used.  However,  inher- 

ent supply  limitations  will  force  addi- 
tional R&D  on  electrically  driven  inertia 

wheel  approaches. 
With  stable  platforms,  antenna 

gains  of  16-18  db  will  be  readily  achiev- 
able. Rigid  and  fixed  parabolic  anten- 

nas will  probably  be  size  limited  to  less 
than  6-ft.  dia.  due  mostly  to  drag  and 
field  of  view  problems.  Large  erectable 
or  inflatable  devices,  now  getting  a  lot 
of  attention,  may  be  five  or  six  times 
that  size.  Eventually,  with  the  move  to 
higher  frequencies,  antenna  size  will 
again  be  reduced  with  no  loss  in  gain. 

Many  observers  believe  it  will  be 
more  efficient  and  economical  to  go  to 
directional  antennas,  given  the  accom- 

panying problems  and  equipment  of 
attitude  control  systems,  than  it  is  to 
press  for  greater  on-board  power  with 
omnidirectional  array  devices.  8 
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Information  About  Hose  Made  of  Teflon 

From  The  People  Who  Invented  It 

No.  2  in  a  series 

ORIENTATION  AND  HOSE  OF  TEFLON 

One  of  the  many  important  parameters  that  a 

knowledgeable  manufacturer  of  Teflon*  hose 
tubing  controls  is  the  orientation  of  the  building 

blocks  of  the  resin,  often  called  crystallites.  It  is 

generally  understood  that  the  specific  technique  of 

extrusion  has  influence  over  the  degree  of  orien- 
tation of  the  particles;  not  so  common  is  the 

knowledge  that  the  subsequent  manufacturing 

steps,  sintering,  etc.,  are  far  more  important 

than  extrusion  for  controlling  properties  of 

the  tubing. 

Recently  spiral  extrusion  techniques  have  been 

advocated  as  a  method  of  improving  hose  tubing. 

Counter-rotation  of  male  and  female  dies  during 
extrusion  produces  two  spirally  oriented  layers  of 

particles.  However,  Teflon  tubing  structure  is  deter- 

mined at  the  micro  level,  and  the  post-extrusion 
processing  steps  exert  greater  influence  in 

this  area  than  specific  arrangements  of  bands 

of  particles.  In  other  words,  two-directional 
orientation  (two  massive  bands  of  oriented 

particles),  by  itself,  is  still  far  from  true  "random 

orientation"  of  the  little  building  blocks. 

Maximum  randomizing  during  the  manufac- 

turing operations  provides  the  highest  level  of 
performance  in  terms  of  flex  life,  fatigue  resistance 
and  all  the  other  desirable  mechanical  attributes 

of  good  tubing.  The  freedom  from  spiral  delamina- 
tion,  cleavage  planes  and  circumferential  fracturing 

afforded  by  maximum  randomizing  is  not  easily 

attained.  Although  this  implies  that  manufac- 
turing operations  are  critical,  such  is  not  the  case, 

since  the  control  of  the  manufacturing  process, 

although  strict,  is  relatively  routine  after  knowl- 
edge and  understanding  of  the  product  have 

been  achieved. 

First  recognized  and  denned  by  Resistoflex 

when  they  originated  hose  of  Teflon  nine  years 

ago,  sintering  and  post  treatment  have  emerged 
as  the  dominant  levers  of  control  in  the  manu- 

facture of  quality  aerospace  Teflon  hose.  They 

have  proved  to  be  two  of  the  valuable  tools  which 

keep  our  hose  out  in  front  as  the  standard  of  the 
aerospace  industry. 

*Du  Pont  T.M. 
Resistoflex  markets  its  hose  made  of  Teflon  under  the  trade  name  Fluoroflex  which  is  a  Resistoflex  T.M. 

RESISTOFLEX 

ANAHEIM,  CALIF.  •  ROSELAND,  N.J.  •  DALLAS,  TEX. 

SALES  OFFICES:  Atlanta  •  Chicago  •  Cleveland  •  Dayton  •  Detroit 
Houston  •  Jacksonville  •  Kansas  City  •  Miami  •  Philadelphia  •  San  Diego 
Son  Francisco     •     Seattle     •     Syracuse     •     Washington     •     West  Caldwell 
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products  and  processes 

mm 

Is  your  problem 

RELIABILITY? 

FREBANK  COMPANY'S 
leadership  is  unequaled 

in  the  design,  develop- 
ment and  manufacture 

of  precision 

REGULATORS 
for 

missiles  and  rockets 
The  Model  4890  Pressure  Regulator  (illustrated 
above)  is  a  single-stage,  pilot-operated  device  in- 

tended to  control  pressure  in  a  gas-filled  reservoir. 
Advanced  design  features  include:  (1)  All  valve 
poppets  and  seats  are  metal;  (2)  No  dynamic, 
leak-tight  seals  are  required  other  than  a  metal 
diaphragm;  (3)  No  sliding  seals,  rubber  gaskets 
or  rubber  diaphragms  are  used;  (4)  No  lubrication 
is  required. 
Operational  Data  —  Regulated  pressure  range: 
100  to  300  psig.  Regulated  pressure  tolerance: 
±2  percent  with  inlet  pressure  to  500  psig;  ±4 
percent  over  full  inlet  pressure  range.  Inlet  pres- 

sure range:  325  to  3500  psig.  Flow  rate:  0.025 
pounds  per  second  of  nitrogen  at  100  psig  and 
80°F.  Temperature  range:  —  325°F.  to  +300°F. 
Vibration  range:  0-2000  cps  at  65  g's. 
The  Model  4890  has  the  following  important  ad- 

vantages over  conventional  regulator  designs:  (1) 
Relatively  small  for  a  unit  with  its  capacity  and 
capability;  (2)  No  vibration  damping  devices  used, 
thus  permitting  use  of  very  minimum  number  of 
parts.  This  provides  high  degree  of  reliability; 
(3)  Simple  temperature  compensation  system  mini- mizes set  point  drift . . .  providing  wide  usable 
temperature  range. 
This  basic  design 
applications. 

is  adaptable  to  many 

Let  us  submit 
proposals  on 

your  requirements 

V 

FREBM1K 

>  ̂  
COMPANY 

711  W.  BROADWAY  •  GLENDALE  4,  CALIF. 
PRESSURE  SWITCHES  •  REGULATORS  •  VALVES 

New  Product  of  the  Week: 

Mass  Spectrometer 

A  portable  time-of-flight  mass  spec- 
trometer has  been  developed  by  the 

Cincinnati  Div.,  Bendix  Corp.  The 
Model  17-210  has  application  in  space 
research  such  as  cryogenics,  high  vac- 

uum component  testing  and  the  analysis 
of  residual  gases  in  ultra-high  vacuum 
chambers  of  10""  torr. 

By  use  of  pulsed  ion  optics,  10,000 
spectra  per  sec.  are  presented  covering 
the  mass  range  of  1  to  250.  The  sample 
is  seen  on  an  oscilloscope,  and  less  than 
10  sec.  later,  is  recorded  on  a  strip  chart. 

It  will  record  the  entire  mass  spectrum 
while  simultaneously  recording  up  to 
five  preselected  gaseous  components. 

When  used  for  residual  gas  analysis, 
a  special  open  ion  source  is  the  heart 
of  the  instrument.  This  projects  into 
the  test  vacuum  chamber  to  insure  that 
analyses  are  made  of  the  residual  gases 
being  investigated  rather  than  any  gases 
originating  in  the  mass  spectrometer. 
The  ion  source  region  can  be  baked  out 

at  temperatures  up  to  450 °C  for  sus- 
tained periods.  This  eliminates  back- 
ground contribution. 

Circle  No.  225  on  Subscriber  Service  Card 

Electronic  Voltmeter 

Keithley  Instruments,  Inc.,  is  mar- 
keting a  wideband  voltmeter  for  meas- 

urements in  the  10-cps-100-mc  spectrum. 
Designated  Model  120  Wideband  Volt- 

meter, it  employs  ultra-high-frequency 
transistors  in  its  amplifier  circuits  to 
achieve  a  bandwidth  20  times  greater 
than  that  of  vacuum-tube  voltmeters. 

Model  120  offers  features  hereto- 
fore unavailable  in  a  single  instrument. 

Its  bandpass,  sensitivity  and  amplifier 
output  provide  the  means  to  measure 
nearly  any  ac  signal. 

Circle  No.  226  on  Subscriber  Service  Cord 

Zero  Insertion 
Force  Connector 

Micropak  is  marketing  a  zero  inser- 
tion force  connector  which  features  a 

dial-to-lock   holding   mechanism.  De- 

72 Circle  No.  32  on  Subscriber  Service  Cord 

signed  to  save  time  in  "bread-boarding" and  component  and  module  checkout, 
unit  is  the  first  multi-socket  connector 
of  its  type  to  be  marketed. 

This  connector  accepts  up  to  100 
wires  in  sizes  from  0.010  in.  to  0.032 
in. — ideal  for  use  with  semiconductors 
and  plug-in  modules.  Wires  are  simply 
inserted  into  holes  and  simultaneously 
locked  by  turning  the  knob  a  half  turn. 
Low-contact  resistance  sockets  can  be 
pre-wired  for  immediate  check-out, 
eliminating  soldering,  clip  leads,  and 
handling  minute  wires  with  tweezers. 

Though  Micropak  dial-to-lock  mech- anism holds  wires  securely,  wires  can 
be  pulled  out  in  event  of  a  short-circuit 
without  damaging  the  component  under 
test.  Unwired  connectors  can  also  be 
used  as  assembly  or  soldering  jigs  dur- 

ing manufacturing  processes. 
Circle  No.  227  on  Subscriber  Service  Cord 
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Motor  Generators 

A  series  of  size  eight  400-cycle  servo 
motor  generators  featuring  high  signal- 
to-noise  ratios  and  short  length  has  been 
developed  by  Kearfott  Div.,  General 
Precision,  Inc.  Obtainable  in  a  wide 
selection  of  functional  variations,  these 
motor  generators  are  designed  around  a 
single  high  gain  generator  (CMO  0740 
001)  to  which  one  of  six  different  size 
eight  motors  may  be  integrally  coupled. 
Motors,  which  include  standard,  low- 

inertia  four-pole,  and  low-inertia  six- 
pole  types,  and  the  generator  are  also 
available  as  separate  components.  Ex- 

citation motor  voltage  is  26  volts  on 
the  fixed  phase  of  all  units,  with  control 
phase  voltages  of  either  26  or  33  volts 
in  series,  and  either  13  or  16.5  volts  in 
parallel. 
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Single-Sideband  Crystal 
Filters 

Models  F2211,  F2212,  F2213  and 
F2214 — all  single-sideband  crystal  filters 
designed  specifically  for  telecommunica- 

tion receivers  with  a  carrier  frequency 
of  250.000  kc  —  are  available  from 
Reeves-Hoffman.  Carrier  attenuation  is 
30  db  minimum  for  F2211  and  F2212; 
greater  than  20  db  for  F2213  and 
F2214.  Models  F2211  and  F2213  are 
upper  sideband  types;  F2212  and  F2214 
are  lower  sideband.  Case  configuration 
may  be  adapted  to  meet  designated 
practical  requirements.  Impedance  level 
may  be  specified  over  a  wide  range. 
Sipple  is  1.5  db  maximum  for  F221 1  and 
F2212;  3  db  maximum  for  F2213  and 
F2214. 
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Heat  Sink  Isolators 

Perfection  Mica  Co.  is  marketing  a 
complete  line  of  thin,  dielectric-grade 
mica  film  isolators  for  higher  voltage 
heat  sink  semi-conductor  and  transistor 
applications.  Shorting  hazards  are  min- 

imized because  the  mica  films  have  high 
mechanical  sheer  and  piercing  resist- 

ance. The  insulators  have  a  thermo 
gradient  of  0.05°C/watt  and  are  con- 

tour blanked  for  all  standard  power 
transistor  and  semi-conductor  configura- 
tions. 

Circle  No.  230  on  Subscriber  Service  Card 

SIZE 

 RELIABILITY 

ve  fellow  lias  innate  ultr ability.  His  bite  is  one  with  relia 
nalogous  to  this  is  a  new  breed  of  Dearborn  subminiature  capacitoi 

ng  higher  standards  of  reliability  to  the  electronics  and  allinl  indt listile  reliability! 

Contained  in  a  package  as  small  as  .174"  diameter  Dearborn  CPV  Lu<n 
tage  Capacitors  meet  or  exceed  the  demanding  qualification  and  atwt 
requirements  of  MII-CM157B.  This  includes  brutal  tests  of  voltaic  life 

i  have  sacrificed  critical  s 
gher  VDC  rating  than  the 
rbora  CPV  Capacitors  are 

were  unaware  of  the  availabili 
Delivery  from  stock  to  fourteen 
including  representative  test  d 

I-TB-6I 
test  data 

Available  in  50  and  100  V 

Temperature  range:  —55° 

mm 

ELECTRONIC 

LABORATORIES  INC. 

31       •       Orlando,  Florida       •       Area  Code  305  838-3011 
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Signal  Sampling  Network 
Designed  for  use  with  high-power 

transmitters,  a  broadband  signal  sam- 
pling network  that  measures  spurious 

and  harmonic  signal  with  3±  db 
accuracy  has  been  introduced  by 
Electromagnetic  Technology  Corp.  With 
an  optional  zero-db  coupler,  EMTECH's 
direct-reading  instrument  can  monitor 
such  signals  while  the  fundamental 
frequency  is  coupled  to  antennas. 

Model  SSN  also  measures  the  full 
tube  power  output  calorimetrically  with 
5%  accuracy.  By  use  of  a  high-power, 
water-cooled  attenuator,  the  high  power 
of  the  transmitter  is  attenuated  equally 

for  all  propagating  modes.  EMTECH's 
mode  mixer  employs  a  time-sharing 
mode  alignment  technique  to  assure 
accurate  measurement  of  total  power 
carried  in  the  various  waveguide  modes. 
Harmonic  frequencies  are  coupled  on 
separate  terminals  by  a  band  separation 
filter  (second  and  third  harmonics 
standard,  higher  orders  on  request). 
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Counter-Timer 

A  counter-timer  containing  decade 
counters  of  a  completely  new  type  is 
available  from  Anadex  Instruments,  Inc. 
Called  the  Anadex  Counter-Timer 
Model  DF-200,  it  measures  frequencies 

of  0  to  120  kc  over  one-tenth,  1  and 
10  second  intervals.  Period  averaging 
is  provided  over  1,  10,  and  100  input 

cycles. 
Timing  intervals  of  this  unit  are 

from  10-5  seconds  to  11.6  days. 
Totalizing  is  either  manual  or  remote- 
electronic  gating.  It  features  an  input 
sensitivity  of  10  mv,  permitting  use 
directly  with  low  level  signals. 

Each  decade  is  made  up  of  a  ring  of 
10  toggles,  utilizing  the  Nixie  tube  itself 
as  an  active  element  of  each  toggle.  No 
power  amplifiers  or  high-voltage  driver transistors  are  used. 
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Rotary  Actuator 

A  high-speed  rotary  actuator  with 
remote  selection  of  any  of  12  equally 
spaced  positions — applicable  to  switch- 

ing and  other  stepping  applications  is 
available  from  the  Bendix-Pacific  Divi- 

sion of  Bendix  Corp.  The  unit  in- 
corporates a  permanent  magnetic  dc 

motor  coupled  to  a  12-position  Geneva 
mechanism. 

Weighing  only  8  oz.  and  smaller 
than  a  pack  of  cigarettes,  the  switch 
provides  20  oz./in.  of  torque  at  45  rpm, 
and  125  oz./in.  at  stall,  with  a  rated 
life  in  excess  of  one  million  cycles. 
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Laser  Crystals 
Isomet  Corp.  is  making  available 

standard,  calcium  tungstate-dopes  boules 
capable  of  being  fabricated  into  laser 
rods  up  to  V4-in.  dia.  by  5-in.  long  and 
Vi-in.  dia.  by  4-in.  long.  On  special 
order,  Isomet  can  supply  14  -in. -dia.  laser 
rods  upto  10-in.  long  and  Vi-in.-dia. 
rods  up  to  6  in.  long. 

The  larger  sizes  are  expected  to 
open  new  fields  for  laser  development  as 
they  permit  pumping  at  appreciably 
higher  levels.  They  will  be  available  in 
boule  form  or  as  fabricated  rods  with 
ends  polished  optically  flat,  parallel, 
confocal,  spherical  or  faceted  to  meet 
special  needs. 
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Miniature  Infrared 

Radiometer 

Measurement  Systems,  Inc.  has  a 
miniature  infrared  radiometer  which  can 
be  used  as  a  radiometer,  calorimeter, 
or  remote  temperature  sensor.  Radio- 

metric sensitivity  is  4x10— 12  watts/cm2 
(3.6xl0-i2  BTU/Ft.2-sec).  The  unit 
can  detect  a  1°  C  change  (at  25°  C)  in 
a  distant  object  which  fills  its  1  degree 
angular  field  of  view.  The  response  time 
is  one  millisecond. 
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"Aerodynamicists"...  i 

Signal  Sampler 

A  signal  sampler  available  from 
Astrolab,  Inc.  using  ferromagnetic  ma- 

terial to  give  broader  band  width  and 
lower  VSWR,  has  an  adjustable  50  ohm 

line  coupled  with  coil  type  loop  to  moni- 
tor the  level  of  magnetic  RF  energy  on 

the  main  transmission  line.  A  safety  de- 
vice is  incorporated  to  prevent  damage 

to  loop.  This  adjustable  line  can  be  posi- 
tive locked  in  any  position. 
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Instrumentation  Recorder 

An  advanced  laboratory  recorder 
having  seven  bi-directional  tape  speeds, 
solid-state  electronics,  error-proof  push- 

button operation  and  facility  for  control 
by  digital  programmers  is  available  from 
Precision  Instrument  Co.  Capstan  speed 
is  held  accurate  to  within  0.02%  by 
phase  lock  to  a  crystal-controlled  refer- 

ence frequency.  Tape  tension  is  held 
constant  by  a  sensitive  electronic  servo 
system  which  regulates  the  torque  of 
d-c  reel  motors.  All  seven  tape  speeds — 
including  forward  and  reverse  speeds  of 
1%,  3%,  7Vi,  15,  30,  60,  and  120  ips— 
are  electrically  selectable. 

Circle  No.  237  on  Subscriber  Service  Card 

Rectangular  Trimmers 
A  line  of  rectangular  trimming  po- 

tentiometers is  available  from  Spectrol 
Electronics  Corp.  The  three  basic 
models  (40,  42  and  44)  are  available 
in  several  terminal  types,  including 
Teflon-insulated  stranded  leads,  PC  pins 
and  solder  hooks.  They  are  directly 
interchangeable  with  other  types  adopted 
as  industry  standards. 

All  Spectrol  rectangular  trimmers 
comply  with  the  requirements  of  the 
new  ASESA  specification  MIL-R-272- 
OBA  including  moisture  resistance  and 
immersion.  The  molded  diallyl  phtalate 
housing  provides  a  dimensionally  stable, 
nonhydroscopic  trimmer  body.  Unique 
spring-loaded  slider  block  design  insures 
anti-backlash  operation  for  setting  sta- 

bility, eliminating  rock  in  high-shock 
and  vibration  environments. 

Circle  No.  238  on  Subscriber  Service  Card 

CAN  YOU  VISUALIZE  THE  TITAN  II  ICBM 
SEPARATION  IN  SPACE? 

Martin-Denver  needs  top-flight  AERODYNAM- 
ICISTS who  can  work  out  solutions  to  such 

problems  as  staging  of  combination  liquid/ 
solid  vehicles,  load  determinations  through 
Mach  30,  structural  temperature  evaluation 
during  boost,  and  other  challenging  areas 
of  our  advanced  space  programs. 

SEND  CONFIDENTIAL  RESUME  TO 
F.  A.  McGREGOR,  Mail  No.  A-64 

An  equal  opportunity  employer 

SPECIAL  CATEGORIES  INCLUDE: 
AEROTHERMODYNAMICS- Performance  of  transient aerodynamic  heating  analysis  in  the  supersonic flow  regimes. 

AEROPHYSICS— Application  of  theoretical  and  em- 
pirical methods  of  predicting  aerodynamic  char- acteristics and  local  flow  problems  for  all  flight 

regimes. 
WIND  TUNNEL  TEST-Conducting  or  assisting  in aerodynamic,  thermodynamic  and  dynamic  tests. 
FLIGHT  TEST— Analyzing  aerodynamic  test  data  ob- tained from  full  scale  flight  tests  of  the  TITAN  II. 

Openings  at  all  levels  for  individuals  possessing 
appropriate  degree  and  experience. 
MARTIN  COMPANY 

DENVER  DIVISION 
MARTIN   MARIETTA  CORPORATION 
P.  0.  Box  179M  —  Denver  1,  Colorado 

SPLIT 

SECOND 

SAFETY 

Model  7300 
Cast  aluminum  receptor; 
twin  fountain  heads direct  automatically 
regulated  streams into  the  eyes. 

EMERGENCY  EYE-WASH 

Sensitive  eye  tissue  can  be  destroyed  in  moments. 
Contamination  from  industrial  caustics  and  chemi- 

cals requires  instant  first  aid  .  .  .  and  a  HAWS 
Emergency  Eye-Wash  Fountain  can  mean  the 
difference  between  temporary  irritation  and  perma- 

nent injury!  Write  for  your  free  HAWS  catalog. 

7i  EYE-WASH  FOUNTAINS 
Since  1909 

a  product  of  HAWS  DRINKING  FAUCET  COMPANY    1443  Fourth  St.,  Berkeley  10,  Calif. 
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RFI  PROBLEMS 
CALL  FOR  SERVICE 
BY  SPECIALISTS 

As  a  basic  threat  to  electronic 
equipment  performance  and  reliabil- 

ity, Radio  Frequency  Interference 
commands  major  concern  today.  No 
longer  regarded  as  merely  a  nuisance, 
its  often  costly,  sometimes  tragic  con- 

sequences underscore  the  need  for 
effective  control  methods:  A  missile 
launching  is  ruined  by  premature 
triggering  of  electro-explosives  .  .  . 
a  plane's  safety  is  threatened  when 
interference  critically  disrupts  com- 

munications .  .  .  errors  are  caused, 
impairing  computer  calculations. 

Curbing  the  effects  of  RFI  is  a 
special  field,  in  which  Genistron 
provides  the  superior  advantages  of 
specialization.  Genistron  has  amassed 
a  wealth  of  experience  solving  RF 
management  problems  for  both  the 
military  and  industry.  Founded 
specifically  to  meet  the  need  for  RF 
management  techniques  and  services, 
Genistron  offers  well-integrated 
facilities  with  established,  Job-proven 
capabilities.  Genistron's  shielded  room facilities  at  the  main  Los  Angeles 
location,  and  in  the  Chicago  area,  are 
among  the  largest  available  to  in- 

dustry, and  are  strategically  located 
for  nationwide  service.  Capabilities 
cover  the  full  RF  spectrum.  The  com- 

pany's wide  range  of  service  encom- passes RF  systems  management,  RFI 
measurements,  certification,  and 
correction  to  various  military  RF 
specifications  —  MIL-I-6181D,  MIL-I- 
26600,  MIL-I-16910A,  MIL-I-11748A, 
GM07-59-2617A  —  and  to  FCC  re- 

quirements. In  addition,  Genistron  is 
a  leading  producer  of  RFI  filters  to 
military  specifications. 

Available  for  consultation  at 

your  facility  or  in  Genistron's  Lab- 
oratories, Genistron  field  engineers 

bring  a  specialist's  knowledge  to  bear 
on  your  particular  RFI  problems. 
C  3 

2301  Federal  Avenue  Los  Angeles  64,  California 
111  Gateway  Road,  i  
Bensenville  ,  Illinois  * !!!V"*"  " (Chicago  Area)  LjeniSCO 

Waveguide  Noise  Sources 

A  complete  series  of  matched  wave- 
guide noise  tube  mount  assemblies  for 

use  over  the  frequency  range  of  2.6  to 
40.0  Gc  is  available  from  Waveline, 
Inc.  These  precision  noise  sources  have 
been  designed  to  provide  an  excess  noise 
power  of  15.2  ±0.5  db  above  random 
noise  at  room  temperature  (KTB  at 
290°K). 

The  precision  units  are  supplied  in 
eight  standard  waveguide  sizes.  Argon 
discharge  tubes  are  included  with  each 
tube  mount,  and  a  cable  for  connecting 
to  the  standard  Waveline  power  source 
is  an  integral  part  of  the  noise  tube 
mount  assembly.  Average  VSWR  over 
the  complete  waveguide  frequency  range 
is  approximately  1.07  with  a  maximum 
of  about  1.13.  Insertion  loss  of  the  un- 
lighted  tube  is  negligible  because  of  the 
basic  broadband  design  and  the  low-loss 
glass  material  used  in  the  tube  construc- tion. 

Circle  No.  239  on  Subscriber  Service  Cord 

Tape  Rewinder 
Omnitronics,  Inc.,  subsidiary  of 

Borg-Warner  Corporation,  is  marketing 
a  high-quality  tape  handler  specifically 
for  use  in  rewinding  paper  or  magnetic 
tape  from  one  reel  to  another.  Reels  up 
to  \0Vi  in.  dia.  are  accommodated  on 
the  Model  RS-210  rewinder;  rewind 
speed  averages  60-in./sec.  The  drive 
system  incorporates  protective  interlocks 
and  dancer-arm  controls  which  prevent 
tape  breakage  as  tape  builds  up  on  the 
take-up  reel. 

Circle  No.  240  on  Subscriber  Service  Card 

Test  Fixture 

The  JFD  Electronics  Corp.  has  de- 
veloped a  universal  text  fixture  designed 

for  critical  measurement  of  resistance, 
capacitance,  and  Q  factor  of  a  wide 
variety  of  electronic  components  and 
circuits.  It  permits  quick  measurements 
with  high  accuracy  and  speed,  and  in- 

cludes 1 2  easily  and  quickly  interchange- 
able accessories. 
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Glide  Slope  Antenna 
Sparton  Electronics  Div.  of  Sparton 

Corp.  has  designed,  developed  and 
quantity-produced  an  I.L.S.  glide  slope 
antenna,  AT-983-ARN,  for  the  U.S. 
Air  Force.  Designed  to  MIL-A-6325, 
MIL-E-5400  and  MIL-3-5272,  the  an- 

tenna is  AVi  in.  long,  4-13/16  in.  high 
and  2  in.  wide.  It  weighs  only  8  oz. 

Specifications  are:  Frequency 
range — 329-335mc;  polarization — hori- 

zontal; impedance — 50  ohms;  VSWR — 
less  than  2.5:1;  temperature  range  54°C 
to  125°C;  altitude— 80,000-ft. 
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7^f^azf^  SUPER  IV 
CLEAN  ROOM  UNIFORMS 
"Packaging  People  to 

Protect  Products" Angelica's  engineer- designed  uniforms 
meet  Air  Force  rec- ommendations .  .  . 
prevent  Clean 
Room  contamina- tion and  insure 
product  reliability. 
Static-free,  non- 
linting,  acid  resist- ant. Coveralls, 
smocks,  head  cov- ers, gloves,  boots, 
wiping  cloths. 
Contact  your  near- est Angelica  office 
for  help  in  deter- 

mining your  gar- ment needs ...  or 
write  for  FREE 
CATALOG. 

Uniform  Co. 
1427  Olive  SI,  St  Louis  3.  Mo. 107  W.  48th  St..  New  York  36.  N.  V. 
445  N  La  Salle  St..  Chicago  10.  III. 1900  W  Pico  Blvd..  Los  Angeles  6,  Calif. 
317  Hayden  St,  N.  W,  Atlanta  13.  Ga. 
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•  SCAN  CONVERSION 

-  FLICKERLESS 

DISPLAY  STORE 

>  VIDEO  STORAGE 

RECORDING  STORAGE  TUBE  SYSTEMS 
Single-gun,  dual-gun,  multi-tube 
systems  to  convert  scan  for  radar, 
sonar,  television,  and  to  perform 
analog  processing,  data  analysis, 
contract  or  expand  time  scale, 
auto  correlation. 

•  SLOWED  TELEVISION 
TRANSMISSION 

by  telephone  line  or  other  narrow- band systems. 

•  IMAGE  ENGINEERING 
OPTICAL  CHART  READERS,  FLY- 

ING SPOT  SCANNERS,  LOW-LIGHT- LEVEL  CAMERAS,  and  IMAGE 
RECTIFICATION.  Automatic  inspec- 

tion and  recognition  of  size,  shape, 
color,  and  texture. 

Write  or  call  for 
complete  information: 

INSTRUMENTS.  Inc. 

2300  Washington  Street Newton  62.  Massachusetts 
617     WOodward  9-8440  __ 
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Graphical  Data  Reader 

An  instrument  for  reading  pre-re- 
corded graphical  data  and  assisting  in 

the  control  of  production  operations  is 
being  marketed  by  F.  L.  Moseley  Co. 

The  Model  231  produces  an  analog 
electrical  signal  representing  a  process 

control  or  experimental  operation  and 
the  chart  transport  may  be  operated  at 
six  accurately  calibrated  speeds  of  2,  4, 
8,  16,  24,  and  32-in.  per  min.  The  mod- 

el 231  reader  features  an  alarm  circuit 
and  relay  mechanism  which  is  activated 
when  tracking  errors  are  detected  of  as 
little  as  0.1  in.  on  slopes  to  60  degrees. 

Circle  No.  243  on  Subscriber  Service  Card 

Tape  Delay  System 
A  magnetic  tape  delay  system  that 

accurately  provides  a  continuously  vari- 

able time  lag  of  0.3  to  10.0  sec.  has 
been  developed  by  Mnemotron  Corp., 
a  subsidiary  of  Technical  Measurement Corp. 

The  1 02-DR  magnetic  tape  is  a  solid- 
state  system  for  use  whenever  an  on-line 
signal  delay  is  required,  for  example, 
simulating  delay  time  in  analog  com- 

puter problems,  simulating  transport  lag 
in  industrial  process  control  systems,  or 
duplicating  physiological  reaction  times 
in  the  medical  field. 

The  entire  system  comprises  a  tape 
delay  transport  mechanism  and  two  data 
converters.  The  system  has  a  linearity 
of  0.2%  of  full  scale  and  a  frequency 
response  of  0-400  cps  at  IVx  ips,  and 
0-100  cps  at  lowest  tape  speed  of  1% 
ips.  With  extended  response  Model  1 02- 
DR,  frequency  response  is  doubled. 

Circle  No.  244  on  Subscriber  Service  Card 

Metallized  Capacitors 
A  series  of  ultra-thin  film  lOOv  dc 

metallized  Mylar  capacitors  available 
in  a  wide  range  of  capacitance  values 
and  providing  up  to  50%  space  savings 
over  previous  metallized  Mylar  units  is 
available  from  Hopkins  Engineering 
Co.,  subsidiary  of  Maxon  Electronics Corp. 

Standard  values  in  the  capacitors 
range  from  0.001  MFD  to  30.0  MFD, 
with  a  standard  capacitance  tolerance  of 

±20%.  Closer  tolerances  down  to 
±1%  are  available  in  capacitance 
values  of  0.5MFD  and  up.  The  units 
can  withstand  140%  of  rated  voltage 
for  250  hours  at  125°C  when  surge 
current  is  limited  to  five  milliamperes. 
They  are  operable  at  temperatures  from 
— 55°C  to  +100°C  without  derating 
and  may  be  operated  up  to  125°C  with a  50%  voltage  derating. 

Circle  No.  245  on  Subscriber  Service  Card 

Microminiature  Transformer 

A  microminiature  transformer  adap- 
table for  use  in  lunar  probe  vehicles 

and  a  space  environment  has  been  de- 
veloped by  Hughes  Aircraft  Co. 

Designed  initially  for  lunar  space- 
craft and  for  use  in  a  hard  vacuum 

environment,  the  company's  latest  addi- tion to  its  family  of  microminiature 
transformers  and  reactors  can  be  sub- 

RADIO  FREQUENCY  INTERFERENCE 

.  .  .  Measurement 

.  .  .  Reduction  Through  Design 

.  .  .  Compliance  with  Specifications 

Welex  Electronics  specializes  in  the  application  of  system 
oriented  techniques  to  the  reduction  of  RF  interference. 

A  growing  list  of  "RF  Quiet"  components  is  available  from 
Welex  Electronics  for  use  in  systems  where  compliance  with 
RFI  specifications  has  become  mandatory.  Welex  Electronics 
determines  RFI  specification  compliance  for  space,  air,  land 
or  sea  missions  either  in  the  field  or  in  the  laboratory. 
For  complete  information  .  .  .  WRITE,  WIRE  or  PHONE: 

ELECTRONICS  CORPORATION,  1000  SIXTEENTH  STREET,  N.W. 
WASHINGTON  6,  D.  C.    AREA  CODE  202— Dl  7-3712 

These  products  meet  MIL-I-16910  and  other 
applicable  RFI  specifications. 

Compliance  Testing  SSR-6  TTY  Relay 

Circle  No.  38  on  Subscriber  Service  Card 

30  Amp.  Line Stabilization  Network 
Power  Supplies 
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stituted  for  existing  transformers  with  a 
considerable  reduction  in  weight  and 
volume.  The  unit  is  designed  with  close 
tolerance  terminals  for  printed  circuit 
board  use  and  has  electro-tinned  nickel 
terminals  for  soldering  or  welding. 

Circle  No.  246  on  Subscriber  Service  Card 

Pushbutton  Analog 
Computer 

A  moderately  priced,  console  model 
electronic  analog  computer  with  central 
push-button  control  and  monitoring  is 
available  from  Applied  Cynamics,  Inc. 

Designated  AD-2-64-PBC,  the  com- 
puter offers  the  operating  speed  and 

convenience  of  central  controls  and  the 
flexibility  of  a  removable,  color  coded 
patchboard,  to  provide  computing  capa- 

bility for  university,  industrial,  govern- 
ment, medical  and  military  applications. 

Four  control  modules  are  offered 
with  the  computer:  computer  control 
module;  voltmeter  module;  input-output 
module;  and  address  selector  module. 

Circle  No.  247  on  Subscriber  Service  Cord 

Four-Port  Circulator 

A  small  four-port  circulator  offering 
frequency  ranges  over  the  C,  X,  and  Ku 
bands  is  available  from  Micro-Radionics, 
Inc.  Using  strip  transmission  line,  com- 

plete miniature  microwave  systems  now 

can  be  laid  out  as  a  unified  part,  with- 
out intermediate  connectors.  This  will 

permit  construction  of  a  mechanically 
stable  package  with  increased  reliability 
at  economical  cost.    Typical  of  the 

1 

i    i  LL_  ,3             '»            '. »        '  ,; 
characteristics  of  M-R-I  ultra-miniature 
products  are  the  specifications  for  their 
four-port  circulator.  These  are:  In- 

sertion Loss:  0.5  db  maximum;  Isola- 
tion: 20  db;  VSWR:  1.25  maximum; 

Size:  1V4  in.  high,  %  in.  deep,  1%  in. 
wide.  Weight:  3  oz. 

Circle  No.  248  on  Subscriber  Service  Card 

Shift  Register 

Navigation  Computer  Corp.  is  mar- 
keting the  Model  408  Shift  Register, 

which  has  at  each  of  its  five  stages  set 
and  reset  inputs,  assertion  and  negation 
outputs  and  neon  indicator.  Common 
shift,  reset,  transfer  set,  and  transfer 
reset  busses  are  connected  to  all  stages. 

It  is  possible  to  cascade  Model  408's to  form  a  shift  register  of  any  length. 
The  Model  408  is  one  of  a  complete 

line  of  digital  modules  from  NAVCOR. 
Each  module  performs  a  complete  sys- 

tem function,  such  as  binary-coded- 
decimal  counter  or  reversible-shift  reg- 

ister function.  Special  features  include 
MIL-Spec  components  and  simplified 
loading  rules  which  cover  both  static 
and  dynamic  loading  to  make  full  use 
of  the  circuit  capabilities. 

Circle  No.  249  on  Subscriber  Service  Card 

Traveling  Wave  Amplifier 

A  high-gain,  broadband  CW  travel- 
ing wave  amplifier  is  available  from 

Litton  Industries'  Electron  Tube  Div. 
The  22-oz.,  conduction-cooled  unit, 

designated  L-3769,  provides  a  minimum 
CW  power  output  of  one  watt  with  60 
db  minimum  small-signal  gain  over  the 
frequency  range  of  5400  to  11,000 
mc;  and  two  watts  CW,  with  65  db 
minimum  small-signal  gain  over  the 
frequency  range  of  7000  to  10,000  mc. 

This  all-metal/ceramic  tube  has 
been  designed  for  use  in  high-gain  aug- 
menter  systems  and  is  rated  to  meet 
Class  I  military  specifications.  The 
L-3769  has  full  performance  operation 
during  or  after  30-g  shock  and/or  15-g 
vibration,  as  well  as  at  an  altitude  of 
100,000  ft. 

Circle  No.  250  on  Subscriber  Service  Card 

RELIABILITY  SERVICES 

in  me  palm  if  your  hand 

Utilize  a  single  organization  capable  of  planning  and 
implementing  all  phases  of  reliability. 

United  Testing  Laboratories'  reliability  engineering 
plemented  by  extensive  facilities,  provides  a  total  program  capa- 

bility—planning, organization,  documentation,  performance, 
analysis,  interpretation,  decision  —  United  Testing  Laboratories 
will  perform  tasks  ranging  from  assistance  in  proposals  through 
reliability  determination  and  demonstration. 

Reliability  objectives  are  accomplished  at  significant  savings 
by  proper  planning  and  appropriate  application  of  data  obtained 

in  all  phases  of  development  and  testing.  " 

4PJ  1|  United  Testing  Laboratories  offers  these  serv ices  which  are  oriented  to  the  specific  require 

y.  i  \L/  ments  of  the  Department  of  Defense,  NASA,  and 
Jw        V   other  major  prime  contractors. 

Call  or  write  to  the  address  nearest  you. 
Test  Facilities  •  Sunnyvale,  Calif.  (San  Francisco  Area),  150  Wolfe  Road,  RE  9-5900. 

•  Monterey  Park,  Calif.  (Los  Angeles  Area),  573  Monterey  Pass  Road,  CU  3-5168. 
•  Alexandria,  Va.  (Washington,  D.C  Area),  4416  Wheeler  Ave.,  836-7200. 

UNITED  TESTING  LABORATORIES  a  division  of  United  ElectroDynamics,  Inc. 
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this  Vap-Air 
A.  C.  AMPLIFIER 

can  help  you  solve 

a  project  problem... 

HERE  ARE  THE  SPECS 

•  Ambient  temperature  range  from 
-54°C  to  +71  °C 

•  Altitudes  from  sea  level  to  70,000  feet 

•  Operating  voltage  115  VAC,  400  CPS 

•  Contact  rating  2  amps  at  115  VAC 
or  28  VDC 

•  Control  band  adjustable  to  suit  your 
needs 

•  5000  hour  minimum  design  life 

•  Radio  noise  per  MIL-l-26600 

•  Dimensions  3.10"  x  2.30"  x  2.68", 
weight  1.09  lbs. 
AND  THE 
CHARACTERISTICS 

Combinesa  relay  with  the  high  sensitivity 
of  a  proven  magnetic  amplifier.  Designed 
with  built-in  fail-safe  provisions.  Features 
precise  accuracy  and  maximum  opera- 

tion repeatability.  Available  with  two 
Form  C  contacts. 
COMPLETE  CONTROL  CAPABILITIES 
VAP-AIR  manufactures  entire  control 
systems  and  a  complete  line  of  sensors, 
electronic  controls  and  precise  voltage 
regulators,  electro-pneumatic  and 
electro-mechanical  valves  and  regula- 

tors, electric  power  controllers  and  heat 
exchange  equipment. 
For  assistance  with  your 
control  problems,  write 

^<7AF> -AI 
DIVISION 
VAPOR  CORPORATION 
SO  East  Jackson  Boulevard 
Chicago  4,  Illinois,  Dept.  26-1 

New  York  •  St.  Paul  •  Denver  •  Washington  • 
Philadelphia •  San  Francisco  •  Houston  •  Richmond 
•  Los  Angeles  •  St.  Louis  •  Seattle 
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Shaker  Power 

A  compact  10  kva  sine-o-matic  elec- 
tronic power  amplifier  for  driving 

electro-dynamic  shakers  in  vibration 
testing  systems  is  being  introduced  by 
Ling  Electronics  Division  of  Ling- 

'  Temco-Vought,  Inc. 
With  standard  Ling  features  of  con- 

servative ratings,  reserve  power,  safety 
interlock  system  and  instantaneous  over- 

load protection,  the  RP-10/16  requires 
less  than  12  sq.  ft.  of  floor  space  to 
provide  its  high  power  for  continuous- 
duty  driving  of  compatible  shakers  to 
full-system  performance. 

Power  output  is  10  kva  at  any  load 
factor  from  0.2  leading  or  lagging  to 
unity,  14  to  3,000  cps.  Output  voltages 
decrease  proportionally,  14  to  5  cps  at 
rated  current,  to  frequency — which  is  in 
the  5-10,000  cps  range — with  a  response 
of  ±  db  at  5  to  3,000  cps.  Full  output 
current  is  availabel  from  5  to  3,000  cps. 
Plate  dissipation  is  16  kw  continuously. 

Circle  No.  251  on  Subscriber  Service  Card 

Power  Distribution  Cable 

An  ultra-thin  multi-layer  power 
distribution  cable  featuring  exactly  re- 

producible electrical  characteristics  in 
production  has  been  developed  by  Inter- 

national Resistance  Co.'s  plastic  prod- ucts div. 
The  bonded  thermoplastic  assembly 

of  the  cable  has  prepositioned  taps 
properly  located  for  connection  when 
the  unit  is  dropped  into  place — eliminat- 

ing wiring  errors.  These  Polystrip  cables 
fulfill  power  distribution  requirements 
in  computers,  communications  and  data 
handling  apparatus,  switchboards  and 
other  complex  equipment. 

Circle  No.  252  on  Subscriber  Service  Card 

Zener  Diodes 

A  line  of  one-watt  subminiature 
zener  diodes  is  available  from  TRW 
Electronics/ Pacific  Semiconductors,  Inc. 

The  electrical  equivalent  of  types 
1N3016B  thru  1N3026B,  the  ±5% 
series  covers  the  voltage  range  6.8v 
to  18v.  PSI  designation  for  the  eleven 
types  is  PS  10016  thru  PS  10026. 

The  PS  10016  series  is  the  only  one- 
watt  zener  diode  in  a  subminiature 
package  on  the  market  today.  With 
the  exception  of  0.030-in.  diameter 
leads,  the  zeners  are  physically  identical 
to  the  half-watt  types  and  are  directly 
interchangeable. 

Like  the  widely  used  half -watt  types, 
the  PSI  units  exhibit  good  zener  charac- 

teristics including  sharp  knees  and  free- 
dom from  discontinuitis  and  hysteresis. 

All  units  are  scope-checked  and  the  line 
exceeds  MIL-S-19500  military  require- 
ment. 

Circle  No.  253  on  Subscriber  Service  Card 

In  December,  1960, a  Varian 

10  Mev,  500R/min/m  radio- 
graphic linearacceleratorwas 

placed  in  service  at  the  U.S. 
Naval  Ammunition  Depot, 

Concord,  Calif.,  for  radio- 
graphic inspection  of  Polaris 

missile  motors.  If  your  project 
requires  dependable,  speedy, 
high-definition  radiography, 

contact  Varian  for  more  infor- 
mation on  the  many  Varian 

linacs  now  in  service. 

PALO  ALTO  lO,  CALIFORNIA 
Radiation  Division 

Circle  No.  39  on  Subscriber  Service  Card 
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Little 

David 

HICKS 

Servomatic  Analyzer 
A  servomatic  analyzer  (Model 

1990),  available  from  Servo  Corp.  of 
America,  measures  phase,  gain,  and 
transient  response  data  to  servo  systems 

and  the  GIANTS 

Remember  what  happened 

to  the  last  big  guy  who 

gave  me  trouble? 

Naturally,  Little  David 

isn't  out  to  destroy  his 

gigantic  competitors. 
Gosh,  we  even  LIKE  some 

of  them. 

But  Hicks  plans  to  keep  on 

being  bright  enough  and 

good  enough  to  get  OUR 
SHARE  of  the  missile  and 

rocket  business. 

We're  the  only  really  small 
fabricator  who  competes 

with  the  Big  Boys. 

THERE  MUST  BE  A  REASON  . . . 

CORP. 
^•S^^^SPACf  <<Gf  srtfi  PRODUCTS 

ASHEVILLE,     NORTH  CAROLINA 

low-inertial  400-cps  motors,  gyro  torqu- 
ers,  or  equivalent  equipment. 

An  overall  power  gain  of  100  db  is 
obtainable  in  combination  with  a  driver 
amplifier  producing  2w  at  full  signal 
input.  Input  impedance  is  700  ohms, but  this  value  is  nominal  and  can  be 
varied  to  suit  source  requirements.  Pow- 

er requirements  are  27v  (variable  plus 
or  minus  3v)  dc  at  8.3  amps,  maximum 
line  drain. 

Circle  No.  256  on  Subscriber  Service  Card 

Heat  Dissipator 

at  various  frequencies.  Using  this  unit, 

design  engineers  and  production  tech- nicians can  readily  evaluate  the  behavior 
pattern  of  the  simplest  to  the  most  com- 

plex electronic,  electrohydraulic,  electro- mechanical, and  electropneumatic  servo 
system  for  ultimate  operating  conditions. 

In  addition  to  generating  sine,  square, 
and  modulated  sine  waves,  the  unit  adds 
triangular  wave,  modulated  triangular 
wave  and  modulated  square  wave  con- 

figurations as  well.  Wave  configurations 
are  displayed  on  an  oscilloscope  with 
respect  to  either  electronic  linear  sweep 
or  sinusoidally  modulated  reference  sig- 

nals. The  analyzer  can  be  used  to  evalu- 
ate ac  carrier  and  dc  servo  systems, 

accepting  any  carrier  frequency  from 
50  cps  to  10  kc. 

Circle  No.  254  on  Subscriber  Service  Cord 

Oscillator  System 
Calenco  Industries  has  developed  a 

1200  Series  voltage-controlled  oscillator 
system  designed  for  ground  station  and 
laboratory  telemetry  applications  which 
require  wider  deviation,  higher  center 
frequencies,  and  better  linearity  than  is 
normally  used.  The  VCO's  can  be varied  ±65%  from  center  frequency 
while  maintaining  good  linearity.  Lin- 

earity is  better  than  0.1%  for  ±7Vi 
deviation  and  proportional  for  wider 
deviations.  Standard  units  are  available 
for  IRIG  channels;  other  units  are 
available  for  frequencies  up  to  800  kc. 

The  system  includes  up  to  ten 
VCO's,  a  summing  amplifier  for  a  com- 

posite output  and  a  power  supply 
module.  Each  VCO,  however,  contains 
a  voltage  regulator  to  facilitate  operation 
of  individual  units  from  any  20-to-30- volt  dc  supply. 

Circle  No.  255  on  Subscriber  Service  Card 

Transistorized  Servo 

Amplifier 
A  light-weight  transistorized  servo 

amplifier  which  provides  125w  zero- 
degree  phase  shift  output  is  available 
from  M.  Ten  Bosch,  Inc.  The  unit  is 
suitable  for  the  operation  of  two-phase, 

A  transistor  heat  dissipator  for 
TO- 18  transistors  in  circuit-board  appli- 

cations is  available  from  the  Thermalloy 
Co.  Designated  #2218  series,  these  two 
piece  units — measuring  5/s-in.  diameter 
by  V*  -in.  high — will  fit  all  TO- 18  cases 
regardless  of  case  diameter.  The  dissi- 
pators  are  made  of  aluminum  with  three 
finishes  available:  #2218 — chromate; 
#221 8 A— insulated  for  400  v  break- 

down; #2218B — black  anodized. 
"Positive  contact"  design  provides 

the  optimum  heat  path  from  the  tran- 
sistor to  the  dissipator.  Tightening  the 

threaded  top  firmly  grips  both  sides  of 
the  transistor  weld  flange — point  of 
maximum  transistor  case  temperature. 
Heat  is  conducted  from  the  weld  flange 
area  to  the  fins  where  it  is  removed  by 
natural  convection  of  forced  air  cooling 

Test  reports  indicate  a  transistor  junc- 
tion temperature  reduction  greater  than 

50%  in  still  air  and  up  to  85%  with 
forced  air  cooling. 

Circle  No.  257  on  Subscriber  Service  Cord 

Cold  Junction  Compensator 
Mini-Comp,  a  single  thermocouple 

cold  junction  compensator  for  convert- 
ing any  millivolt  potentiometer  into  an 

automatically  compensated  temperature 
measuring  instrument,  is  available  from 
Technique  Associates. 

When  connected  with  any  potenti- 
ometer— recording,  controlling,  or  indi- 

cating— the    unit   references  thermo- 

82 Circle  No.  44  on  Subscriber  Service  Card 

couple  circuits  to  32°  F,  replacing  ice 
baths  and  constant  temperature  cham- 

bers. It  also  connects  to  the  input  stages 

of  most  dc  amplifiers;  converts  recorder- 
amplifier  combinations  into  thermo- couple-actuated pyrometers.  Accuracy 
is  ±I/2°  F  when  used  in  ambients  from 
60°  F  to  90°  F. 

Circle  No.  258  on  Subscriber  Service  Card 
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UPl 

needs 

ELECTRONIC 
PACKAGING 
ENGINEERS 

To  develop  and  apply  electronic  and 
electromechanical  packaging  tech- 

niques to  assemblies  for  spacecraft. 
Background  in  electronic  or  electro- 

mechanical fabrication  techniques  and 
knowledge  of  electromechanical 
devices.  Familiar  with  preliminary 
vibration  and  heat  transfer  analysis 
and  testing  plus  general  interest  in 
physical  sciences.  BSME  or  EE  plus 
2  years  experience  minimum. 

Send  complete  resume  to 
PERSONNEL  DEPT. 

JET  PROPULSION 
LABORATORY 

Operated  by  California  Institute  of  Technology  for 
the  National  Aeronautics  &  Space  Administration 
4808  OAK  GROVE  DR.  •  PASADENA,  CALIF. 

"An  equal  opportunity  employer" 

OVER  180  COMBINATIONS 

SAVE  TIME  SAVE  MONEY 
Heretofore  a  flexible  shaft  was  de- 

signed as  a  special  unit  requiring 
costly,  time-consuming  engineering. 
CIRCLE  ESS  STANDARD  FLEXIBLE 
SHAFT  ASSEMBLIES  are  versatile 
enough  to  fill  the  demands  of  many 
different  applications  and  yet  offer 
the  advantages  of  economy  in  time 
and  money. 

They  are  composed  of  stock  com- 
ponents, the  finest  steel  cable,  vinyl 

covered  steel  casing  and  cadmium 
plated  coupling  type  steel  end  fittings. 
Send  for  our  new  bulletin.  Learn 
about  this  new  economical  way  of 
buying  flexible  shafts. 

IK  STEWART  COM 

Witt  Coast  Plant:  2404  So.  Grind  A>c, 
Lis  Angeles,  7,  California 
Circle  No.  45  on  Subscriber  Service  Card 

Radiosonde  Converter 

A  data  conversion  system  for  weath- 
er balloon  tracking  that  uses  the  latest 

state-of-the-art  digital  data  techniques 
to  provide  continuous  information  to  a 
battlefield  computer  is  available  from 
DATEX  Corp.  The  Datex  CV-772  Ra- 

diosonde Data  Converter  uses  a  radio- 
sonde, tracking  antenna,  data  converter, 

field  computer,  tape  punches,  and  radio- 
sonde recorder. 

Atmospheric  parameters  consisting 
of  temperature,  humidity  and  pressure 
are  measured  and  recorded.  Information 
for  prediction  of  radioactive  fallout  pat- 

terns is  also  provided  by  the  system. 
Circle  No.  259  on  Subscriber  Service  Card 

Tubular  Capacitor 
A  miniature  tubular  capacitor  with 

weldable  leads  for  cordwood  packaging 
has  been  introduced  by  Gulton  Indus- 

tries, Inc.  Of  a  size  identical  to  Vi-watt 
resistor,  the  Glenco  series  CT10D  ce- 

ramic capacitors  are  0.095  in.  in  diam- 
eter by  0.255  in.  in  length.  Their  dumet 

leads  are  plated  with  50u"  of  gold  for maximum  weldability. 
Capacitance  values  range  from  10  to 

1000  MMF  in  tolerances  of  +5%, 
+  10%,  +20%.  The  capacitors  are 
rated  at  50v  dc  over  a  temperature 
range  from  -55°C  to  150°C.  The  ca- 

pacitor exceeds  the  requirements  of  mili- 
tary specifications  MIL-C-1 1015B. 
Circle  No.  260  on  Subscriber  Service  Card 

Miniaturized  On/Off 
Indicator 

The  Lewis  Engineering  Co.  has 
available  a  miniaturized  on/  off  indicator 
specifically  designed  for  high  reliability 
under  severe  environmental  conditions. 
The  unit  has  a  proved  record  of  reliable 
operation  over  temperateures  from 
— 67°F  and  to  158°F.  Higher  tempera- 

tures (257°F)  may  be  obtained  for 
special  order  variance  of  this  basic-off- 
the-shelf  instrument.  The  standard 
units  are  designed  to  meet  MIL  specs 
for  lighting,  and  for  vibration  resistance. 

Circle  No.  261  on  Subscriber  Service  Card 

RF  Chokes 

Miniature  RF  Chokes  that  meet 
MIL-C-1 53-5 A,  Grade  1,  Class  B  spe- 

cifications are  currently  available  from 
Nytronics,  Inc.  These  epoxy-encap- 
sulated  inductors  come  in  three  specific 
sizes  to  fit  most  design  requirements: 
90  in.  long  0.31-in.  dia.  (inductance 
values  from  1.0  to  lOOOOuH);  70  in. 
long,  25-in.  dia.  (inductance  values 
from  1.0  to  1000  uH);  and  0.44  in. 
long  0.188-in.  dia.  (inductance  values 
from  0.1  to  100  uH).  Nytronics'  RF chokes  have  a  low  dc  resistance. 

Circle  No.  262  on  Subscriber  Service  Card 

In  January,  1962,  a  Varian 
13  Mev,  2500  R/min/m 
radiographic  linacwas  placed 
in  service  at  Thiokol  Chem- 

ical Corp.,  Tremonton,  Utah. 
A  second  similar  unit  went 
into  operation  in  August, 

1962.  If  you're  looking  for 
speedy,  high-definition  radi- 

ography, contact  Varian.  Data 
available  on  many  linacs  now 
in  service. 

VARIAN 
associates 

PALO  ALTO  10,  CALIFORNIA 
Radiation  Division 

Circle  No.  40  on  Subscriber  Service  Card 83 



Digitally  Controlled 
Power  Supplies 

Pioneer  Magnetics  Inc.  is  marketing 
a  complete  line  of  digitally  controlled 
power  supplies.  Available  in  a  single 
package  is  a  complete  static  digital-to- 

racy  is  ±10  sec.  of  arc  at  20°  C  and 
±18  sec.  of  arc  from  —55°  C  to  105°. 
Index  increments  are  every  5°  from  0° 
to  360°.  Adapters  can  be  used  from size  5  to  37. 

Circle  No.  264  on  Subscriber  Service  Card 

plies  and  metering  circuitry  for  setting 
up  bias  conditions  on  semiconductors. 
It  features  automatic  and  re-settable 
overload  protection  with  meter  accuracy of  1%. 

Circle  No.  266  on  Subscriber  Service  Cord 

Miniature  VHF  Transmitter     shielded  Transformers 

analog  converter  and  precision  power 
supply  whose  output  can  be  automati- 

cally set  to  any  desired  level  from  zero 
to  full  voltage  by  means  of  a  digitally 
coded  input  signal. 

The  supplies  are  designed  to  receive 
a  parallel  binary  10-bit  input.  The  input 
logic  levels  are  zero  volts  true,  and  6 
volts  false,  with  other  logic  levels  avail- 

able on  request.  Accuracy  of  the  output 
is  well  within  10  millivolts  of  the  output 
level  demanded  by  the  input  signal. 
These  accuracies  are  maintained  regard- 

less of  load  and  supply  line  variations. 
Circle  No.  263  on  Subscriber  Service  Card 

Resolver  Index  Stand 

Kearfott  Div.,  General  Precision 
Aerospace  has  produced  an  environ- 

mental index  stand  designed  for  rapid 
testing  of  synchros  and  resolvers  in  tem- 

peratures ranging  from  —55°  C  to  125° 
C.  It  incorporates  provision  for  vertical 
mounting  in  high  or  low  temperature 
or  humidity  chambers,  and  can  be  used 
to  test  either  conventional  case  or  gim- 
bal-mounted  components.  Index  accu- 

A  miniature  VHF  transmitter  capa- 
ble of  developing  20  watts  of  power 

with  only  two  transistors  in  the  final 
stage  is  being  marketed  by  Sylvania 
Electric  Products,  Inc. 

The  unit,  about  the  size  of  a  cigar 
box,  is  designed  to  replace  bulky  air- 

borne or  vehicle-mounted  units  and 
marks  a  new  level  of  capability  in  the 
solid-state  field. 

Circle  No.  265  on  Subscriber  Service  Card 

Semiconductor  Test  Set 

The  lightweight  Model  70  portable 
semiconductor  test  set,  using  the  plug-in 
module  concept  that  permits  one  basic 
set  and  any  combination  of  modules  to 
perform  multi-parameter  tests,  is  being 
marketed  by  the  Birtcher  Corp.  This 
plug-in  module  concept  precludes  ob- 

solescence because  new  modules  will  be 
made  available  to  meet  the  latest  param- 

eter and  test  requirements  presented  by 
new  semiconductor  developments. 

The  basic  unit  contains  power  sup- 

FREE 

Aero-Space  OPPORTUNITIES  BULLETIN 
Shows  the  positions  you  could  have  in  Aero-Space  Technology 

Cadillac  Associates,  the  nation's  largest  executive  and  professional 
placement  service,  represents  the  majority  of  the  nation's  top  com- 

panies in  Aero-Space  engineering.  Their  best  jobs,  at  salaries  from 
$6,000  to  $75,000,  appear  in  our  monthly  Aero-Space  Opportunities 
Bulletin. 

Both  the  bulletin  and  our  completely  confidential  placement  service 
are  available  to  you  absolutely  free  of  charge.  Client  companies  pay 
our  fees. 

For  your  free  bulletin  without  any  obligation,  circle  Subscriber  Service 
Card  number  46.  Please  use  home  address  only. 

Lon  D.  Barton,  President 

Cadillac  Associates,  Inc.* 29  E.  Madison  Bldg.   •   Chicago  2,  III.   •    Fl  6-9400 
•  "Where  More  Executives  Find  Their  Positions  Than  Anywhere  Else  in  the  World." In  los  Angeles— LON  BARTON  ASSOCIATES,  3275  Wilshire  Blvd. 

James  Electronics,  Inc.,  has  de- 
veloped manufacturing  techniques  for 

achieving  a  high  degree  of  electrostatic 
and  magnetic  shielding  in  their  A-7100 
series  precision  instrument  transformers. 

Standard  models  are  available  with 
up  to  160  db  of  common  mode  rejec- 

tion. Magnetic  shielding  of  up  to  120 
db  can  be  achieved  with  the  packages 
and  hum-bucking  features.  James  Elec- 

tronics incorporates  0.05%  resistance 
balance  or  better  between  precision windings. 

Circle  No.  267  on  Subscriber  Service  Card 

FM  Discriminator 

Data-Control  Systems,  Inc.  has 
available  Model  GFD-3  subcarrier  dis- 

criminators, as  well  as  associated  tuning 
units  and  low  pass  filters.  The  FM  dis- 

criminator is  of  a  solid-state,  phase- 
locked-loop  type  and  is  designed  for 
accurate  data  acquisition  and  playback 
in  laboratories,  test  sites  and  other  data 
control  facilities.  Input  frequency  range 
is  from  300  cps  to  300  kc  and  deviations 
from  ±4.7%  to  40%,  using  plug-in 
filter  and  tuning  units.  The  appropriate 
filter  unit  snaps  into  the  desired  fre- 

quency tuning  unit,  which  is  inserted 
into  the  front  panel  of  the  discriminator, 
and  locked  in  place  with  a  one-motion 
locking  device. 

Circle  No.  268  on  Subscriber  Service  Card 

Preamplifier  Series 
Low  noise,  wide  bandwidth,  gains  of 

40  db  minimum  and  rugged  construc- 
tion are  features  of  the  preamplifier 

series  available  from  RHG  Electronics 
Laboratory,  Inc. 

Standard  units  are  centered  at  30  and 
60  mc  with  noise  figures  of  2.0  and  3.5 

84 Circle  No.  46  on  Subscriber  Service  Card 

db,  respectively.  Bandwidth  is  10  mc 
at  1  db  down.  Gain  is  40  db  minimum 
with  50  db  typical.  Balanced  and  un- 

balanced inputs  are  available  for  any 
type  of  crystal  mixer. 

Circle  No.  269  on  Subscriber  Service  Card 
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names  in  the  news 

MORRISON  STE 

John  W.  Morrison:  Appointed  general 
manager  of  the  West  Coast  operations  of 
Minneapolis-Honeywell's  Ordnance  Div., Duarte,  Calif. 

Philip  H.  Williams:  Named  research 
manager  of  Astrosonics,  Inc.,  Syosset,  N.Y. 

Donald  J.  Hawthorne:  Elected  chair- 
man of  the  board  of  directors  and  chief 

executive  officer  of  General  Time  Corp., 
New  York  City.  B.  K.  Wicksfrnm  elected 
president  and  Don  G.  Mitchell  elected 
chairman  of  the  executive  committee. 

A.  V.  Pilling:  Elected  vice  president  of 
Hayes  International  Corp.,  Birmingham, 
Ala. 

Dr.  Seymour  Lampert:  Named  man- 
ager of  advanced  systems  research  at 

North  American  Aviation's  Space  and  In- formation Systems  Div.,  Downey,  Calif. 

Dr.  Charles  F.  Gell:  Manager  of  life 
sciences  for  Ling-Temco-Vought's  Vought Astronautics  Div.,  Dallas,  Tex.,  named 
first  president  of  the  new  Aerospace  In- 

dustrial Life  Sciences  Assn. 

Robert  E.  Dunaway:  Appointed  senior 
scientist  in  the  Dept.  of  Experimental 
Physics,  MHD  Research,  Inc.,  Newport 
Beach,  Calif. 

George  W.  Steeves:  Named  director  of 
the  Industrial  Div.,  Radio  Shack  Corp., 
Boston,  Mass. 

L.  Frank  Robinson,  Jr.:  Appointed 
manager  of  quality  control  at  General 
Electric's  Electronic  Specialty  Capacitor Operation,  Irmo,  S.C. 

James  H.  Fessler:  Formerly  with  Inter- 
national Rectifier,  joined  National  Tran- 

sistor Mfg.  Co.,  Lawrence,  Mass.,  as  field 
sales  engineer. 

Alfred  M.  Mayo:  Formerly  with 
NASA,  joined  Ling-Temco-Vought,  Inc., 
as  manager  of  the  Advanced  Systems  Dept. 
of  Chance  Vought  Corp.'s  Astronautics Div.,  Dallas,  Tex. 

Francis  V.  Wagner:  Appointed  director 
of  plans  and  programs  of  Informatics,  Inc., 
Culver  City,  Calif. 

Willard  Fazar:  Elected  vice  president 
for  operations  research  and  systems  engi- 

neering of  Herner  &  Co.,  Washington, 

/ES  FRIES 

D.C.  William  A.  Creager  elected  vice 
president  for  information  programs. 

Robert  C.  Lewis:  Appointed  general 
manager  of  Endevco  Corp.'s  Dynamic  and D.  C.  Instruments  Divs.,  Pasadena,  Calif. 

Capt.    Kenneth    Gentry   (USN  ret.): 
Named  assistant  to  the  general  manager, 
Chicago  center,  Motorola  Military  Elec- 

tronics Div.,  Motorola,  Inc.,  Chicago. 
Walter  G.  Olson:  Elected  to  the  board 

of  directors  of  Eitel-McCullough,  Inc., 
San  Carlos,  Calif. 

Col.  Richard  M.  Baker  (USMC  ret.): 
Joined  E.  W.  Bliss  Co.'s  Aircraft  Launch- 

ing and  Recovery  Equipment  Div.,  Drexel 
Hill,  Pa.,  as  technical  liaison  representa- tive. 

James  E.  McLeod:  Appointed  director 
of  engineering  at  Page  Communications 
Engineers,  Inc.,  Washington,  D.C. 

Dr.  William  Firestone:  Appointed  as- 
sistant general  manager  for  research  and 

development  engineering.  Military  Elec- 
tronics Div.,  Motorola,  Inc.,  Chicago. 

Robert  W.  Mallory:  Named  manager 
of  the  mechanical  engineering  department 
of  Rantec  Corp.,  Calabasas,  Calif. 

Theodore  F.  DeBauw:  Named  director 
of  quality  and  reliability  assurance  at  Lock- 

heed Propulsion  Co.,  Redlands,  Calif. 

Raymond  S.  Fries:  Appointed  general 
manager  of  Brown  Instruments  Div.,  Min- 

neapolis-Honeywell Regulator  Co.,  Phila- 
delphia, Pa. 

Martin  W.  Joseph:  Named  reliability 
manager  for  the  Industrial  Group  of  Elgin 
National  Watch  Co.,  Elgin,  111. 

George  H.  Jeffs:  Named  manager  of  the 
newly  formed  Paraglider  program  at  North 
American  Aviation's  Space  and  Informa- tion Systems  Div.,  Downey,  Calif. 

Robert  F.  Tucker  (USN  ret.):  Joined 
the  engineering  staff  of  Electronic  Systems 
Div.,  Antenna  Systems,  Inc.,  Maitland,  Fla. 

Bill  M.  Lane:  Named  new  projects 
manager  of  Vitro  Service  Div.,  Vitro  Corp. 
of  America,  Fort  Walton  Beach,  Fla. 

Dr.  John  R.  Summerfield:  Appointed 
corporate  staff  economist  at  Douglas  Air- 

craft Co.,  Santa  Monica,  Calif. 

DOUGLAS 
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In  January,  1962,  a  Varian 

10  Mev,  500R/min/m  radio- 
graphic linearacceleratorwas 

placed  in  service  forthe  Doug- 
las Aircraft  Company  at  Elgin 

AFB,  Florida.  If  your  activity 
demands  rapid,  dependable 
high-definition  radiographic 
inspection,  contact  Varian  for 
more  data  on  the  many  Varian 
linacs  now  in  service. 

VARIAN 
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contracts  and  procurements 

AWARDS 

AIR  FORCE 
$22,800,000 — Aerospace  Corp.,  El  Segundo,  Calif., 

for  systems  engineering  and  technical  direction 
of  ballistic  missile  and  space  programs,  man- agement services  and  administrative  support 
(supplemental  contract). 

$15,150,000— Martin  Marietta  Corp..  Baltimore, 
Md.,  for  research  and  development  of  the 
Titan  II  weapon  system  (supplemental  con- tract). 

$15,000,000 — Federal  Electric  Corp.,  Paramus, 
N.J.,  for  operation,  maintenance  and  support  of 
Distant  Early  Warning  System. 

$10,800,000 — Douglas  Aircraft  Co.,  Santa  Monica, 
Calif.,  for  long  lead  time  items  and  ground 
support  equipment  for  SkyboU  missiles  (sup- plemental contract). 

$4,001,000— The  Mitre  Corp.,  Bedford,  Mass.,  for 
systems  engineering  and  technical  development 
of  command  and  control  systems  (supplemental 
contract). 

$3,914,000 — Paul  Hardemann,  Inc.,  Stanton,  Calif., 
for  installation  and  checkout  of  propellant 
transfer  systems  at  Vandenberg,  Davis- Monthan,  McConnell  and  Little  Rock  Air 
Force  Bases  (supplemental  contract). 

$2,450,000— Martta  Marietta  Corp.,  New  York,  for umbilical  installation  and  testing  for  Titan  1 
missile  site  activation  at  Ellsworth,  Mountain 
Home,  Larson  and  Beale  Air  Force  Bases 
(supplemental  contract). 

$2,175,000 — Martin  Marietta  Corp.,  Baltimore, 
Md.,  for  follow-on  production  of  Titan  I  mis- sile and  associated  equipment  (supplemental 
contract). 

$2,000,000 — American  Machine  and  Foundry  Co., 
New  York  City,  for  work  on  Titan  I  launcher 
systems  at  Ellsworth,  Mountain  Home,  Larson 
and  Beale  Air  Force  Bases  (supplemental  con- tract). 

$1,900,000 — Lockheed  Aircraft  Corp.,  Burbank, 
Calif.,  for  space  vehicles  (supplemental  con- 

tract). Work  to  be  done  at  Sunnyvale,  Calif. 
$1,500,000— Lockheed  Aircraft  Corp.,  Burbank, 

Calif.,  for  research  and  development  work  on 
space  systems  (supplemental  contract).  Work 
to  be  done  at  Sunnyvale,  Calif. 

$1,391,288 — Lockheed  Aircraft  Corp.,  Burbank, 
Calif.,  for  work  on  space  vehicles. 

$1,280,000— North  American  Aviation,  Inc., 
Downey,  Calif.,  for  spare  parts  to  support  the 
Minuteman  guidance  control  system. 

$1,215,800 — Lockheed  Aircraft  Corp.,  Burbank, 
Calif.,  for  work  on  space  vehicles.  Work  to  be 
done  at  Sunnyvale,  Calif. 

$1,212,121 — Martin  Marietta  Corp.,  New  York 
City,  for  spares  and  related  equipment  for  the 
Titan  I  weapon  system  (supplemental  con- 

tract). Work  to  be  done  at  Denver,  Colo. 
$1,200,000— Radio  Corp.  of  America,  Electronic 

Products  Dlv.,  Moorestown,  N.J.,  for  final 
stage  vehicles  and  services  in  support  of  space 
programs  (supplemental  contract). 

$1.197,000— Aerojet-General  Corp.,  Azusa,  Calif., for  research  and  development  on  Stage  II  Min- 
uteman motors.  Work  to  be  done  at  Sacra- 

mento, Calif. 
$61,178— Hughes  Aircraft  Co.,  Culver  City,  Calif., 

for  modification  of  MA-1  Crazy  Nose  stands 
compatible  with  interceptor  improvement  pro- 

gram changes  to  the  MA-1  system  and  for 
providing  check-out  assistance  for  Phase  2 Crazy  Nose. 

Bendix  Radio  Dlv.,  Baltimore,  Md.,  for  study, 
investigation  and  development  of  ultra-reliable, 
micro-miniaturized  advanced  design  techniques 
for  super-high-frequency  communications  equip- ment for  future  space  vehicles  (undisclosed amount). 

ARMY 
$4.900,000— BeU  Aerosystems  Co.,  Buffalo,  N.Y., for  a  radio  command  control  system  for  the SD-1  drone. 
$4,900,000— Sperry  Gyroscope  Co.,  Great  Neck, 

N.Y.,  for  work  on  the  Nike-Zeus  missile  (sup- plemental contract). 
$2,700,000 — Ford  Motor  Co.'s  Aeronutronic  Div., Newport  Beach,  Calif.,  for  continued  develop- 

ment of  the  Shillelagh  missile  system. 
$  1 ,269, 1 1 7  —  Consteel  -  Ets  -  H  ok  in  -  Galvan,  Cocoa Beach,  Fla.,  for  alterations  to  launch  and  addi- 

tions to  fueling  systems  at  Cape  Canaveral. 

$356,000— The  Bendbx  Radio  Dlv.,  Towson,  Md., 
for  syncom  ground  communications  modifica- tion equipment. 

$117,000 — Lionel  Corp.,  Telerad  Dlv.,  Flemington, 
N.J.,  for  production  of  100  Beacon  "C"  bands to  be  used  at  White  Sands  Missile  Range,  N  M 

$41,500 — Electronic  Systems-East  Dlv.,  Sylvanla 
Electric  Products,  Inc.,  Waltham,  Mass.,  for 
tracking  receiver  modifications. 

NAVY 
$40,000,000 — Lockheed  Missiles  and  Space  Co., 

Sunnyvale,  Calif.,  for  work  on  Polaris  missiles 
(2  contracts). 

$4,679,108— Martin  Marietta  Corp.,  Orlando,  Fla., 
for  additional  Bullpup  missiles. 

$3,100,000— Sperry  Gyroscope  Corp.,  Great  Neck, 
N.Y.,  for  14  advanced-design  checkout  consoles for  use  in  Polaris  submarine  navigation  systems. 

$2,421,918 — Raytheon  Co.,  Sudbury,  Mass.,  for 
electronic  equipment  for  the  Polaris  missile 
guidance  system. 

$2,000,000 — Radio  Corp.  of  America,  Defense 
Electronic  Products,  Moorestown,  N.J.,  for  mis- 

sile precision  on  instrumentation  radar. 
$1,400,000 — Lockheed  Aircraft  Corp.,  Burbank, 

Calif.,  for  Polaris  test  vehicles. 

NASA 
$771,715— Marbury-PattlUo  Construction  Co.,  Bir- mingham, Ala.,  for  substructure  and  utilities 

at  Building  4619,  Marshall  Space  Flight  Center, 
Huntsville,  Ala. 

$88,000 — Beckman  Instruments,  Inc.,  Fullerton, 
Calif.,  for  design  and  construction  of  a  minia- 

turized carbon-dioxide  warning  system  for  Proj- 
ect Mercury  spacecraft. 

$75,000 — Radiation,  Inc.,  Melbourne,  Fla.,  for  im- 
proving pulse  code  modulated  telemetry  signals. 

$68,046 — Hushes  Research  Laboratories,  Malibu, 
Calif.,  for  studies  of  multiple  access  satellite communication. 

INDUSTRY 
$4,900,000 — Sperry  Gyroscope  Co.,  Surface  Arma- 

ment Dlv.,  Great  Neck,  N.Y.,  from  Bell  Tele- 
phone Laboratories,  for  additional  target  track 

radar  transmitters  for  the  Ntke-Zeus  system. 
$400,000— Radiation,  Inc.,  Melbourne,  Fla.,  from 

AC  Spark  Ping,  for  providing  additional  pulse 
code  modulation  (PCM)  telemetry  systems  foi 
the  Titan  program. 

$350,000 — California  Resistor  Corp.,  Santa  Monica, 
Calif.,  from  Boeing  Co.,  for  wire-wound  re- sistors  for  the  Minuteman  weapon  system. 

$200,000 — PnenraoDynamlcs  Corp.  of  Cleveland, 
from  Boeing  Co.,  for  design,  manufacture  and 
test  proving  a  shock  insulation  system  for  the Minuteman  missile. 

Air  Borne  Controls,  Inc.,  Sun  Valley,  Calif.,  from 
Space  Technology  Laboratories,  Inc.,  for  pro- 

vision, design  flnalization.  mock-up,  tooling  and 
production  fabrication  of  satellite  internal  elec- 

tronic harnessing  for  the  Orbiting  Geophysical 
Obsenatory  (undisclosed  amount). 

REQUESTS  FOR  BIDS 
GENERAL  PROCUREMENTS 

Aeronautical  Systems  Div. 
Wright-Patterson  Air  Force  Base,  Ohio 
Negotiations  will  be  conducted  with  Minne- 

apolis-Honeywell Regulator  Co.,  Aeronautical  Div., 
Minneapolis,  Minn.,  for  adaptive  flight  controller 
performance  evaluation  with  a  time-varying  simula- tion of  Titan  II.  This  is  a  continuation  of  Contract 
AF  33(6l6)-8425— RFP-ASD-161205-RKNB.  Note for  information  only.  RFP  not  avaialble. 

National  Aeronautics  and  Space  Administration 
Manned  Spacecraft  Center General  Research  Procurement  Office 
Houston  1,  Tex. 
Negotiations  will  be  conducted  with  Dr  Sem- 

Nation-wide  and  overseas 
distribution  from  (4)  factories 

to  save  delivery  costs. 

Administrative  Offices  •  Engineering  Offices 
Electronic  Facilities  •   Living  Quarters 

Put  them  where  you  want  them,  when  you  wont  them 
for  the  length  of  time  needed.  Cut  costs  with  this 
"instant  solution"  to  temporary  space  problems.  From 
a  manufacturer  with  250,000  sq.  ft.  of  plant  facilities 
in  (4)  factories,  who  has  built  49,000  mobile  units 
since  1939.  Standard  production-line  mobile  units  or 
custom  mobile  facilities  to  your  specs.  Get  a  competi- tive bid  from  MFE. 

MOBILE   FACILITY  ENGINEERING 
S.  Hwy.  62     •     Cassopolis,  Michigan     •     HI  5-3119 
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contracts  and  procurements 

Jacobson,  Rochester,  Minn.,  for  a  sub  miniature 
transistor  EEG  amplifier  VESLA— RFP  63-196P. Note:  for  information  only.  RFP  not  available. 

National  Aeronautics  and  Space  Administration 
Goddard  Space  Flight  Center 
Greenbelt,  Md. 
Solid-state  phase  lock  telemetry  receiver,  in 

quantities  of  one,  two  or  three.  One  or  two 
WKWl  or  three  solid-state  phase  lock  telemetry 
receiver  (SWLM)— RFP  18211— RFP  due  date 
9-27-62.  Invited  to  participate:  Vitro  Corp.  of 
America,  Vitro  Eelctronics  Div.,  919  Jesup-Blair 
Dr.,  Silver  Spring,  Md.;  Resde!  Engineering  Corp., 
330  S.  Fair  Oaks  Ave.,  Pasadena,  Calif;  Defense 
Electronics,  Inc.,  5481  Randolph  Rd.,  Rockville, 
Md.;  General  Electric  Lab.,  Inc.,  8521  Second 
Avenue,  Silver  Spring,  Md.;  Applied  Technology, 
Inc.,  Leap  Indian  Trail  Ave.,  Palo  Alto,  Calif.; 
Thompson  Ramo  Wooldridge,  Ramo  Wooldridge 
Div.,  8433  Fallbrook  Ave.,  Canoga  Park,  Calif., 
Attn:  Mr.  E.  A.  Pointer;  Litton  Systems,  Inc., 
Maryland  Div.,  5009  Calvert  Rd.,  College  Park, 
Md.,;  International  Telephone  and  Telegraph 
Corp.,  ITT  Federal  Lab.,  500  Washington  Ave., 
Nutley  10,  N.  J.;  Avco  Corp.,  Electronics  & 
Ordnance  Div.,  2630  Glendale-Milford  Rd.,  Cin- 

cinnati 15,  Ohio;  Lear  Siegler,  Inc.  (formerly 
Hallamore  Electronics),  714  N.  Brookhurst  St., 
Anaheim,  Calif.;  Cutler-Hammer,  Inc.,  Airborne 
Instruments  Lab.,  Deer  Park,  N.Y.,  Attn:  H.  M. 
Stephey;  Motorola  Communications  &  Electronics, 
Inc.,  4501  W.  Augusta  Blvd.,  Chicago,  111.; 
Pickard  &  Burns,  Inc.,  240  Highland  Ave.,  Need- 
ham,  Mass.;  Space  General  Corp.,  777  Flower 
St.,  Glendale  1,  Calif.;  American  Electronic  Lab. 
(Amelco),  1625  E.  126th  St.,  Hawthorne,  Cailf. 

Bureau  of  Naval  Weapons 
Washington,  D.C. 
BuWeps  contemplates  award  of  a  contract  to 

the  Martin  Marietta  Corp.,  Orlando,  Fla.,  to 
furnish  1022  "S"  type  launchers.  This  notice  is made  solely  to  inform  potential  subcontractors  of 
proposed  procurement.  RFP  is  not  available. 
Small  business  firms  and  others  interested  in  sub- 

contracting should  contact  the  above  firm.  Direct 
referencing  CN  6634-62,  BuWeps  synopsis  No. 51-63. 

Contracting  Officer 
National  Aeronautics  and  Space  Administration 
Langley  Station 
Hampton,  Va. 
Services  and  materials  necessary  for  designing, 

fabricating,  instrumenting,  measuring  and  report- 
ing on  physical  properties,  and  delivering  FOB 

Hampton,  Va.,  one  wind-tunnel  model  of  a  Saturn 
SA-5  vehicle  and  associated  umbilical  tower — 
to  meet  requirements  of  NASA  Specification  L- 
2654,  dated  August  31,  1962 — and  related  draw- 

ings. Bids  are  requested  on  a  fixed-price  basis — 
one  each — IFB  L-2654 — Bid  Opening  10-1-62. 

Bureau  of  Naval  Weapons 
Washington,  D.C. 
The  Bureau  proposes  to  negotiate  with  Royal 

Jet  Industries,  Inc.,  1035  Westminster  Ave.,  Al- hambra,  Calif.,  for  an  additional  quantity  of 
Sparrow  111  shipping  containers — as  this  company is  considered  to  be  the  only  current  producer 
capable  of  meeting  an  urgent,  short  deadline  for 
deliveries  beginning  in  October  and  concluding  in 
November  62.  Only  by  tying  this  requirement  to 
an  existing  production  line  can  the  delivery  sched- ule be  met.  Firms  interested  in  subcontracting 
should  contact  the  above  firm.  Direct  referencing 
CN0942-63.  RFP  is  not  available.  BuWeps  syn- 

opsis No.  55-63. 

U.S.  Navy  Dept. 
Bureau  of  Ships 
Washington  25,  D.C. 
The  Bureau  of  Ships  under  RFP  405-30422(S) 

is  soliciting  a  proposal  from  Maryland  Shipbuild- 
ing and  Drydock  Co.,  Baltimore,  Md.,  and  Beth- 

lehem Steel  Corp.,  Baltimore,  Md.,  for  conversion 
of  AVM-1  to  a  Typhon  weapon  system  evaluation 
ship.  One  of  the  major  equipments  of  such  system 
is  the  AN/SPG-59  radar  being  constructed  at Baltimore.  Firms  considered  for  this  work  must  be 
located  in  Baltimore,  as  it  is  not  feasible  to  move 
this  radar  outside  the  Baltimore  area.  Small  busi- 

ness firms  or  others  interested  in  subcontracting 
opportunities  in  connection  with  this  procurement are  advised  make  direct  contact  with  the  above 
firms.  Prior  security  clearance  will  be  required  by 
partcipating  firms. 

National  Aeronautics  and  Space  Administration 
Goddard  Space  Flight  Center 
Greenbelt,  Md. 
Provide  non-personnel  services  for  operation and  maintenance  of  automated  satellite  telemetry 

data  processing  system.  NASA  Procurement  Office 
at  GSFC  has  issued  invitations  for  bids  No. 
PCM-28784  for  the  furnishing  of  labor,  materials, 
equipment  and  services  to  operate  and  maintain 
the  number  of  lines  of  automated  satellite  tele- 

metry data  processing  equipment.  Bids  are  due  at 
Goddard  Space  Flight  Center,  Greenbelt,  Md., 
Code  241.5,  Attn:  Mr.  W.  E.  Doles,  before  3:00 
PM,  EDST,  9-20-62. 

National  Aeronautics  and  Space  Administration 
Manned  Spacecraft  Center 
Apollo  Procurement  Office 
Houston  1,  Tex. 
2295/2115  MC  transponder— one  each— RFP MSC  63-198P— RFP  due  date  9-26-62. 

Directorate,  Procurement  and  Production 
Middletown  Air  Materiel  Area 
Olmsted  Air  Force  Base,  Pa. 
Contract  technical  services  for  CNI(ASQ-19) 

airborne  digital  communications  systems,  SM-65 
missile  microwave,  TSC-15  communications  cen- 

tral. Collins  SSB  radio  equipment  AN/ARN-14 
Omni-VOR  radio  for  aircraft  C-140A  by  eleven 
tech  reps  for  95-man-months.  Negotiations  will  be conducted  with  Collins  Radio  Co.,  321  Third  St., 
S.  E.,  Cedar  Rapids,  Iowa.  This  is  a  continuation 
of  contract  AF  36(600)-10635.  Inquiries  must 
refer  to  RFP  MA-4023-5  &  6-PDC.  Note:  for 
information  only.  No  RFP  available. 

Secondary  Items  Branch Procurement  Div. 
Procurement  and  Production 
U.S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
M30  rocket  motor  and  adapter  assembly  with 

container — 260  each  w/option  quantity  130  each 
— Ord.  part  No.  8030881  and  8034427— gas  gen- 

erator assembly  Ord.  part  No.  8030880 — 7  each 
w/option  quantity  2  each— IFB  IXXF  ORD-01- 021-63-10069B.  Bid  opening  10-16-62.  Drawings and  bid  sets  available  from  nearest  Ord.  Dist. 
An  additional  quantity  of  260  each  M30  rocket 
motor  and  adapter  assembly  is  being  reserved  for 
labor  surplus  areas. 

National  Aeronautics  and  Space  Administration 
Apollo  Procurement  Office Houston  1,  Texas 
Negotiations  will  be  conducted  with  Emerson 

Electric  Mfg.  Co.  for  performance  evaluation  of 
thermolag  material  for  entry  heat  protection  of 
advanced  manned  spacecraft — RFP  MSC-63-250P. Note:  For  information  only.  RFP  not  available. 

Purchasing  Office 
Range  Procurement  Division  (MTDRC-4) Air  Force  Missile  Test  Center 
Patrick  Air  Force  Base,  Fla. 
Time  division  multiplex  station  type  I,  11  each; 

time  division  multiplex  station  type  III,  one  each; 
time  division  multiplex  station  type  I  and  III,  five 
each;  initial  spare  parts,  parts  fist,  instruction 
books  and  other  support  items.  Deliveries  to  be 
furnished  at  a  later  date.  Procurement  will  be 
accomplished  in  two  phases:  submission  and  eval- uation of  technical  proposals  without  pricing  to 
determine  acceptability  of  supplies  and  services 
offered;  after  evaluation  of  technical  proposals, 
invitations  for  bids  issued  only  to  those  firms 
having  technically  acceptable  proposals.  Letter  re- 

quest for  technical  proposal  No.  63-1079.  Due 
date  for  technical  proposal  10-8-62.  Complete data  not  available.  Available  specifications,  plans 
or  drawings  relating  to  the  procurement  described 
above  do  not  fully  provide  all  necessary  manufac- turing and  construction  details. 
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when  and  where 

SEPTEMBER 

Air  Force  Association's  Sixteenth  National Convention  and  Aerospace  Panorama, 
Nellis  Air  Force  Base  Gunnery  Range, 
Las  Vegas,  Nev.,  Sept.  18-23. 

Technical  Manpower  Utilization  Meeting, 
Institute  of  the  Aerospace  Sciences, 
Hotel  Commodore,  New  York  City, 
Sept.  19-20. 

Eleventh    Annual    Industrial  Electronics 

Symposium,  sponsored  by  IRE,  Ameri- can Institute  of  Electrical  Engineers 
and  Instrument  Society  of  America, 
Sheraton  Hotel,  Chicago,  Sept.  19-20. 

IRE    Conference    on  Communications, 
Roosevelt  Hotel,  Cedar  Rapids,  Iowa, 
Sept.  21-22. 

National    Power    Conference,  (ASMW- 
AIEE),  Lord  Baltimore  Hotel,  Balti- 

more, Md.,  Sept.  24-26. 
Thirteenth  International  Astronautical 

Congress,   American   Rocket  Society, 
Sofia,  Bulgaria,  Sept.  24-28. 

Space  Power  Systems  Conference,  Ameri- can Rocket  Society,  Miramar  Hotel, 
Santa  Monica,  Calif.,  Sept.  25-28. 

Symposium  on  the  Physics  of  Failure  in 
Electronics,  sponsored  by  Rome  Air 
Force    Development    Center,  USAF 
Systems  Command  and  Armour  Re- 

search Foundation,  Illinois  Institute  of 
Technology,  Chicago,  Sept.  26-27. 

M/R  BUSINESS  OFFICES 

Washington  5,   D.  C. — 1001   Vermont  Avenue, 
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editorial . . . 

A  Plea  for 

THE  PROBLEMS  OF  the  space  electronics  field 
might  be  summed  up  in  the  following  Request 

for  Proposal: 

Govt,  agency  wants  multi-purpose,  easily 
maintained,  extremely  reliable,  long  life, 
radiation-immune,  interference-free  micro- 

miniaturized system,  capable  of  operating 
at  all  temperature  and  humidity  ranges. 
Must  be  low  cost. 

This  mythical  RFP  may  seem  facetious  at  first 
glance.  But  it  summarizes  the  demands  placed  today 
on  the  electronics  engineer  and  manufacturer  by  the 
National  Aeronautics  and  Space  Administration  and 
the  Dept.  of  Defense. 

The  problems  in  space  electronics  are  varied: 
•  What  weight  should  a  company  assign  to  each 

of  the  requirements?  How  far  does  DOD  really  want 
to  go  in  microminiaturization?  How  much  will  NASA 
pay  for  the  reliability  it  demands?  The  need  to  pour 
company  money  into  a  program  to  meet  today's extremely  high  reliability  requirements  is  offset  by 
the  knowledge  that,  when  the  chips  are  down,  the 
procurement  officer  may  take  the  expedient  route  by 
buying  the  cheapest  item  available. 

•  NASA  and  DOD  space  electronics  procure- 
ment currently  is  a  low-volume,  extra-high-reliability 

market.  At  the  same  time,  the  two  agencies  are  push- 
ing standardization  of  both  components  and  circuits. 

This  anomaly  can  be  self-defeating,  particularly  if 
pursuit  of  standardization  defeats  technical  advances 
growing  out  of  the  headlong  pace  of  electronics  re- 

search and  development. 
•  With  increasing  complexity,  ease  of  maintenance 

is  declining.  A  new  philosophical  approach  is  needed. 
•  With  NASA  the  greatest  beneficiary  of  micro- 

miniaturization in  space  electronics,  it  is  doing  the 
least  to  support  this  development  area.  The  space 
agency,  in  effect,  still  is  reaping  the  benefit  of  Air 
Force  investment.  How  long  this  momentum  can  con- 

tinue without  NASA  support  is  questionable. 
The  above  essentially  are  management  problems 

which  must  be  met  both  by  government  and  indus- 
try. Technical  problems  in  space  electronics  are 

equally  numerous.  To  name  only  two: 
•  Radiation  effects  on  space  components  are  far 

from  apparent.  Firms  such  as  IBM,  General  Electric, 
and  RCA  are  carrying  on  company-funded  investiga- 

tion of  radiation  effects.  This  is  of  little  immediate 
benefit  to  the  small  companies  that  contribute  so 
much  to  electronics  development.  Yet  there  is  no 
large  government-funded  effort  in  this  vital  field. 

•  Interference  problems  created  by  the  innumer- 
able radio  frequency  emitters  are  troublesome  and 

growing  worse  as  the  space  program  expands.  The 
Electromagnetic  Compatibility  Analysis  Center,  op- 

erated by  Armour  Research  Foundation  for  Air 

Simplicity 

Force  Systems  Command,  is  just  beginning  involved 
studies  into  spectrum  signatures  and  listings  of  all 
military  transmitters.  This  effort  initially  is  concen- 

trating on  military  radar  systems  with  communica- 
tions problems  shelved  for  the  time  being. 

It  is,  however,  an  effort  that  must  be  expanded. 
The  great  concern  for  component  reliability  is  not 
being  matched  by  efforts  directed  toward  overall  reli- 

ability under  RFI. 
These  technical  and  management  problems  pla- 

guing the  space  electronics  field  can  be  met  on  a  piece- 
meal basis.  But  there  is  one  overall  problem  which 

must  be  tackled  on  a  broad  front. 

It  has  been  labeled  by  one  of  DOD's  top  scien- tists as  the  American  Syndrome.  This  is  described  as 
a  confusion  of  gadgetry  with  progress,  increasing 
complexity  with  improvement  and  more  complex  in- strumentation with  new  invention. 

ASSISTANT  AIR  FORCE  Secretary  (R&D)  Brock- 
way  McMillan,  outlining  the  ravages  of  the 

disease,  describes  a  military  communication  relay 
center  he  recently  visited: 

Very  elaborate  antennas  of  intricate  design  un- 
fortunately screened  each  other.  Simple  antennas 

occupying  less  space  would  have  had  less  screening 
and  the  net  output  would  have  been  equivalent  at  a 
much  lower  cost. 

Inside  the  station  were  racks  of  all  types  of  re- 
ceivers, neatly  stacked  in  rows.  The  floors  were  of  the 

highest  grade  tile  and  were  polished  to  a  high  gloss. 
The  operators'  consoles  were  thoroughly  human- 
engineered.  There  were  hundreds  of  buttons  and  a 
neatly-centered  oscilloscope  display.  The  operator 
could  switch  any  receiver  to  any  transmitter  and 
could  connect  any  channel  to  any  of  a  series  of  tape 
recorders.  Since  the  traffic  could  be  CW  or  voice  or 
multiplex  or  high-speed  data,  the  receiver  had  differ- 

ent bandwidths  and  the  recorders  also  had  a  wide 
variety  of  bandwidths.  Wiring  for  the  modular  con- 

struction was  extremely  complicated  to  make  test 
points  readily  accessible  to  maintenance  personnel. 

Outstanding  feature  of  the  installation  was  the 
deluxe  maintenance  console.  All  important  inputs  and 
outputs  were  brought  to  this  console.  It  sparkled  with 
myriads  of  switches,  oscilloscopes  and  pilot  lights. 

There  were  hoards  of  contractor  personnel  in  the 
station.  What  were  they  doing?  Trying  to  make  the 
maintenance  console  work! 

"That  deluxe  radio  relay  station  is  in  a  constant 
state  of  repair,  rather  than  in  service,"  McMillan 
points  out. 

To  prevent  this,  the  American  Syndrome — with 
its  pursuit  of  complexity  for  complexity's  sake — must be  eradicated  by  a  joint  effort  of  government  and 
industry.  Solution  of  the  other  problems  then  will 
come  more  easily  and  more  quickly —  for  the  true 
fulfillment  which  today  is  only  the  promise  of  space 
electronics. 

William  J.  Coughlin 
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K  1500  automatic  electr
onic  switching  systems 
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the  ̂ erator  ^ 
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Unique  proven  logic  concepts  and  features  assure  that  the  K-1500  

is  ready,  now,  iu  y 
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SOLAtron 

LINE  VOLTAGE 

REGULATOR 

keeps  \ 

voltage 

inside 

»  - 

the 

regulation 

"envelope" 

Starts  corrective  action  the  instant 

output  departs  from  nominal . . .  long 
before  voltage  even  approaches  the 
boundaries  of  the  regulation  envel- 

ope. In  fact,  response  is  10  times 
faster  than  mechanical  regulators. 
Even  under  extreme  conditions,  re- 

turn to  nominal  will  never  exceed 

10  cycles.  And  no  moving  parts 
means  no  electro-mechanical  wear. 
Maintenance  is  reduced  to  insignif- 

icant static-design  proportions.  A 
solid-state  sensor  triggers  a  mag- 

netic flux  "valving  action"  to  main- 
tain nominal  voltage. 
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Division  of  Basic 
Products  Corporation 
SOLA  ELECTRIC  CO.,  Dept.  EI-62,  1717  Busse  Road, 
Elk  Grove  Village,  Illinois,  HEmpstead  9-2800 
IN  CANADA,  SOLA  BASIC  PRODUCTS,  LTD., 
377  Evans  Avenue,  Toronto  18,  Ontario 

Excellent  regulation  —  for  specified  input 
range,  zero  to  full  load. 

Efficiency  —  95%  at  full  load. 

Ultra  Compact  —  smaller  and  lighter  than 
other  equivalent  regulators. 

Complete  Mounting  Flexibility  —  designed 
for  either  horizontal  or  vertical  orienta- 

tion. Adaptable  for  mounting  inside  OEM 
equipment  or  can  be  externally  employed 
on  any  surface  or  support. 

New  Solatron  Line  Voltage  Regu- 
lators are  available  in  3-100  kva 

ratings  for  120  and  240  vac,  both  60 

and  400-cycle,  indoor  applications. 

Circle  No.  17  on  Subscriber  Service  Card 



Radoflector:  T.  M.  Goodyear  Aircraft  Corporation,  Akron,  Ohio 

IDEA:  Create  a  radar  antenna  that  will  operate  after  a  nuclear  blast 

There's  an  urgent  need  for  a  hardened  emergency  anten- 
na to  back  up  present  ground-based  radar  antenna  sys- 

tems that  may  be  destroyed  in  a  nuclear  attack.  And 
Goodyear  Aircraft  Corporation  (GAC)  has  an  economi- 

cal answer. 

We've  created  an  expandable  radome  and  antenna  that 
stores  in  a  hardened  site— pops  out  of  the  ground  and 
goes  to  work  in  mere  minutes.  It's  being  developed  under 
the  sponsorship  of  the  Air  Force  Systems  Command, 
Eome  Air  Development  Center,  Griffiss  Air  Force  Base, 
New  York. 

This  "Radoflector"  can  be  designed  for  a  variety  of  func- 

tions, including  fixed  beam,  single  scan,  stacked-beam 
scan,  and  double  or  rapid  scan.  Driving  power  require- 

ments, as  well  as  rotating  mechanism  size  and  weight, 
are  reduced  by  keeping  the  spheroid  stationary— only  the 
feed  rotates. 

And  there  you  have  another  example  of  GAC's  capabili- 
ties in  land,  sea,  air  or  space  defense  systems. 

If  we  can  be  of  service  to  you  in  advanced  systems  and 
technology  —  aerospace  support  equipment  —  electronic 
subsystems— lightweight  structures  — or  missile  require- 

ments—write now  to  Goodyear  Aircraft  Corporation, 
Dept.  914  PU,  Akron  15,  Ohio,  or  Litchfield  Park,  Arizona. 

LAND    SEA,  AIR  OR  SPACE. ..TALENT  THAT  BUILDS  BETTER  DEFENSE  SYSTEMS 

GOOD/YEAR GOODYEAR  AIRCRAFT  CORPORATION 
Circle  No.  18  on  Subscriber  Service  Card 



Bypass  routes  Digital  transmission  Communications  satellites  Microwave  transmission 

Submarine  cable  Tropospheric  scatter  Data  communications 

Look  to  the  Bell  System  for  integrated/ 

broad-scale  communications  systems 

...whatever  the  military  need 

On  this  page  are  just  seven  of  the  many  types  of 

communications  systems  worked  on  by  the  Bell 

System  that  have  important  military  applications. 

Some  of  these  systems  are  at  work  today  tying 

together  our  scattered  military  forces  with  com- 
munications that  have  reliability,  speed,  flexibility, 

accuracy  and  security. 

In  the  near  future,  all  of  these  techniques  with 

which  the  Bell  System  is  so  thoroughly  familiar 
may  be  used  for  military  communications  needs 

AMERICAN  TEL.  &  TEL.  CO 

such  as  warning,  intelligence  reporting,  logistics 

operations,  and  command  control  weapon  systems 
direction  and  administration. 

And  this  is  just  the  beginning. 

Every  day  at  Bell  System  research  and  develop- 
ment centers,  the  same  kinds  of  imagination  and 

experience  that  went  into  the  systems  on  this 

page  are  being  brought  to  bear  on  even  more 
advanced  military  communications  systems  to 

strengthen  our  nation's  defenses. 

BELL  TELEPHONE  SYSTEM 

WESTERN   ELECTRIC  CO. 
/ BELL  TELEPHONE  LABORATORIES    /    21  OPERATING  COMPANIES / 
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challenge with  a  future 

The  CHRYSLER  Corporation  SPACE  Division 
was  born  of  experience  extending  over  a  decade 
in  the  research,  design,  development,  fabrication, 
assembly,  test,  and  launch  support  of  large  liquid- 
propelled  missile  systems  and  space  boosters. 

Because  of  this  experience,  CHRYSLER 
SPACE  Division  was  established  to  engineer,  pro- 

duce, checkout,  and  static  test  the  first  stage  of 

NASA's  Saturn  C-1  rocket,  and  to  assemble  and 
launch  the  entire  C-1  space  vehicle.  To  these 
tasks  was  added  responsibility  for  product  im- 

provement and  advance  engineering. 
CHRYSLER  SPACE  Division  now  is  seeking 

engineers  and  scientists  with  the  talent,  enthusi- 
asm, and  technical  proficiency  to  fill  key  positions 

in  this  growing  new  Division. 

Consider  these  added  values  of  a  career  with 
CHRYSLER  Corporation  SPACE  Division: 
•  Association  with  top  technical  minds. 
•  Excellent  career  advancement  potential. 
•  University  facilities  for  advanced  study. 
•  Pleasant  living  in  3  choice  Southern  locations. 

If  you  have  engineering  experience  in  re- 
search, preliminary  design,  test  or  development 

in  the  areas  of  AERONAUTICS,  ELECTRONICS, 
SYSTEMS.  LIQUID  PROPULSION,  RELIABILITY 
or  STRUCTURES,  or  applied  experience  in 
MANUFACTURING,  PLANT  ENGINEERING  or 

QUALITY  CONTROL,  send  your  resume  in  confi- 
dence to  Personnel  Department,  P.O.  Box  26018, 

New  Orleans  26,  La. 

CHRYSLER    CORPORATION    SPACE  DIVISION 
CAPE   CANAVERAL,  FLA.         HUNTSVILLE,    ALA.         NEW    ORLEANS,  LA. 

An  Equal  Opportunity  Employer 



Two  major  task  areas  are  of 
special  interest: 

ADVANCE 
ENGINEERING 

This  branch  analyzes  existing 
or  proposed  space  system  designs 
and  operational  characteristics  to 
establish  system  requirements  and 
feasibility  fordeveloping  design  con- 

cepts. It  includes  these  sections: 
Aeroballistics — concerned  with  dy- 

namics and  trajectory  analyses,  aer- 
odynamic heating,  staging  studies, 

aerodynamics,  and  flight  evaluation. 
Preliminary  Design — establishes 
configuration  feasibility  to  meet 
mission  changes  and  future  mis- 

sions as  dictated  by  program  re- 
quirements. 

Future  Systems  Analysis— studies 
advanced  systems  with  considera- 

tion of  tradeoffs  between  various 
parameters  as  well  as  projected 
availability  of  new  and  higher  per- 

formance hardware. 

PRODUCT 
IMPROVEMENT 

These  programs  provide  for 
assignment  involving  the  major  ele- 

ments of  the  structural,  mechanical, 
and  materials  disciplines,  including 
complete  or  partial  feasibility  stud- 

ies, design-,  development,  analysis, 
and  testing.  Tasks  also  are  initiated 
in  the  areas  of  electrical  systems, 
instrumentation,  and  automatic 
checkout.  Component  product  im- 

provement tasks  will  be  performed 
to  correct  design  deficiencies  and 
marginal  conditions  detected  in  the 
evaluation  and  test  programs. 

CHRYSLER  corporation 

SPACE  division 

An  Equal  Opportunity  Employer 
Circle  No.  19  on  Subscriber  Service  Card 

letters- 

'The  Big  Knife' 
To  the  Editor: 

Bouquets  are  in  order  for  your  "The 
Big  Knife"  editorial  (M/R,  Aug.  20). 
There  is  an  additional  immediate-action 
item  which  I  feel  should  be  added.  This 
concerns  adjusting  or  freeing  the  system  of 
checks  and  balances  that  makes  our  gov- 

ernmental processes  democratic.  Since  it  is 
so  basic,  it  is  very  touchy  in  its  implemen- 

tation, but  a  solution  must  exist. 
Presently  our  Defense  Department  is 

under  very  close  scrutiny  in  decision- 
making matters.  The  pressures  by  the  Con- 

gress— the  public — are  so  severe  that  it 
takes  a  very  courageous  man  to  make  a 
decision  involving  the  dispensing  of  the 
large  amounts  of  money  called  for.  The 
result  is  the  requirement  of  additional 
time — delaying  study  programs  running 
'way  beyond  the  planned  contract  award 
date — and  the  use  of  fiscal-year  funding 
techniques  under  which  the  defense  con- 

tractor must  negotiate  and  rejustify  his 
plans  every  year.  This  procedure  leaves  the 
contractor  "holding  the  bag"  while  his  con- 

tract is  awaiting  decision  for  renewal  under 
conditions  of  considerable  doubt  and  un- 

easiness as  to  the  terms  of  go-ahead  he 
will  receive.  Maintaining  a  specialized 
team  of  program  personnel  under  condi- 

tions of  questionable  spurt-by-spurt  funding 
is  almost  impossible  and  is  rough  on  pro- 

gram morale. 
A  solution  is  not  proposed  herein,  but 

certainly  a  technique  of  giving  our  leader- 
ship a  freer  hand,  less  suspicion  and  more 

confident  backing  is  necessary.  Giving  the 
decision-maker  an  acknowledged  tolerance 
or  regime  within  which  he  can  operate 
would  speed  results.  This  trust  is  neces- 

sary, and  has  been  given  to  the  President 
through  our  elective  processes;  it  should 
be  extended  in  some  manner  to  our  De- 

fense Department,  with  fewer  strings  at- 
tached. Decisions,  whether  correct  or  in 

error,  do  represent  progress. 
I  believe  you  will  find  that  this  item  is 

fundamental  to  motivating  the  first  six 
items  that  you  listed  in  the  editorial. 

A.  M.  Arnold 
Mercer  Island,  Wash. 

Propulsion  Puzzle 
To  the  Editor: 

I  am  confident  that  many  people  have 
given  serious  thought  toward  an  appraisal 
of  our  space  effort,  as  you  have  done  from 
time  to  time  in  M/R  and  most  recently  in 
your  editorial  of  Aug.  27  ("Playing  with 
Blocks,"  p.  58).  The  critical  question  of 
how  we  are  doing  is  one  of  natural  con- cern to  all. 

For  most  of  us,  it  is  a  difficult  question 
to  answer,  and  probably  only  a  few  people 
are  in  a  position  to  even  make  an  attempt, 
but  some  reflections  on  that  subject  by 
workers  in  the  field  would  not  seem  com- 

pletely amiss. 
I  can  only  speak  unofficially  from  my 

area  of  propulsion,  which,  benefiting  from 

a  good  start  relative  to  other  disciplines 
such  as  guidance,  has  made  progress  that 
I  never  thought  I  would  have  the  satisfac- 

tion of  witnessing.  But  equally  surprising 
to  me  is  the  observation  that  the  progress 
was  made  without  the  necessity  of  great 
scientific  breakthroughs — just  the  applica- 

tion of  a  large  amount  of  work  by  hard- 
working people. 

Of  some  significance,  it  would  seem,  is 
that  new  propulsion  steps  in  the  direction 
of  increased  thrusts  (a  much-publicized 
subject),  increased  thrust  without  increase 
in  powerplant  size  and  thrust  from  nuclear 
energy,  can  still  be  achieved  from  the  same 
formula,  but  now  after  two  decades  of 
experience. 

In  light  of  that  potential  and  a  record 
of  achievement,  it  is  difficult  to  understand 
how  we  are  in  a  position  other  than  the 
one  we  want  to  be  in,  at  least  from  the 
standpoint  of  propulsion. 

lohn  P.  Sellers,  Jr. 
Woodland  Hills.  Calif. 

Boosting  Solids 
To  the  Editor: 

Your  editorial  "Playing  with  Blocks" 
(M/R  Aug.  27,  p.  58)  is  another  charac- teristically factual  commentary  which  is 
well  taken  and  overwhelmingly  approved. 
I  think  you  recognize  (if  NASA  and  DOD 
do  not)  the  urgent  importance  of  large 
solid  booster  development,  as  you  have 
continually  expressed  concern  over  lagging 
support  for  the  solid  system. 

May  I  personally  say  that  your  com- ments on  DOD  indecision  concerning  Air 
Force  super-solid  development  further  con- 

firm my  belief  that  this  nation  is  behind 
in  big  booster  capability  purely  because  of 
political  differences.  We  have  the  necessary 
technology,  financial  support  in  the  multi- 
billions  and  feasible  proposals  are  being 
shoved  into  the  faces  of  experts  every  day. 

But  nobody  seems  to  agree  with  any- 
one; not  even  that  we  are  far  behind  Rus- 

sia in  the  Moon  race.  It  is  sheer  "lunarcy" 
to  believe  anything  else  when  we  have  al- 

ready decided  upon  the  rendezvous  method 
for  the  trip,  and  the  booster  for  the  first 
attempt  won't  be  operational  for  years. 

Where  do  these  political  rhubarbs  get 
us?  Why  should  there  be  a  contest  between 
liquids  and  solids,  when  both  systems  are 
needed?  Why  should  there  be  a  lack  of 
confidence  in  the  solid  system  when  nothing 
has  been  proved  against  solids  that  the 
Polaris,  Pershing,  Scout,  Sergeant,  Nike- Zeus  and  Minuteman  have  not  continually 
disproved? 

Let's  put  our  teams  together  with  full 
steam  ahead.  We  will  be  more  proud  of  a 
team  effort  even  if  we  should  arrive  on  the 
Moon  second,  and  our  war  deterrence  will 
be  greater  than  ever. 

Durwood  White 
Thiokol  Chemical  Corp. 
Alpha  Division,  Huntsville  Plant Huntsville,  Alabama 



The  world's  smallest  satellite  has  been  developed  by  Space 
Technology  Laboratories.  Its  shape  will  be  different  from  all 
other  satellites  before  it.  STL  engineers  and  scientists  have 
used  a  tetrahedral  configuration  to  bring  about  some  remark- 

able characteristics  in  a  space  vehicle.  There  will  be  no  need 
for  batteries  nor  regulators  in  flight.  The  satellite  will  have 
no  hot  side,  no  cold  side.  It  will  require  no  attitude  control 
devices.  No  matter  how  it  tumbles  in  space  it  will  always 
turn  one  side  toward  the  sun  to  absorb  energy,  and  three 
sides  away  from  the  sun  to  cool  instrumentation  and  telem- 

etry equipment  inside.  It  can  perform  isolated  experiments 
in  conjunction  with  other  projects.  Or  it  can  be  put  into 
orbit  by  a  small  rocket  to  make  studies  of  its  own,  up  to  five 
or  more  separate  experiments  on  each  mission  it  makes. 

STL  is  active  on  hardware  projects  such  as  this  and  as  prime 
contractor  for  NASA's  OGO  and  an  entirely  new  series  of 
classified  spacecraft  for  Air  Force  —  ARPA.  We  continue 
Systems  Management  for  the  Air  Force's  Atlas,  Titan  and 
Minuteman  programs.  These  activities  create  immediate 
opportunities  in:  Space  Physics,  Radar  Systems,  Applied 
Mathematics,  Space  Communications,  Antennas  and  Micro- 

waves, Analog  Computers,  Computer  Design,  Digital 
Computers,  Guidance  and  Navigation,  Electromechanical 
Devices,  Engineering  Mechanics,  Propulsion  Systems, 
Materials  Research.  For  So.  California  or  Cape  Canaveral 
opportunities,  please  write  Dr.  R.  C.  Potter,  Dept.B-10,  One 
Space  Park,  Redondo  Beach,  California,  or  P.  O.  Box  4277, 
Patrick  AFB,  Florida.  STL  is  an  equal  opportunity  employer. 

SPACE  TECHNOLOGY  LABORATORIES,  INC. 
o  subsidiary  of  Thompson  Ramo  Wooldridge  Inc. 

Los  Angeles  •  Vandenberg  AFB  *  Norton  AFB,  San  Bernardino  •  Cape  Canaveral  •  Washington,  D.C.  •  Boston  •  Huntsville  •  Dayton 
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The  Countdown 

WASHINGTON 

Big  Solids  Briefing  This  Week 

Moment  of  decision  for  the  Air  Force's  big  solid-motor 
program  is  due  this  week  when  Secretary  of  Defense  Robert 
McNamara  and  NASA  Administrator  James  E.  Webb  are 
briefed  on  the  program.  NASA  is  pushing  for  a  program 
costing  about  $100  million  in  a  2-  to  2Vi-year  period. 
Small  segment  firings  of  156-in.  motor  and  about  three 
firings  of  a  260-in.  motor  would  be  included.  DOD  stil! 
favors  a  less  expensive  program  with  firings  of  a  one-third 
length  156-in.  motor  and  a  half-length  260-in.  unit.  How 
soon  RFP's  are  issued  will  depend  upon  whether  the  two 
top  officials  can  come  to  quick  agreement. 

ASP  Briefing  Scheduled 

Top  NASA  and  Air  Force  officials  are  to  be  briefed 
Sept.  24  on  technical  research  requirements  leading  to 
Aerospace  Plane.  It  is  likely  to  be  many  months,  however, 
before  the  technical  responsibilities  of  both  agencies  will  be 
detailed. 

President  Quick-Briefed  on  LOR 

NASA's  top  officials  counterattacked  swiftly  in  defense 
of  lunar  orbit  rendezvous  after  President  Kennedy  was  told 
on  his  recent  industry  tour  that  many  U.S.  space  experts 
were  unhappy  with  the  decision.  In  a  dramatic  mid-air 
briefing,  NASA  Administrator  James  Webb,  Moon  boss 
D.  Brainerd  Holmes  and  other  officials  convinced  both  the 
President  and  Vice  President  of  the  soundness  of  the  deci- 

sion. Tip-off  to  the  President  that  the  decision  was  being 
questioned  came  from  White  House  Science  Advisor  Dr. 
Jerome  Wiesner. 

AF  Chief  Misses  AFA  Meetings 
Absence  of  Air  Force  Chief  of  Staff  Curtis  LeMay  from 

the  Las  Vegas  meeting  of  the  Air  Force  Assn.  has  raised 
several  interesting  questions.  Among  them:  Was  he  ordered 
to  stay  in  Washington  because  he  was  ready  to  blow  his  stack 
on  the  issue  of  military  vs.  civilian  Pentagon  control?  Who 
issued  the  order?  Official  explanation  was  that  LeMay  had 
to  "mind  the  store." 

Soviet  Cape  Snoopers  Base  in  Cuba 
Russian  trawlers  carrying  electronic  gear  to  probe  firings 

from  Cape  Canaveral  now  are  based  in  Cuba.  Wholesale 
cancellation  of  a  number  of  missile  firings  on  Aug.  30 
might  have  been  due  to  their  presence  down-range. 

Atlas  Sites  Get  New  Firing  Control 
A  new  control  system  to  guard  against  accidental  firing 

is  programed  for  Air  Force  Atlas-F  installations.  The  pro- 
cedure requires  two  people  to  each  "turn  a  key"  within three  seconds  of  the  other  before  an  ICBM  can  be  launched. 

The  present  code-book  system  of  launch  signal  verification 
also  will  be  retained.  Each  book  covers  several  weeks  in 
six-hour  periods  to  permit  code  changing  after  every  period. 

Space  Station  Conflict  Seen 

A  new  NASA-Air  Force  clash  is  brewing  over  manned 
space  stations.  Both  agencies  want  one,  but  it  is  unlikely 
the  Administration  will  fund  two  programs.  A  showdown 
is  expected  next  year  when  Fiscal  '65  budget  requests  are 
prepared. 
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Houston  Center  Costs  Soar 

The  cost  of  NASA's  Manned  Space  Flight  Center  at 
Houston  continues  to  spiral  upward.  The  need  for  the  facil- 

ity was  sold  to  Congress  on  the  basis  of  a  $60-million  cost. 
Now  NASA  officially  admits  the  total  cost  will  exceed  $123 
million  and  could  reach  the  $200  million  level. 

Weather  Forecast:  14  Satellites 

If  almost  certain  joint  Commerce  Department/NASA 
approval  is  received,  a  total  of  14  Tiros  meteorological  satel- 

lites will  be  launched.  Six  have  so  far  been  launched  success- 
fully. NASA  will  fund  five  more,  and  Weather  Bureau 

satellite  operations  under  Dr.  S.  Fred  Singer  will  pay  for 
three  operational  craft. 

INDUSTRY 

Four  Firms  Picked  for  SPRINT  Studies 

Martin,  Douglas,  Lockheed  and  North  American  Avi- 
ation have  been  awarded  contracts  ranging  from  $300-$350 

thousand  to  perform  system  studies  for  the  SPRINT  anti- 
missile missile.  Awards  were  made  by  Bell  Telephone  Labora- 
tories, the  Army's  chief  technical  consultant  and  manager 

for  such  programs.  Component  development  will  be  a  prob- 
lem since  the  10,000  ft./sec.  missile  will  have  to  withstand 

140G  forces.  Douglas  is  said  to  have  the  inside  track. 

Corning  Hunts  New  Markets 
A  chemical  tempering  process  that  imparts  five  times  as 

much  strength  to  glass  than  previously  possible  is  spurring 
Corning  Glass  Works  into  a  search  for  missile/space  appli- 

cations. Strength  levels  up  to  100,000  psi  have  been  reached 
with  processed  J/4-in.  rods  and  considerable  flexibility 
achieved  in  flat  sheets,  the  company  says. 

Water  Test  Site  Unnecessary 

A  cutback  in  NASA's  water  test  requirements  has  ended 
plans  to  reactivate  a  Navy  test  installation  at  California's 
Salton  Sea.  The  site,  used  for  much  of  the  Mercury  program's 
parachute  recovery  system  development,  was  to  have  been 
reactivated  within  the  next  few  weeks. 

INTERNATIONAL 

New  Space  Plant  Planned  for  Bordeaux 

SNECMA,  the  French  nationalized  manufacturing  com- 
bine specializing  in  propulsion,  will  build  a  new  facility  in  the 

Bordeaux  area  of  southwest  France.  Plant  production,  ac- 
cording to  a  government  report,  will  be  devoted  to  space 

and  nuclear  projects.  A  staff  of  3000  is  planned. 

Blue  Water  Work  Continues 

Despite  cancellation,  work  on  Britain's  Blue  Water  mis- sile is  continuing.  Three  hundred  employees  still  are  turning 
out  fins  for  the  missile.  These  are  cut  and  planed  from  the 
solid  with  an  accuracy  of  0.001-in.  and  passed  to  inspectors 
who  carefully  examine  them.  After  that,  they  are  thrown 
on  the  factory  scrap  heap.  A  British  Aircraft  Corp.  spokes- 

man explains:  "It  is  better  for  the  men's  morale  if  they  are 
working."  The  program  was  cancelled  Aug.  10. 
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Pluto  Future  is  Dark 

Despite  Air  Force  and  Navy  sup- 
port, prospects  for  the  Pluto  nuclear 

ramjet  program  looked  dim  last 
week. 

Testimony  by  Dept.  of  Defense 
research  chief  Dr.  Harold  Brown  be- 

fore the  Joint  Committee  on  Atomic 
Energy  indicated  the  SLAM  (super- 

sonic low-altitude  missile)  program 
might  be  cancelled. 

Brown  said  DOD  was  withholding 
the  AF  $24-million  appropriation  for 
the  program.  A  decision  by  Secretary 
of  Defense  McNamara  is  expected 
next  month  during  review  of  the  FY 
'64  budget. 

Brown  was  evasive  on  the  proj- 
ect's prospects.  Under  questioning  by subcommittee  members,  he  indicated 

Tory  2-C  reactor  tests  will  continue 
for  some  time  but  little  money  will 
be  available  for  development  of  a 
flight  vehicle  or  flight  reactor  tests. 

Industry  observers  concluded 
from  Brown's  lack  of  support  that he  would  recommend  cancellation  to 
McNamara. 

Fred  Payne,  deputy  to  the  DOD 
research  director,  listed  three  alter- 

natives for  achieving  low-altitude 
penetration : 

•  A  maneuvering  re-entry  sys- 
tem for  ballistic  missiles. 

•  A  chemically-propelled  shorter- 
range  low-altitude  cruise  missile, 
either  sea  or  air-launched. 

•  An  advanced  manned  aircraft 
system  with  low  altitude  penetration 
capability. 

Brown  admitted  these  merely 
were  concepts. 

Shots  of  the  Week 
•  The  100th  Atlas  to  be  launched 

from  Cape  Canaveral  was  success- 
fully fired  5000  miles  downrange 

Sept.  19.  The  missile — an  F  model — 
ejected  two  cameras  from  a  capsule 
five  seconds  after  lift-off.  It  carried 
with  it  a  capsule  of  unidentified  sci- 

entific instruments,  as  well  as  a  nose 
cone  cassette  for  flight  recording  and 
two  other  camera  capsules. 

No  attempt  was  made  to  recover 
the  scientific  package. 

AUTOCOLLIMATION 
with 

KERN  DKM2  and  DKM3 

THEODOLITES 

MAXIMUM 

POINTING  ACCURACY 

MAXIMUM 

READING  ACCURACY 

TOP  EFFICIENCY 

IN 

OPTICAL 

TOOLING 

KERN  INSTRUMENTS,  INC. 
FUNDAMENTAL  SURVEYING  EQUIPMENT 

1      111  BOWMAN  AVENUE,  PORT  CHESTER,  N.  Y. 

LATEST  Nike-Zeus  configuration  shows 
blunter  control  surface  near  nose  of  missile. 

•  Tiros  VI  was  boosted  into  orbit 
Sept.  18.  (See  page  29.) 

•  Skybolt,  encountering  develop- 
mental problems,  was  destroyed  by 

the  range  safety  officer  Sept.  13  after 
veering  off  course  over  Cape  Canav- 

eral. Third  flight  of  the  two-stage 
solid-propellant  missile  was  as  dis- 

appointing as  the  first  two,  which 
ran  into  igniter  problems.  Latest 

problem  was  reportedly  a  relay  "ran- 
dom failure."  The  missile  is  also  re- 

ported to  have  autopilot  trouble,  but 
it  is  not  known  if  the  latest  failure 
was  caused  by  autopilot  malfunction 
or  if  the  guilty  relay  was  in  another 
part  of  the  vehicle. 

•  Another  secret  satellite  was 
launched  from  Vandenberg  AFB, 
California,  by  a  Thor-Agena  B  booster 
Sept.  17. 

•  An  operational  -  configuration 
Minuteman  from  Wing  #1,  complete 
except  for  warhead,  was  fired  from 
Cape  Canaveral  Sept.  18  on  a  "highly 
successful"  flight  more  than  3000 miles  down  range. 

Mariner  II  Picks  Up  Speed 

By  noon  Sept.  24,  Mariner  II  is 
expected  to  be  4,561,879  miles  from 
the  Earth  and  moving  at  a  somewhat 
faster  speed  than  before,  NASA  esti- 

mates predicted. 
Venus  fly-by  of  the  spacecraft  is 

still  scheduled  for  Dec.  14. 
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New  Astronauts  Named 

NASA  officials  announced  selec- 
tion of  nine  new  astronauts  Sept.  17 

and  indicated  five  to  ten  more  would 
be  needed  to  round  out  Project  Apollo 
pilot  requirements. 

The  three  Navy,  four  Air  Force 
and  three  civilian  pilots  will  serve  in 
Project  Gemini  and  perhaps  will  com- 

pose the  first  U.S.  lunar  landing  team. 
New  astronauts  are:  Neil  Arm- 

strong, 32,  Wapakoneta,  Ohio,  a  vet- 
eran civilian  test  pilot  for  NASA  on 

the  X-15;  AF  Maj.  Frank  Borman, 
34,  Gary,  Ind.;  Navy  Lt.  Charles 
Conrad,  Jr.,  32,  Philadelphia;  Navy 
Lt.  Cmdr.  James  A.  Lovell,  34,  Cleve- 

land; AF  Capt.  James  A.  McDivitt, 
33,  Chicago;  Elliott  M.  See,  Jr.,  35, 
Dallas,  civilian  experimental  test 
pilot  for  General  Electric  Co.;  AF 
Capt.  Thomas  P.  Stafford,  32,  Wea- 
therford,  Okla. ;  AF  Capt.  Edward  H. 
White,  n,  32,  San  Antonio,  Tex.; 
Navy  Lt.  Cmdr.  John  W.  Young,  32, 
San  Francisco. 

Nova  Bidders  Listed 

Fifteen  firms  are  bidding  for  the 
Nova  launch  facility  study  contract 
to  be  awarded  Oct.  1.  They  are: 

Aerojet  General;  American  Ma- 
chine &  Foundry  Co. ;  Bechtel  Corp. ; 

Chrysler  Corp.;  Brown  Engineering 
Co.;  Daniel,  Mann,  Johnson  &  Men- 
denhall;  Douglas;  Martin  Marietta; 
Rust  Engineering ;  Westinghouse 
Electric  Co.;  Vitro;  Lumnux  Co.; 
Lockheed  Aircraft  Corp.;  Catalytic 
Construction  Co.;  and  Holmes  & 
Narver. 

SAC  Gets  Atlas  F  Silos 

The  first  operational  Atlas  F  silo 
complex — worth  $150  million — was 
turned  over  to  the  Strategic  Air 
Command  at  Salina,  Kans.,  Sept.  11. 

Bids  Asked  at  Cape 
The  Corps  of  Engineers  has  called 

for  bids  to  be  opened  Oct.  10  on  con- 
struction of  a  two-story  concrete 

block  missile  lab  to  be  used  by  the 
Air  Force  and  NASA. 

The  building,  to  be  located  at 
Cape  Canaveral,  will  contain  19,950 
sq.  ft.  of  floor  space. 

Complex  12  Changes  Set 
Three  major  space  programs  are 

scheduled  to  move  into  Cape  Canav- 
eral Complex  12  following  its  nine- 

month  remodeling  job  (M/R,  Sept. 
10,  p.  11). 

NASA  officials  said  the  Orbiting 
Geophysical  Observatory  (OGO),  Or- 

biting Astronomical  Observatory 
fOAOJ  and  Project  Fire  will  be 
launched  from  the  pad  now  used  for 
Ranger  and  Mariner  shots. 

missiles  and  rockets,  September  24,  1962 

GENISGO 

ACCELERATION 

TEST 

EQUIPMENT 
THE  WORLD'S  MOST  COMPLETE  LINE 

GENISCO  ELECTRONICALLY 
CONTROLLED  931  SERIES 
and  others  of  its  class  present 
the  most  accurate  method  of 
testing  inertial  guidance  sys- tems in  the  G  environments 
in  which  they  must  later 
function.  The  931  operates 
at  any  number  of  discrete 
points  within  its  range,  while 
maintaining  a  spatially  stable 
platform  for  the  test  object. 
Range:  0.5  to  20  G  (higher 
available).  Radius  of  rotation: 
24".  Capacity  25  pounds, 12"  cube. 

COMPLETER 

GOMPLETEST 

ELECTRONICALLY  CONTROLLED  460  SERIES  is  fast  becoming  the 
military's  standard  of  accuracy  for  predicting  ballistic  and 
satellite  trajectories.  Active  radius:  100".  Acceleration  range: 0.25  to  25  G.  Payload:  400  lb. 
HEAVY-DUTY  1200  SERIES,  rugged  but  precise,  is  available  with 
hydraulic  or  electronic  controls.  Later  models  feature  accuracy 
within  0.1%  at  any  speed  setting  from  1  to  250  G.  Speeds:  to 
600  rpm.  Radii  to  54".  Capacity:  150  lbs.  dead  weight,  and 
20,000  G-lbs. 
MODEL  E185  CENTRIFUGE  has  a  range  from  1  to  100  G  at 
72"  radius  (20  to  180  rpm)  infinitely  variable.  Capacity:  300-lb. 
payload  on  each  end  of  boom,  or  30,000  G-lbs.  Accuracy:  within 
0.5%  at  any  speed  setting  within  range  over  one-minute  period. 
MODEL  C181  RATE-OF-TURN  TABLE.  Simplicity,  repeatability, 
and  versatility  make  the  C181  ideal  for  accurate  production-line 
testing  and  calibration.  Tilts  to  any  angle.  Doubles  as  a  precise 
low-G  centrifuge.  Variable  range,  0.01  to  1200  rpm.  Capacity:  100 
lbs.  dead  weight. 

STANDARD  &  CUSTOM.   Genisco's  extensive  line  includes  dual  tables. 
C181      precision  units,  large  production  centrifuges,  and  R&D  units  not  shown here.  Custom  equipment  also  available.  Write  for  details. 

G enisco NCORPORATED 
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Fiscal  '64  budget . 

Space  Program
  Set  at  $7  Bi

llion 

Kennedy  Administration  postpone
s  ma/or  military 

space  spending;  NASA  budget
  continues  to  bu,ld 

THE  KENNEDY  ADMINISTRA- 

TION is  preparing  a  total  FY  '64  space 
budget  of  about  $7  billion— thus  putting 
off  a  major  U.S.  military  space  program 
for  at  least  another  year. 

While  discussions  among  government 

agencies  will  continue  until  the  budget 

is  finalized  in  November,  an  administra- 
tion official  reports  that  the  total  will 

not  rise  much  above  that  figure. 
This  is  well  below  earlier  estimates 

that  funding  in  the  next  fiscal  year 
would  hit  $8  billion  or  more. 

Although  30%  above  current  fiscal 

space  funding  of  $5.4  billion,  the  in- 
crease does  not  represent  a  crash  pro- 

gram in  either  the  civilian  or  military 
area. 

•  Air  Force  disappointed — Hardest 
hit  is  the  Air  Force  hope  for  a  far 

greater  space  role.  The  official  said  that 
the  military  space  budget  will  go  to 
about  $2  billion,  one  third  higher  than 

FY  '63  funding  of  $1.5  billion.  In  re- 
cent years,  however,  the  military  budget 

has  doubled  from  year  to  year. 
NASA  is  not  getting  all  that  it 

wants,  either.  The  space  agency  re- 
quested approval  of  a  budget  of  up  to 

$6  billion,  but  it  is  unlikely  the  admin- 
istration will  approve  much  over  $5  bil- 

lion. The  two  other  federal  agencies 

with  space  programs,  the  Atomic 

Energy  Commission  and  the  Weather 
Bureau,  will  get  a  total  budget  of  $200 
to  $300  million. 

Showdown  Nears  on  Anti-tank  Missil
es 

TWO  ARMY  anti-tank  missiles, 
Shillelagh  and  TOW,  are  heading  for 
a  technical  showdown  in  which  only 
one  system  is  likely  to  survive. 

Although  Shillelagh  has  been 
under  development  for  almost  three 

years,  some  Army  project  officials 
feel  TOW  may  offer  technical  and 
tactical  advantages  which  would 
doom  the  older  project. 

Others  anticipate  a  cancellation 
of  TOW.  One  high  Army  official  has 
described  a  recent  Shillelagh  firing  as 

"spectacular." 
Last  month,  the  Army  conducted 

TOW  feasibility  tests  at  Aberdeen 
Proving  Ground,  including  firing 
tests  of  feasibility  models  of  three 
contractors  —  Hughes  Aircraft  Co., 
Martin  Co.,  and  McDonnell  Aircraft 

Corp.  Based  on  the  results  of  these 
tests,  the  Army  awarded  Hughes  a 
contract  for  further  feasibility  work. 

Approval  for  a  development  pro- 
gram has  not  been  given,  Army  of- 
ficials stress.  Work  being  conducted 

now  is  to  determine  if  one  system 
can  fullfill  the  dual  mission  outlined 
for  TOW.  These  missions  visualize 
an  infantry  support  system  mounted 
on  V4-ton  class  vehicles  and  an 
armor-mounted  anti-tank  system. 

Shillelagh  was  particularly  de- 
signed to  fit  the  latter  role  by  mount- 

ing on  the  M-60  tank.  However,  the 

program  is  now  far  enough  behind 
schedule  to  preclude  this  possibility. 

Evaluation  of  the  two  systems, 
will  be  exclusively  on  technical  merit 
and  will  include  hardware  tests,  not 

just  paper  exercises.  Despite  reports 
to  the  contrary,  Army  officials  insist 
there  has  been  no  political  pressure  in 
the  TOW  program. 

•  Gilpatric  Memo  Puzzling — Al- 
though most  of  the  information  on 

the  TOW  program  is  classified  con- 
fidential or  higher,  Army  officials  re- 

fuse to  discuss  any  aspect  of  the  pro- 
gram. Elementary  questions  on  the 

types  of  targets  TOW  would  engage, 
the  need  for  such  a  system  and  even 
the  full  name  of  the  system  for  which 

TOW,  is  an  acronym  (a  tube- 
launched,  optically-tracked,  wire- 
guided  missile)  cannot  be  discussed. 

Part  of  the  Army's  reluctance  to 
discuss  the  system  undoubtedly  stems 
from  a  memorandum  from  Deputy 

Secretary  of  Defense  Roswell  Gil- 
patric specifically  forbidding  any  dis- cussion of  the  feasibility  contract 

with  Hughes. 
TOW  is  an  in-house  Army  pro- 

gram, resulting  from  supporting  re- 
search done  by  the  Ballistic  Research 

Laboratories  at  Aberdeen  Proving 

Ground.  Shillelagh  is  under  develop- 
ment by  the  Aeronutronic  Div.,  Ford 

Motor  Co. 

by  Hal  Taylor 

If  the  $2-billion  DOD  space  budget 

is  finally  approved,  it  will  be  virtually 
impossible  for  the  Air  Force  to  initiate 
any  new  military  space  development. 

A  large  part  of  the  increased  funds 
will  necessarily  be  devoted  to  the  devel- 

opment of  the  Titan  III  launch  vehicle. 
Its  total  cost,  according  to  DOD,  will  be 
$808  million,  with  about  $200  million 
available  in  the  current  fiscal  year.  With 
a  late  '64  flight  test  target  date,  a  large 
part  of  the  remaining  development 
funding  will  have  to  come  from  the  FY 
'64  budget. 

Increased  fiscal  '64  funding  will  also 
be  needed  for  DOD's  two  communica- 

tions satellite  projects:  high  altitude  and 
random. 

Air  Force  also  is  pressing  strongly 

for,  and  may  win,  approval  of  prelimi- 
nary feasibility  studies  and  perhaps  a 

program  definition  competition  for  a 
manned  orbital  development  station. 

Lesser  amounts,  but  still  represent- 
ing increases  over  '63,  probably  will  be 

spent  for  SPADATS,  operation  of  a 
navigational  satellite  system  —  particu- 

larly retrofitting  of  Polaris  subs  and  ex- 
tension of  the  system  to  high-priority 

surface  ships,  increased  development  ef- 
fort on  the  "re -oriented"  MIDAS  pro- 

gram and  operation  and  improvement 
of  SAMOS. 

•  Dyna-Soar  stymied  —  The  Air 
Force's  continuing  frustration  in  the 
military  space  area  is  sharply  illustrated 
by  its  inability  to  expand  the  Dyna-Soar 
program.  In  FY  '63,  DOD  requested 
appropriations  of  $115  million  for  the 
manned  spacecraft  scheduled  for  flight 
testing  in  1965. 

Congress  was  not  satisfied  with  the 
size  of  that  effort  and  voted  DOD  $42 
million  in  additional  funds.  Although 
first  balking  at  spending  the  money, 
DOD  officials  have  recently  indicated 
they  will  use  half  that  amount,  bringing 
FY  '63  total  to  $136  million. 

For  FY  '64,  however,  DOD  has 

again  requested  funding  of  only  $115 million. 

Reduction  in  the  NASA  request  is 

not  expected  to  harm  the  U.S.  manned 
lunar  landing  program.  Space  agency 

officials  earlier  indicated  their  willing- 
ness to  settle  for  a  FY  '64  budget  of $4.5  to  $5  billion. 
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excludes  hardware  bidding . . . 

IT&T  ComSat  Contract 

Still  Leaves  Loopholes 

Legal  experts  see  escape  clauses 

as  still  subject  to  interpretation 

by  James  Trainor 

DEPT.  OF  DEFENSE  contract 
with  International  Telephone  and  Tele- 

graph Corp.  for  systems  engineering  and 
technical  advice  on  communications 
satellite  programs  excludes  IT&T  from 
bidding  on  ComSat  hardware. 

Industry  legal  experts  report,  how- 
ever, that  last  week's  contract  is  not  as 

exclusive  or  restrictive  as  initially  re- 
ported. 

Although  the  pact  precludes  IT&T 
from  bidding  "on  any  of  the  hardware 
directly  associated  with  the  satellite  or 
with  ground  equipment  directly  related 
to  the  satellite,"  it  includes  at  least  three 
important  escape  clauses.  Enumerated 
in  Section  3  of  the  contract,  these  are: 

—Products  or  processes  developed 
prior  to  signing  of  the  contract  will  not 
be  included  in  the  exclusion  terms. 

—  Companies  acquired  by  IT&T  that 
produce  equipment  usable  in  a  satellite 
communications  system  will  still  be  able 
to  bid  for  hardware  contracts. 

—Finally,  hardware  can  be  procured 
by  the  government  from  IT&T  for  com- 

munications satellite  systems  upon  de- 
termination by  the  director  of  the  De- 

fense Communications  Agency  that  it 
is  in  the  best  interests  of  the  government 
to  do  so. 

•  A  Willing  Seller— The  $12.2-mil- 
lion,  four-year  contract  is  designed  to 
meet  the  criticism  voiced  by  the  Bell 
report  on  government  R&D  contracting 
— specifically  the  conflicts  of  interest 
arising  when  contractors  provide  tech- 

nical advice  on  government  programs 
and  later  bid  for  hardware  development 
contracts  on  the  same  programs. 

The  Office  of  the  General  Counsel  is 
preparing  a  regulation  spelling  out  pro- 

cedures to  be  followed  in  future  "hard- 
ware exclusion"  contracts.  However,  the 

IT&T  contract,  a  defense  official  em- 
phasized, although  reviewed  by  the  Gen- 

eral Counsel's  office,  does  not  neces- 

sarily represent  the  restrictions  that  will 
be  imposed  by  the  new  regulation. 

In  awarding  the  DCA  contract  to 
IT&T,  the  Defense  Department  had  no 
definitive  authority  but  acted  on  the 

principle  of  a  "willing  buyer  and  a 
willing  seller."  To  find  a  "willing  seller," 
however,  DOD  had  to  approach  "more 
than  four"  qualified  firms. 

Although  defense  spokesmen  were 
reluctant  to  admit  it,  all  these  firms  re- 

jected the  DOD  proposition.  The  basis 
of  industry's  lack  of  enthusiasm  appar- 

ently was  the  "hardware  exclusion" clause  of  the  contract. 
•  IT&T's  Role  Defined— Under  the 

re-oriented  and  now  nonexistent  Ad- 
vent program,  the  Defense  Communica- 
tions Agency  is  charged  with  integration 

and  compatibility  of  both  the  space- 

AF  Space  Station 
Air  Force  plans  for  a  manned 

orbital  space  station  call  for  an  erect- 
able  two-man  structure  with  a  life- 

time measured  in  months,  it  was  dis- 
closed last  week.  Booster  would  be 

the  Titan  HI,  permitting  the  maxi- 
mum weight  of  the  orbital  vehicle  to 

be  from  25,000-30,000  lbs. 
For  the  station  to  become  opera- 

tional in  1966-67,  development 
would  have  to  be  initiated  within  the 
next  calendar  year. 

This  is  on  the  same  high-priority 
time  schedule  with  more  elaborate 
NASA  plans  for  a  175,000  lb.,  self- 
erectable  structure  capable  of  sus- 

taining a  crew  of  20-36  for  extended 
periods  of  time.  Booster  for  the 
NASA  station  would  be  the  Ad- 

vanced Saturn. 
Neither  NASA  nor  Air  Force 

has  an  approved  program.  Both 
agencies  are  placing  increased  em- 

phasis on  their  space  station  require- 
ments, with  decisions  on  the  fiscal  '64 

budget  to  be  made  within  the  next 
several  months. 
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borne  and  ground  electronics.  The  Air 
Force  is  responsible  for  satellite  portions 
of  the  communications  satellite  pro- 

grams, while  the  Army  is  to  provide  the 
ground  systems. IT&T  will  assist  DCA  in  the  staff 

planning  required  to  insure  compatibil- 
ity of  the  spaceborne  and  ground  elec- 

tronics as  well  as  integration  of  the 
complete  system  with  existing  military 
communications  networks.  This  will  in- 

clude providing  systems  engineering  and 
technological  advice  to  DCA. 

Federal  Laboratories  of  IT&T — the 
research  and  manufacturing  division  of 
the  corporation's  U.S.  Defense  Group — will  handle  the  contract  with  support 
from  three  other  IT&T  divisions:  Com- 

munications Systems  Systems,  Inc.;  In- 
ternational Electric  Corp.  and  Kellogg. 

Over-all  director  of  the  program  will  be 
Dr.  William  M.  Duke,  president  of  Fed- eral labs. 

A  special  systems  engineering  and 
technical  advice  center  will  be  opened 
in  Arlington,  Va.,  to  insure  a  close 
working  relationship  with  DCA  in 
Washington. 

•  Situation  Normal:  Confused — On 
Sept.  S,  Secretary  of  Defense  McNa- mara  signed  a  memorandum  approving 
the  DCA  plan  for  organizing  and  con- 

ducting its  portion  of  the  ComSat  pro- 
gram. Classified  confidential,  the  memo 

calls  for  a  new  deputy  director  of 
DCA  with  two-star  rank  to  head  the 

program. Strong  emphasis  was  placed  on  the 
fact  that  this  man  would  not  be  the 
program  manager.  Although  severely 
criticized  for  a  lack  of  central  direction 
in  the  Advent  program  by  Congressional 
committees,  defense  officials  still  stoutly 
maintain  that  its  ComSat  programs  do 
not  need  a  program  manager. 

A  program  of  requirements — out- 
lining the  minimum  essential  require- 
ments for  circuitry  and  channels  be- 
tween geographical  points  —  has  been 

formulated  by  the  Joint  Chiefs  of  Staff, 
a  defense  spokesman  said,  and  will 
provide  the  basis  for  a  program  defini- 

tion phase  later  this  year. 
Development  contracts  for  the  two 

communications  satellite  systems  will 
not  be  concluded  with  industry  until 
early  next  year,  the  official  revealed. 
Following  the  Advent  re-orientation,  the 
same  defense  official  estimated  that  re- 

quests for  proposals  would  go  out  to 
industry  "within  the  very  near  future." 
The  optimism  of  last  Ma}'  was  denied 
last  week. 

The  feeling  that  "there  are  too  many 
fingers  in  the  pie"  was  privately  con- 

firmed by  one  defense  official  after  the 
IT&T  announcement.  As  he  explains  it, 
there  is  no  end  in  sight  to  the  prolifera- 

tion of  agencies  and  contractors  in- 
volved in  the  ComSat  program.  " 
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from  subcommittee  hearings  .  .  . 

AEC  Emerges  as  New  Space  Agency 

Commission  given  responsibility  for  SNAP-50/SPUR  development 

THE  ATOMIC  ENERGY  COM- 
MISSION emerged  as  a  new  space 

agency  during  hearings  held  Sept.  13 
and  14  by  a  subcommittee  of  the  Joint 
Committee  on  Atomic  Energy. 

This  became  evident  when  govern- 
ment witnesses  testified  that  tentative 

agreement  had  been  reached  giving 
AEC  responsibility  for  developing  high- 
power  nuclear-electric  systems  for  space 
vehicles. 

First  system  involved  is  SNAP-50/ 
SPUR,  planned  for  operation  early  in 
1970. 

Direct  result  of  the  agreement  is  that 
NASA  and  the  military  will  have  to 
include  the  AEC  as  a  full  partner  when 
advance  plans  are  drawn  for  developing 
spacecraft  needing  large  amounts  of 
electrical  power. 

Indirect  result  is  that  the  AEC  prob- 
ably will  start  analyzing  spacecraft  and 

missions  in  order  to  hold  its  own  at 
the  conference  table  with  spacecraft 
users. 

•  Controversy  settled  —  Agreement 
among  the  agencies  has  come  hard 
(M/R,  July  23,  p.  12;  Feb.  19,  p.  12). 
AEC,  NASA  and  AF  for  the  past  year 
have  engaged  in  a  three-way  tug-of-war 
with  each  agency  seeking  management 
responsibility  for  developing  the  space 
nuclear-electric  system  nominally  rated 
at  300  KWe.  AF  called  its  system  SPUR 
(Space  Power  Unit  Reactor);  AEC,  the 
SNAP-50  project;  and  NASA,  "an  ad- 

vanced development." Winner  of  the  contest  would  be 
assured  of  getting  facilities  and  experi- 

ence that  would  play  a  major  part  in 
the  future  U.S.  space  effort.  Realizing 
this,  each  participant  was  temporarily 
satisfied  to  hold  its  ground  until  it  could 
build  a  strong  nuclear  space  technology. 

Congressional  pressure,  however, 
forced  the  present  decision.  Though 
AEC  is  happy  with  it,  many  NASA  and 
AF  officials  at  the  working  level  are 
disappointed.  While  still  holding  that 
user  agencies  should  develop  their  own 
powerplants,  they  nevertheless  say  they 
will  do  their  best  to  help  AEC  develop 
what  is  now  called  SNAP-50/SPUR. 

This  space  nuclear  powerplant  is  a 
turbogenerator  system  operating  under  a 
Rankine  cycle.  Lithium  will  cool  the 
reactor;  potassium  vapor  will  drive  the 

by  William  Beller 

turbine  and  generator  in  the  conversion 
equipment.  Working  temperatures  in 
the  system  will  be  about  2000°F  com- 

pared with  the  maximum  temperature 
of  1300°F  for  the  SNAPS  30-kw  to 
60-kw  system. 

•  SNAP-50/SPUR  missions — There 
was  never  any  doubt  that  Congress 
would  have  to  take  a  hand  in  settling 
the  management  conflict.  If  continued, 
it  would  have  delayed  development  of 
future  generations  of  vital  spacecraft. 
During  current  hearings  held  by  the 
Joint  Committee's  Subcommittee  on  Re- 

search and  Development,  Dr.  Harold 
Brown,  Director  of  Defense  Research 
Engineering,  testified  that  AF  has  a 
potential  requirement  for  electrical 
power  in  the  range  of  SNAP-50/ SPUR — 300  kw  to  1  mw. 

"Possible  uses  are  in  radar  surveil- 
lance and  mapping,  high-powered  com- 

munications and  electronic  counter- 
measures,  or  electrical  propulsion  for 

Highlights  of  Hearings 
•  "Approximately  $24  million  of 

our  Fiscal  1963  budget  will  be  de- 
voted to  research  and  technology  de- 

velopment for  .  .  .  high-power  nu- 
clear-electric systems.  This  sum  .  .  . 

does  not  include  $20  million  for  our 
SNAPS  system  work  .  .  .  We  are 
planning  major  commitments  for 
stage-test  facilities  at  the  Nuclear 
Rocket  Development  Station  [Jackass 
Flats,  Nev.]  in  FY  '63."  (James Webb,  NASA  administrator). 

•  "Because  of  reduction  in  the 
payload  capability  of  the  Centaur 
due  to  technical  development  prob- 

lems, the  amount  of  instrumentation 
that  can  be  installed  in  Surveyor  and, 
therefore,  the  amount  of  power  re- 

quired will  be  reduced  .  .  .  Solar-cell 
systems  will  be  used  in  Surveyor 
first  flights."  (Hugh  Dryden,  Deputy NASA  administrator). 

•  "We  have  established  a  space- 
power  program  at  Oak  Ridge  to  de- 

velop a  nuclear-electric  power  plant 
in  the  100  to  300  KWe  range." 
(Frank  Pittman,  AEC  director  of  re- 

actor development). 

orbital  station-keeping  or  maneuvering," 
Brown  said.  Noting  that  the  Air  Force 
is  trying  to  develop  electric-propulsion 
devices,  he  said,  "I  think  this  is  the 

principal  military  use." Brown  said  NASA  is  also  interested 

in  space  power  units  of  SNAP-50/ 
SPUR  size  as  well  as  those  in  the  multi- 
mw  range  for  deep-space  exploration. 
He  agreed  with  other  witnesses  that  only 
nuclear  energy  can  supply  100-kw 
power  for  extended  periods. 

Brown  observed  that  DOD  and 
NASA  have  similar  interests  in  space- 
power  and  that  AEC  has  unique  capa- 

bilities and  responsibilities  in  the  nuclear 

field.  He  suggested  that  "the  relation- 
ship of  NASA  and  DOD  with  AEC  in 

such  development  should  be  as  nearly 

identical  as  possible." He  further  suggested  that  until 
NASA  or  DOD  has  a  requirement  for 

a  particular  space-power  unit,  "research and  development  on  all  components  of 
the  SPUR/ SNAP-50  project  should  be 
the  prime  responsibility  of  AEC,  and 
the  bulk  of  the  funding  should  be  pro- 

vided by  the  commission." With  the  exception  of  a  decision  on 
funding,  Brown's  two  suggestions  were embodied  in  the  tentative  agreement 
reached  by  DOD,  NASA  and  AEC  for 
management  of  SNAP-50/ SPUR. Other  Brown  recommendations  still 
open  for  negotiation :  ( 1 )  AF  and 
NASA  should  continue  general  compo- 

nent development  in  conversion  equip- 
ment; (2)  AEC  should  assign  specific 

supporting  power-conversion  work  to 
AF. 

•  AEC  funding  for  space  —  Evi- 
dence of  AEC's  impending  role  as  a 

space  agency  can  be  seen  in  its  burgeon- 
ing space  budget — about  $80  million  in 

FY  '61;  $200  million  FY  '63.  These 
funds  cover  operating  costs  and  con- 

struction obligations  for  the  SNAP  nu- 
clear power-source  program,  ROVER 

nuclear  rocket  project,  PLUTO  nuclear- 
ramjet  propulsion  system,  and  aerospace 
safety  program.  Thus  the  budget  reflects 
costs  of  R&D,  device  fabrication  and 
test  operations  plus  related  development 
and  construction  of  test  facilities. 

If  AEC  is  given  money  to  pay  for 
most  of  the  SNAP-50/ SPUR  develop- 

ment, as  Dr.  Brown  recommends,  at 
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least  S300  million  most  be  added  to  the 

agency's  budget  over  about  10  years. 
This  is  a  conservative  cost  figure  re- 

cently proposed  to  AEC  by  an  AF-AEC 
scientist  team. 

A  Congressman  on  the  House  Space 
Committee  familiar  with  escalating  costs 
of  military  space  projects  subsequently 
predicted  costs  would  be  doubled. 

Brown  supported  the  Congressman's prediction  by  testifying  that  costs  would 
be  "comparable"  to  those  of  the  now- 
dead  Aircraft  Nuclear  Propulsion  proj- 

ect— more  than  $1  billion. 
•  Details  of  agreement — AEC  Com- 

missioner Leland  J.  Haworth  told  the 
sub-committee  that  the  AF  and  NASA 
had  reached  agreement  with  the  AEC 
on  "program  objectives,  technical  con- 

cepts, development  philosophy  and  man- 
agerial approach  for  SNAP-50/ SPUR." When  Brown  testified  later,  he  said  the 

agreement  was  still  in  draft.  But  he  did 
not  indicate  any  problem  getting  it 
signed;  nor  did  any  NASA  witness. 

"During  the  research  and  component 
development  phase  of  SNAP-50,  AEC 
will  be  responsible  for  development  of 
the  power  unit  and  for  integration  of 
the  reactor  and  non-nuclear  components 
into  a  workable  system,"  Haworth  said. 
"Program  management  will  be  accom- 

plished through  a  SNAP-50/ SPUR  proj- 
ect office,  responsible  to  the  AEC;  this 

office  will  be  headed  by  an  AF  officer, 
selected  by  the  three  agencies,  who  will 
report  to  our  Division  of  Reactor  Devel- 

opment." Haworth  explained  that  the  project 
manager  will  have  an  AF  and  a  NASA 
deputy  to  help  carry  out  SNAP-50/ 
SPUR  development  and  to  provide  nec- 

AEC  FUNDING  OF  SNAP,  PLUTO,  ROVER  &  AEROSPACE  SAFETY 
Operating  Costs  and  Construction  Obligations 

(millions  of  dollars) 
Cumulative 

FY  Cong 

essional Budget Cumulative through 
through 

FY  '60 

'61 
'62 

'63 

FY  '63 

SNA
?  

Radi  o  isotopes 9  0 

2  7 

46 3  2 
19.5 

Reactor  Units 
19.3 

16.1 
39.5 

44.8 119.7 
Advanced  Space 0 3.9 17.5 34.8 56.2 

TOTAL  SNAP  FUNDING 28.3 22.7 61.6 82.8 195.4 

Pluto: 46.1 24.8 31.6 29.0 
131.5 

Rover: 
83.4 

33.8 66.7 84.8 268.7 
Aerospace  Safety: 0 0.2 

2.0 

5.3 7.5 
OVER-ALL  TOTAL 157.8 

81.5 
161.9 

201.9 603.1 

essary  liaison  with  the  nuclear  electric- 
power  programs  of  their  own  agencies. 

The  proposed  organization  chart 
shows  the  deputies  with  no  line  author- 

ity within  AEC.  In  effect,  the  represen- 
tatives are  consultants  to  AEC. 

On  the  other  hand,  the  project  man- 
ager— though  an  AF  officer — is  respon- 
sible completely  to  AEC.  He  has  strong 

line  authority  but  at  the  same  time  is 
submerged  two  administrative  layers  be- 

low Frank  K.  Pittman,  AEC  director  of 
reactor  development.  This  is  worrisome 
to  some  AF  officials  who  fear  AF  needs 
may  be  buried  in  red  tape. 

•  Problem  areas — There  is  no  sign 
that  either  AF  or  NASA  personnel  will 
try  to  buck  the  agreement  once  it  is 
signed.  The  attitude  is,  "If  Brown  (or 
Webb)  says  it's  okay,  we'll  go  along." Still,  they  foresee  serious  problems 
if  the  AEC: 

—Fails  to  design  what  the  user 
agency  wants. 

—Decides  on  specifications  not  opti- 
mum for  the  user  agency. 

—  Rejects  "experienced"  contractors 
to  give  the  work  to  favored  concerns. 

This  last  point  is  a  sensitive  one  with 
AF  officers  who  feel  that  AEC  signed  a 
negotiated  contract  with  Pratt  &  Whit- 

ney to  build  the  SNAP-50  reactor  sim- 
ply as  a  face-saving  device  for  the  old 

ANP  program.  "Aerojet — the  more  ex- perienced contractor  through  its  SPUR 
work — was  lost  to  the  program,"  an  AF 
officer  complained. 

An  Aerojet  official  admitted  to  M/R 
that  a  good  case  could  be  built  for  giv- 

ing P&W  the  SNAP-50  job.  "Still,  AEC should  have  at  least  listened  to  the 

Aerojet  story,"  he  said. Regardless  of  the  managerial  set-up 
those  involved  say  they  will  do  then- 
best  to  make  the  SNAP-50/ SPUR  pro- 

gram successful.  Some  of  them,  how- 
ever, wonder  wistfully  where  the  Con- 

gressional space  committees  and  the 
armed  services  committees  were  when 
the  Joint  Committee  gave  its  blessings 
to  AEC's  managing  the  next  generation 
of  nuclear  space  power  plants.  tt 

SEGMENT  OF  AEC  ORGANIZATION  CHART 
SHOWING  PRESENT  SNAP  OFFICES 

DIRECTOR  OF  REACTOR DEVELOPMENT 
Frank  K.  Pittman 

ASSOCIATE  DIRECTOR 
FOR  ADVANCED  SYSTEMS Nelson  Sievering 

SNAP  PROGRAM  MANAGER Richard  L  Kirk 

Reactor  SNAP 
Projects  Office Canoya  Park 

Isotopic 
Projects 

Chicago 
Operations  U Office 

Contractors, 
Atomics 
international 

New  York 
Operations Office 

1 1 — 1  1 

SNAP-50 Project  Office CAN  EL 

Pratt  &  Whitney 

Line  Authority 
m  i  i  inn  Administrative  Support 

PROPOSED  CHANGES  IN  AEC  ORGANIZATION 
FOR  SNAP-50/SPUR  OFFICES 

SNAP  PROGRAM  MANAGER 
Richard  L.  Kirk 

SNAP-50,' SPUR Project  Manager (USAF) 

USAF  DEPUTY NASA  DEPUTY 

SNAP-50;  SPUR 
PROJECT  OFFICE 

SNAP-50/SPUR PROJECT  OFFICE CANEL 

CONTRACTORS PRATT  &  WHITNEY 
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at  Las  Vegas  .  .  . 

Air  Force  Intensifies  Space  Campaign 

Six  pilots  named  for  X-20  program; 
Titan  III  standard  launch  vehicle  unveiled 

by  Russell  Hawkes 

Las  Vegas,  Nev. — The  accelerating 
Air  Force  drive  for  manned  spaceflight 
capability  was  underscored  here  last  week 
by  a  series  of  developments  in  which 
hardware  plays  the  major  role.  Dele- 

gates to  16th  National  Convention  of  the 
Air  Force  Association  witnessed: 

•  Disclosure  of  design  details  of 
three  Lockheed  F-104A  jet  fighters  now 
undergoing  conversion  for  use  as  space- 

flight trainers. 
•  Unveiling  of  the  full-scale  mockup 

of  the  X-20  space  glider  and  selection 
of  six  pilots  to  fly  the  joint  AF-NASA 
Dyna-Soar  vehicle. 

•  Announcement  of  Titan  III  tran- 
stage  capabilities. 

•  Unveiling  of  a  model  of  the 
Titan  III,  to  be  a  workhorse  booster  for 
AF  manned  space  missions. 

•  Proposal  by  a  Martin  Co.  repre- 
sentative that  a  network  of  low-altitude 

nuclear-powered  satellites  be  established 
to  provide  instant  military  communica- 
tions. 

At  the  same  time,  Dr.  Edward  C. 
Welsh,  executive  secretary  of  the  Na- 

tional Aeronautics  and  Space  Coun- 
cil, criticized  those  who  "still  haven't learned  that  blueprints  and  studies  alone 

cannot  meet  aggression."  His  statement was  evidently  aimed  at  the  attitude  of 
some  DOD  officials  who  want  to  take  a 

"wait  and  see"  posture  on  military 
space. 

•  Spaceflight  Trainer — First  deliv- 
ery of  F-104A  spaceflight  trainers  is 

due  in  late  1963,  enabling  them  to  play 
a  useful  role  in  the  Dyna-Soar  program. 
To  be  operated  by  the  Aerospace  Re- 

search Pilot  School,  the  trainers  are 
considered  a  low-cost  conversion  meas- 

ure to  fill  an  important  gap  in  pilot  tran- 
sition from  conventional  aircraft  to  the 

Boeing  X-20  and  later  winged  space- craft. 
The  sub-orbital  trainers  will  use 

small  rocket  engines  to  teach  pilots  tech- 
niques and  problems  of  shifting  from 

aerodynamic  control  to  reaction  control 
and  back  before  they  actually  encounter 
the  experience  on  research  missions. 
This  also  will  give  pilots  significant  ex- 

perience of  weightlessness  and  will  make 
it  possible  to  practice  the  critical  un- 

powered-approach-and-landing  maneu- 
ver to  be  used  in  the  X-20  and  already 

in  use  on  the  X-15. 
Heavy  wing-loading  of  these  craft 

and  steep  glide  angles  at  low  speed  call 
for  extreme  precision  in  making  final 
approach  pattern  and  flareout.  When  the 
final  approach  has  been  entered,  there 
is  little  or  no  chance  to  correct  a  bad 
maneuver. 

The  spaceflight  trainers  will  fly  at 

Martin's  Titan  III  standard  space  laimcli 
vehicle,  unveiled  at  A  FA  meeting  (model). 

altitudes  up  to  130,000  feet.  Re-entry 
heating  will  not  be  severe  enough  for 
Lockheed  engineers  to  use  exotic  struc- 

tural materials  in  the  nose  or  leading 
edges.  As  there  is  no  need  for  radar  on 
the  spaceflight  training  missions,  the 
standard  radome  will  be  replaced  by  an 
aluminum-alloy  nose. 

Engine  air  inlets  of  the  trainers  will 
be  extended  further  forward  to  get  bet- 

ter ram  pressure  recovery  and  more 
thrust  at  extremely  high  altitudes.  Fire 
control  system,  guns,  auxiliary  fuel 
tanks,  drogue  chute,  and  much  electronic 
equipment  will  be  removed  from  the 
fighter  to  keep  weight  and  balance  with- 

in limits  when  equipment  necessary  for 
near-space  flight  has  been  installed. 

Special  batteries  and  radios  will  have 
to  be  used  because  of  low  atmospheric 
pressure  at  apogee.  Different  or  addi- 

tional autopilot  equipment  may  have  to 
be  carried  because  of  stability  problems 
raised  by  the  high  angle  of  attack  re- 

entry techniques  developed  in  the  X-15 

program. The  jet  reaction  control  units  of  the 
spaceflight  trainer  will  resemble  those 
used  in  the  X-15  with  two  each  in  the 
nose  for  pitch  and  yaw  control  and  two 
in  each  wingtip  for  roll  control.  Bear- 

ing friction  of  the  General  Electric  J-79 
engine  will  tend  to  roll  the  trainer  in 
the  same  direction  as  the  engine  rotor 
and  aerodynamic  forces  of  altitude  will 
be  too  slight  to  resist  the  tendency. 
Therefore,  extra  hydrogen  peroxide  fuel 
will  have  to  be  carried  for  the  roll  jets 
that  oppose  it. 

To  prevent  rolling  from  becoming 
a  factor  in  pilot  technique,  it  will  have 
to  be  countered  by  the  autopilot.  Lock- 

heed engineers  considered  using  an  en- 
gine brake  to  halt  the  torque  after  en- 
gine flame-out  on  the  way  up  to  apogee, 

but  it  was  judged  simpler  and  cheaper 
to  use  jet  reaction  controls  overtime. 

Heart  of  the  conversion  is  Rocket- 
dyne's  AR-2.  developed  several  years 
ago  to  provide  thrust  augmentation  for 
fighters.  Picked  because  it  can  be  bought 
off-the-shelf,  it  will  be  installed  above 
the  F-104's  tailpipe  at  the  base  of  the 
vertical  fin.  It  will  deliver  6000  lbs.  of 
thrust  by  burning  JP-4  fuel  and  hydro- 

gen peroxide  for  about  90  seconds. 
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•  Titan  III  transtage — Greater  flexi- 
bility in  altering  a  payload's  course  after 

orbital  injection  is  the  prime  capability 
of  the  Titan  III  third  stage.  The  tran- 

stage, powered  by  a  15,000-lb. -thrust 
Aerojet-General  liquid-propellant  en- 

gine will  have  an  extremely  long  burn- 
ing duration. 
Functions  of  the  transtage  after  the 

vehicle  has  reached  its  operating  area 
will  include  changing  the  payload's  or- 

bital inclination  to  earth,  changing  the 
orbit's  apogee  and  perigee,  placing  it  on 
an  earth-escape  trajectory,  and  various 
other  "switch  engine"  chores. 

Engines  of  the  first  two  stages  of  the 
Titan  II  are  now  undergoing  "man-rat- 

ing" at  Aerojet-General's  Sacramento 
plants  in  preparation  for  manned  space 
flight  use  in  Titan  III. 

•  Communications  Network — Mar- 

tin Co.'s  Orlando  Div.  proposed  use  of 
57  satellites  weighing  250  lbs.  each  for 
instantaneous  military  communication 
by  voice  or  data  links  anywhere  in  the 
world.  The  satellites,  nuclear  powered 
and  placed  in  random  orbits  1000  miles 
up,  would  use  a  new  switching  tech- 

nique to  relay  messages  from  one  satel- 
lite to  another  automatically.  By  the 

automatic  technique,  the  most  direct 
route  through  the  network  is  picked 
without  prior  coordination  or  regard  to 
relative  positions  of  the  satellites  in  the 
orbital  pattern. 

The  relay  function  is  selective;  it  is 
not  merely  re-transmission  of  messages. 
An  electronic  address  code,  reset  each 
time  a  message  passes  through  a  given 
satellite,  allows  selectivity.  It  also  over- 

comes unpredictable  network  status  due 
to  component  failure,  destruction  of  the 
satellite,  busy  circuits,  and  other  difficul- 
ties. 

•  Welsh  Critical — To  the  conven- 
tion, Dr.  Welsh  leveled  criticism  at  those 

who  decry  the  present  degree  of  mili- 
tary participation,  or  lack  of  it,  in  space 

programs. 
"The  portion  of  the  defense  budget 

attributed  to  space  for  fiscal  year  1963 
is  $lVi  billion.  That  is  less  than  three 
percent  of  our  total  defense  budget,  but 
if  properly  applied  it  can  get  a  lot  of 
space  accomplishment,"  he  said.  "It  is 
often  cited  that  the  defense  space  budget 
is  relatively  small  when  compared  with 
NASA's  budget  of  $3.8  billion,  but  the 
difference  is  primarily  due  to  the  one 
large  mission:  that  is,  the  lunar  project, 
which  involves  so  much  in  facilities,  de- 

velopment and  performance." 
"There  are  several  reasons  why  we 

are  not  devoting  more  to  space  spend- 
ing by  the  Department  of  Defense:  (1) 

Many  in  this  country  and  abroad  fail  to 
understand  that  U.S.  expenditures  to 
keep  the  peace  are  as  peaceful  as  any 
other  expenditures;  (2)  Many  civilians 
and  military  officials  have  wide  diver- 

Titan  III  as  it  may  look  boosting  the  Air  Force  X-20  (Dyna-Soar)  into  orbit.  Vehicle  is 
a  modification  of  Titan  II,  and  will  have  more  than  2.5  million  lbs.  thrust. 

gence  of  views  as  to  what  the  defense 
missions  in  space  should  be;  (3)  Defense 
advantages  can  and  do  come  from  space 
expenditures  made  by  other  agencies; 
and  (4)  Many  still  haven't  learned  the 
lesson  that  blueprints  and  studies  alone 

cannot  meet  aggression." Dr.  Welsh  reinforced  his  third  point 

by  noting  that  the  spin-off  from  NASA's 
lunar  landing  program  is  "very  sub- 

stantial," since  much  of  the  technology 
for  keeping  the  peace  must  be  developed 
and  used  in  the  LLP.  He  added  that 
"the  lunar  trip  is  not  a  substitute  for 
military  competence  in  space,  but  it 

helps  develop  that  competence." Concerning  Soviet  intentions  in 
space,  he  made  no  specific  statement, 
but  laid  some  "guidelines"  for  consider- 

ing our  own  programs: 
"Never  underestimate  your  opposi- 

tion." 

"Never  forget  the  Soviet  objective 
missiles  and  rockets,  September  24,  1962 

of  world  domination." "Do  not  minimize  the  military  value 
of  placing  heavy  objects  in  orbit  and 
keeping  men  as  well  as  devices  in  orbit 

for  long  periods." "Do  not  overlook  the  blackmail  pos- 
sibilities of  weapons  in  space." "A  satellite  does  not  have  to  con- 

tain a  weapon  to  possess  military  sig- 

nificance." 
The  six  pilots  chosen  to  test  fly  the 

X-20  are:  Maj.  James  Wood,  38,  assist- 
ant chief  of  fighter  operations  at  the 

AF's  flight  test  center,  Edwards  AFB; 
Maj.  Henry  Gordon,  36;  Maj.  Russell 
Rogers,  34;  Capt.  Albert  Crews,  Jr.,  33, 
one  of  the  eight  test  pilots  attending  the 
second  class  of  the  Aerospace  Research 
Pilot  School,  Edwards  AFB. 

Also,  Capt.  William  Knight,  32,  a 
graduate  of  the  AF  Institute  of  Tech- 

nology; and  Milton  Thompson,  36,  the 
only  NASA  pilot  selected.  8 
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Now... a  standard  system  for  in-plant  tests  of  outer  space  performance. 

...the  New  CB&I  8-Foot  Simulation  Chamber 

For  Operation  In  the  1  x  10 6  Torr  Range 

To  speed  delivery  of  a  space  sim- 
ulation system,  CB&I  now  offers 

this  standard  8-ft.  dia.  by  8-ft. 
long  chamber,  complete  with 
pumping  system  and  controls,  for 
operation  in  the  1  x  10  °  torr 
range.  Starting  from  760  torr,  an 

ultimate  pressure  of  5  x  lO7  can 
be  reached  in  5  hrs.  or  less. 

Access  to  the  500  cu.  ft.  cham- 
ber is  by  an  8-ft.  dia.  flanged  and 

dished  head.  View  and  feed- 
through  ports  and  a  connection 
for  an  additional  32-in.  diffusion 

pump  are  provided. The  heat  sink 
operates  from  ambient  tempera- 

ture to  minus  320°F. 
For  complete  information,  write 

to  Chicago  Bridge  &  Iron  Com- 
pany, Oak  Brook,  111.  Offices  and 

subsidiaries  throughout  the  world. 

Designed  and  Engineered,  by 
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RELIABILITY  REPORT 

1TT Tne        fuse  was 

plowing  repeatedly" 

In  early  1961  Astrodata  completed  delivery 
of  15  identical  timing  systems  to  the  Pacific 
Missile  Range  under  prime  contract  of  the 
U.  S.  Navy. 

A  PMR  engineer*,  in  charge  of  one  system 
at  Pt.  Arguello,  wrote  us  as  follows: 

"1  have  some  information  concerning  the  re- 
liability of  the  Timing  Center  which  should 

be  gratifying  to  Astrodata:  In  over  a  year  of 
continuous  24-hour  day  operation,  not  more 
than  four  modules  have  been  removed  for 
repair.  (There  are  over  200  of  these  mod- 

ules per  system.) 

"The  on-site  surges  usually  trip  protective 
circuit  breakers,  but  before  this  happens,  the 
momentary  over-voltage  could  cause  a  tran- 

sistor that  performs  satisfactorily ,  with  good 
regulation,  to  fail. 

"One  modification  which  might  improve 
maintenance  of  the  power  supply  (Dwg. 
#7066-F-254)  at  our  particular  station  has 
been  suggested  by  our  operational  person- 

nel. The  10  amp  fuse,  F-2,  was  blowing  re- 
*Name  on  file. 

peatedly.  It  is  time-consuming  to  locate  the 
offending  component ,  for  it  could  be  in  Card 
H-l,  H-2,  H-3,  or  H-4. 1  use  the  term  time- 
consuming  in  a  relative  sense,  considering 
our  obligation  to  furnish  timing  to  range 
users  on  a  continuous  basis.  The  operational 
procedure  in  the  event  F-2  blew  was  to 
switch  over  to  standby,  replace  the  four  sus- 

pect cards  with  spares  and  re-sync  and  reset 
the  prime  side.  At  the  conclusion  of  the  oper- 

ation, the  old  cards  could  be  re-inserted  one 
at  a  time  to  find  the  bad  one.  However,  this 
was  an  intermittent  failure  and  would  not 

reveal  itself  at  this  time." This  is  the  sort  of  feedback  we  welcome, 
since  it  helps  us  deliver  even  more  reliable 
timing  equipment  to  meet  the  exacting  de- 

mand for  24-hour  continuous  operation. 
Reports  from  data  reduction  facilities  and 
tracking  stations  throughout  the  world  con- 

firm the  reliability  of  Astrodata  timing  sys- 
tems. We  have  reliability  documentation  on 

many  of  these  installations  and  will  be  happy 
to  show  it  to  you. 
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NEW  GALVO  DRIVER 

(and  35%  lower  in  cost) 

cec's  new  type  1-162  galvanometer  driver  amplifier  is  unques- 
tionably the  best  dollar  value  obtainable  in  the  medium  performance 

galvo  driver  market.  Standard  features  include:  individual  input 
and  output  connectors;  2.5  voltage  gain;  plug-in  amplifiers  for 
flexibility;  full  seven  channels  per  rack  for  tape  compatibility;  better 
control  over  temperature  coefficient.  In  short,  the  1-162  matches  any 
instrument  of  its  type  in  performance  yet  costs  considerably  less. 
For  com  plete  details,  call  your  nearest  CEC  office  or  write  for 
Bulletin  CEC  1162-X3. 

Data  Recorders  Division 

CONSOLIDATED  ELECTRODYNAMICS 
PASADENA,  CALIFORNIA    .    A  SUBSIDIARY  OF  BELL  &  HOWELL 

UN  Space  Talks: 

Progress  Is  Sought 

Despite  Soviet  Moves 

United  Nations,  N.Y. — U.S.  dele- 
gates to  the  now-adjourned  U.N.  Com- mittee on  the  Peaceful  Uses  of  Outer 

Space  remain  optimistic  about  chances 
of  moving  ahead  in  several  international 
space  projects — despite  new  Soviet  op- 

position. Last  week  the  U.N.  main  committee 
approved  the  Scientific  and  Technical 
subcommittee  recommendations  and  re- 

port for  transmittal  to  the  newly  con- 
vened General  Assembly  session.  In- 
cluded in  the  report  are  proposals  for 

exchange  of  scientific  data  on  space  pro- 
grams, encouragement  of  international 

programs,  and  establishment  of  interna- 
tional equatorial  sounding  rocket  launch 

facilities. 

•  Soviet  tactics — Observers  here  be- 
lieve Russian  strategy  involves  efforts  to 

slow  progress  of  the  Scientific  and  Tech- 
nical subcommittee  by  raising  the  still- 

unsettled  legal  complications  of  space 
flight  and  exploration. 

U.S.  observers  claim  Soviet  tactics 
are  similar  to  the  procedural  snags  the 
Russians  attempted  to  introduce  even  at 
the  scientific  and  technical  meetings  in 
Geneva  earlier  this  year.  The  Russians 
yielded  only  when  it  became  embarrass- 

ingly obvious  that  they  were  standing  in 
the  way  of  any  real  technical  progress. 

•  Resistance  to  weaken  —  U.S. 
sources  at  the  U.N.  feel  these  new  pro- 

cedural tie-ups,  like  those  at  Geneva, 
will  disappear  once  more  under  pressure 
from  the  international  body.  General 
Assembly  endorsement  of  the  progress 
to  date  is  expected  at  this  session  and 
the  two  subcommittees  are  expected  to 
go  back  to  work  in  1963. 

Attracting  particular  attention  among 
the  smaller  nations  as  a  means  to  par- 

take of  the  space  age  is  the  U.S.-proposed 
equatorial  launching  site  for  sounding 
rockets.  India  has  already  offered  to  host 
this  facility.  The  U.S.  can  supply  much 
unclassified,  non-military  hardware  for 
the  site — another  reason  why  some  U.S. 
observers  feel  the  Soviets  would  like  to 
see  this  project  blocked  despite  their  ap- 

proval in  the  technical  report.  8 

Kennedy  Labor  Statement 
Draws  Sharp  Response 

President  Kennedy's  demand  that 
four  aerospace  companies  go  along  with 
an  advisory  board's  recommendation 
and  accept  labor's  union  shop  demands 
brought  sharp  response  from  industry leaders  last  week. 

Chairman  Courtlandt  S.  Gross  of 
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Lockheed  Aircraft  Corp.  termed  both  the 
advisory  board  report  and  the  Presi- 

dent's comments  "not  in  the  public  in- 
terest." He  noted  that  Congress  estab- 

lished "free  collective  bargaining  as  the 
approved  way  to  settle  labor  disputes," 
and  he  refused  to  concede  that  "three 
outsiders,  no  matter  how  distinguished, 
are  able  to  say  what  is  right  for  Lock- 

heed employees  better  than  the  company 
and  the  union." 

The  President's  statement  placing 
responsibility  for  settlement  squarely  on 
industry  shoulders  also  drew  fire  from 
Charles  S.  Sligh,  Jr.,  executive  vice 
president  of  the  National  Association  of 
Manufacturers.  By  using  a  fact-finding 
board,  Sligh  charged,  Kennedy  had 
"chosen  to  circumvent  the  provisions  of 
the  Taft-Hartley  Act  for  dealing  with 
strikes  which  threaten  to  create  na- 

tional emergencies." 
Nearly  all  statements  from  industry 

opposing  the  President's  stand  noted 
that  an  employee  vote  on  union  shop 
now  would  bind  future  employees  to  a 
compulsory  system.  To  this.  Gross 
added  the  implication  that  Lockheed's 
California  employees  in  effect  already 
had  made  a  decision,  as  more  than  half 
are  not  union  members. 

The  companies  involved  in  the  dis- 
pute are  Lockheed,  North  American 

Aviation,  Ryan  Aeronautical  Co.,  and 
General  Dynamics/ Convair.  The  unions 
threatening  to  strike  are  the  United 
Auto  Workers  and  the  International 
Association  of  Machinists — representing 
a  combined  group  of  100,000  em- 

ployees. The  unions  have  accepted  the 
recommendations,  but  complained  that 
the  wage  provisions  "leave  much  to  be 
desired." 

President  Kennedy  agreed  with  the 
unions  in  his  controversial  statement, 
referring  to  the  economic  provisions  in 
the  board  proposal  as  "not  particularly 
generous."  He  went  on  to  say  that,  if 
the  manufacturers  refuse  to  accept  the 
board's  settlement  plan  and  a  strike  fol- 

lows, "the  responsibility  would  be  very 
clear,  I  think,  to  the  American  people." 

Other  related  events  since  the  dis- 
pute arose  include: 

—Presidential  appointment  of  a  sec- 
ond advisory  board,  headed  by  Saul 

Wallen,  to  study  and  make  recommen- 
dations for  settlement  of  a  deadlocked 

IAM-Boeing  controversy  affecting  facili- 
ties at  Seattle  and  Wichita,  as  well  as  at 

numerous  missile  sites. 

—Presidential  request  to  Boeing  and 
IAM  to  hold  off  the  strike  until  No- 

vember 15,  pending  recommendations 
from  the  new  board;  both  the  company 
and  the  union  agreed  to  the  postpone- 

ment. The  strike  was  originally  set  for 
Sept.  15.  » 

This 

IS 

oscillography 

cec's  type  5-119  recording  oscillograph  is  the  most  widely  used 
instrument  of  its  kind  in  the  world.  It  has  proved  its  supreme 

general  purpose  utility  in  literally  thousands  of  applications,  in- 
cluding: laboratory,  marine,  mobile  and  airborne  environments; 

space  and  missile  range  monitoring;  and  heavy  industry  studies. 
Extremely  versatile,  the  5-119  can  use  any  recording  media  of 
the  photographic  type  and  a  trace  numbering  feature  is  standard 
equipment.  16  discrete  speeds  and  a  frequency  response  from  0  to 
8,000  cps  have  helped  the  5-119  earn  its  universal  reputation  as  the 
very  definition  of  oscillography.  For  complete  data,  call  your  CEC 
office  or  write  for  Bulletin  CEC  5119-X3. 

Data  Recorders  Division 

CONSOLIDATED  ELECTRODYNAMICS 
PASADENA,  CALIFORNIA    •    A  SUBSIDIARY  OF  BELL  &  HOWELL 
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Cooperative  R  &  D  by  Aerojet-General  and  U.S.  Polymeric 
has  resulted  in  the  use  of  Poly-Preg,  pre-impregnated  glass 
roving,  for  filament  winding  of  the  Polaris  A-3  first-stage 
motor  case. 

here  are  the  reasons . . . 

PRODUCTION  -  Poly-Preg  roving  is  advanced  to  the 
B-stage,  greatly  speeding  the  filament  winding  operation. 
Resin  baths  and  drying  stages  are  eliminated;  cure-cycle  time 
and  problems  are  minimized.  Filaments  stay  in  place  as 
they  are  layed-up  because  of  the  slight  tack  in  the  material. 
QUALITY-CONTROL  -  Poly-Preg  glass-to-resin  ratios  are 
held  to  tight  tolerances,  impregnation  is  thorough  and  even, 
mechanical  and  environmental  properties  are  consistent. 
Roving  is  thoroughly  inspected  and  tested  before  it  is  com- 

mitted to  the  structure.  Production  reproducibility  is  assured. 
PERFORMANCE  -  Poly-Preg  roving  assures  the  high 
strength-to-weight  ratio  of  the  precision-wound,  solid-propel- 
lant  motor  case  that  is  credited  with  improvement  of  missile 
range  and  performance. 

Request  Poly-Preg  Fact-File  on  your  letterhead,  indicating  areas 
of  interest.  Address  to  U.S.  Polymeric,  Santa  Ana,  California. 

Chemicals,  inc. 

i  1962  V.  S.  Polymeric  Chemicals 

STAMFORD.  CONNECTICUT 
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Technical  Countdown 

ELECTRONICS 

Raytheon  Aims  For  Accurate  Opdar 

A  tiny  optical  trigger  packing  all  the  energy  of  a  ruby 
laser  discharge  into  a  single  pulse  of  light  lasting  less  than 
one  ten-millionth  of  a  second  puts  Raytheon  on  the  road  to 
a  highly  accurate  optical  radar.  Pulse  amplitude  of  the  device 
is  more  than  10  times  that  of  a  conventionally  triggered  laser 
of  comparable  power  supply  and  size.  Pulse  power  is  approxi- 

mately one  million  watts.  Pulses  with  a  rise  time  of  only  20 
billionths  of  a  second  have  been  produced,  permitting  a 
ranging  accuracy  of  five  feet  over  10  miles  through  average 
clear  night  atmosphere. 

Space  Radar  Under  Study  at  Cornell 

A  Cornell  University  research  team  hopes  to  develop 
previously  unobtainable  levels  of  microwave  power  at  higher 
frequencies  in  a  program  aimed  at  more  effective  radar  for 
space  exploration  and  missile  defense.  The  team,  under  As- 

sociate Professor  L.  F.  Eastman,  will  tackle  the  problem 
through  both  plasma  electronics  and  quantum  electronics. 
Two  concurrent  investigations  will  be  conducted  under  the 
Air  Force  contract — studies  of  the  generation,  maintenance 
and  application  of  a  hydrogen  plasma  in  a  confined  volume 
and  a  study  of  light  from  a  laser — how  it  affects  matter  and 
vice  versa. 

Nuclear  Power  for  SAGE 

A  nuclear  powerplant  will  soon  be  supplying  all  the  elec- 
trical power  needed  to  operate  the  Sundance,  Wyoming,  Air 

Force  heavy  radar  site,  part  of  the  SAGE  network.  A  single 
reactor  core  the  size  of  a  55-gal.  oil  drum  will  provide  the 
heat  necessary  to  generate  electricity  for  two  years  before 
replacement.  The  Martin  Co.  unit,  PM-1,  was  airlifted  to 
Ellsworth  AFB  from  the  Baltimore  Nuclear  Division,  and 
shipped  the  remaining  90  miles  by  truck.  The  unit  has  a  net 
output  of  1000  kw  and  is  similar  to  the  1500  kw  plant  in 
operation  at  McMurdo  Sound,  Antarctica. 

Super  Klystron  Under  Development 

Eitel-McCullough,  Inc.  is  working  toward  a  super- 
powered  klystron  tube  under  a  S1.3-million  Air  Force  con- 

tract. The  contract  calls  for  development  and  delivery  of  a 
tube  capable  of  continuous  delivery  of  1  megawatt  average 
power  at  more  than  8  billion  cycles  per  second.  The  highest 
power  available  today  at  these  short  wavelengths  is  in  the 
25,000  to  50.000  watt  range.  The  Eimac  tube  will  be  de- 

veloped exploiting  the  "extended  interaction  structure"  first 
proposed  by  Prof.  Marvin  Chodorow  and  Dr.  Tore  Wessel- 
Berg  of  Stanford  University. 

Re-Entry  Radio  Blackout  Over? 

The  Hughes  traveling  wave  tube  operating  in  the  fre- 
quency range  between  microwaves  and  light  waves  produces 

a  millimeter  wave  beam  which  could  maintain  continuous 
communications  throughout  the  re-entry  phase  of  a  space 
flight.  The  tube  weighs  16  lbs.  and  operates  the  same  way  as 
existing  high  power  microwave  tubes,  but  uses  techniques  of 
fabrication  and  electron  beam  formation  and  focussing  re- 

fined to  an  extremely  high  degree.  The  unit  has  undergone 
operational  tests  at  55.000  megacycles  with  30%  efficiency 
for  more  than  200  hours.  Development  continues  under  both 
Hughes  and  Navy  funding. 

Infrared  Satellite  Spectrometer  Perfected 

Barnes  Engineering  Co.  has  developed  a  prototype  spec- 
trometer designed  to  determine  temperatures  over  a  wide 

range  of  altitudes  (M/R,  Sept.  17,  p.  65)  easing  the  problem 
of  accurate  weather  forecasting.  The  satellite's  function  is 
based  on  the  known  distribution  of  C02  and  involves  simul- 

taneous measurements  of  the  infrared  energy  emitted  in  the 
15-micron  C02  band  at  several  wavelengths.  After  evalua- 

tion tests  by  the  Weather  Bureau,  the  instrument  is  sched- 
uled for  checkout  on  a  high-altitude  balloon  flight  and  then 

on  a  weather  satellite. 

PROPULSION 

Fifth  Straight  Big  Solid  Fired  by  UTC 

Sub-scale  advanced  components  destined  for  the  Titan  III 
solid  strap-ons  were  tested  in  the  firing  of  a  70-ton  solid 
Sept.  15  at  United  Technology  Corp.  The  four-segment  solid 
generated  some  250,000  lbs.  thrust  over  120  sec.  after  igni- 

tion by  spraying  with  reactive  fluids.  A  canted,  graphite- 
lined  nozzle  amenable  to  scale-up  and  an  advanced  thrust 
vector  control  system  were  checked  out  in  the  firing.  The 
test  marked  the  fifth  straight  successful  firing  of  large  solids 
by  the  United  Aircraft  subsidiary. 

Plastic  Radar  Lenses  Possible 

Metalized  plastic  can  be  used  effectively  for  radar  an- 
tenna lens  systems,  as  well  as  reflectors,  say  experts  at  Sperry 

Gyroscope  Co.  The  firm  has  already  installed  such  systems 
in  their  SPG-49  radar,  used  to  guide  the  Navy's  Talos,  and 
claims  twice  the  signal  gain  of  an  earlier  metal  version.  The 
lens  in  this  system  is  molded  of  plastic-impregnated  glass 
fibers  and  coated  with  silver  to  make  it  electrically  conduc- 

tive. It  is  composed  of  4100  separate  cells  that  focus  high- 
energy  radar  beams.  There  is  no  loss  in  strength  over  a  com- 

parable metal  system  and  the  plastic  is  electrically  more  effi- 
cient and  much  lighter  in  weight. 

ADVANCED  MATERIALS 

Graphite  a  Black  Body  at  6400°F. 
Researchers  at  National  Carbon  Co.,  div.  of  Union  Car- 

bide, have  found  that  manufactured  graphite  radiates  energy 
as  an  almost  perfect  black  body  at  its  sublimation  tempera- 

ture of  6400°F.  The  measuring  technique  involved  an  arc- 
image  furnace,  a  synchronous  shutter  and  a  system  of  optical 
filters.  The  emission  capability  of  the  graphite  was  found 
to  approach  unity.  The  intricate  system  separated  the  re- 

flected and  emitted  portions  of  the  radiations  from  the 

graphite. 
Pfaudler  To  Develop  Production  Coatings 

Manufacturing  methods  for  applying  high-temperature, 
oxidation-resistant  coatings  to  large,  complex  refractory 
metal  parts  will  be  investigated  by  Pfaudler  Permutit  under 
an  18-month,  $250,000  Air  Force  contract.  Specific  objective 
of  the  program  is  to  coat  full-sized  panels  with  the  firm's 
PFR-6  silicide  by  the  pack  cementation  process.  The  contract 
will  lead  to  industry's  first  facility  capable  of  coating  pro- 

duction molybdenum  parts  with  silicide. 

missiles  and  rockets,  September  24,  1962 25 



c'  Intercept  fc>y  N i ke  Zeus 

During  the  critical  moments  over  the 
Pacific  near  tiny  Kwajalein  Island - 
when  the  U.S.  Army's  Nike  Zeus  Sys- 

tem proved  that  it  was  possible  under 
test  conditions  to  track  and  intercept 
an  ICBM-boosted  special  target  vehicle 
-the  Zeus  target-track  radar  performed 
a  vital  role.  Powered  by  giant-energy 
transmitters  designed  and  produced 
by  Sperry,  this  radar  tracked  the  tar- 

SURFACE  ARMAMENT  DIVISION,  SPERRY 
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get  when  it  was  still  a  great  distance 
out.  Tracking  with  deadly  accuracy 
despite  the  terrific  speed  of  the  tar- 

get, the  target-track  radar  furnished  the 
target-position  data  needed  to  guide 
the  Zeus  missile  to  intercept. 

Sperry  is  proud  to  be  a  major  sub- 
contractor on  the  Army's  Nike  Zeus  de- 

velopment program,  furnishing  the 
high  transmitter  power  for  both  the 

target-track  radar  and  the  discrimi- 
nation radar.  Western  Electric  is  the 

prime  contractor  to  the  Army  Ordnance 
Missile  Command  and  Bell  Laborato- 

ries has  system  design  and  develop- 
ment responsibility. 

SPERRY 
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space  medicine 

NASA  Studies  New 

Animal  Satellites 

Seven  monkey-carrying  vehicles  planned 

in  three-to-four-year  BIOS  II  program 

by  Heather  M.  David 

MOCKUP  OF  Lockheed's  advanced  biomedical  capsule  (ABC), 
which  is  being  considered  for  use  in  BIOS  II,  was  designed  for 
BOSS  program.  Garrett  Corp.  produced  environmental  system. 

NASA  IS  ACTIVELY  studying  a 
plan  to  begin  launchings  in  early  1963 
in  a  new  animal  satellite  program. 

About  seven  satellites  will  be  orbited 
for  from  three  to  14  days  during  the 
next  three  or  four  years.  Contract  award 
is  expected  in  the  next  two  weeks  in  the 
program,  now  referred  to  as  BIOS  II. 
One  of  the  items  getting  favorable  con- 

sideration is  the  former  Air  Force  BOSS 
(Bioastronautic  Orbital  Space  System) 
program. 

Budget  will  be  somewhat  less  than 
$50  million  over  the  three  to  four  year 
period.  The  Air  Force  will  provide 
technical  assistance.  The  program  is 
being  administered  by  Bioscience  Pro- 

grams, Office  of  Space  Sciences,  in  co- 
operation with  the  Ames  Research  Cen- 

ter and  NASA's  Office  of  Advanced 
Research  and  Technology. 

•  Two  vehicles — The  first  two  or 
three  satellites  probably  will  be  modi- 

fied NERV  capsules  left  over  from 
NASA's  early  NERV  and  BIOS  I  pro- 

grams, and  would  be  launched  by  Scout 
vehicles. 

A  variety  of  experiments  will  be 
carried,  from  cellular  studies  to  those 
involving  small  animals  such  as  mice. 

According  to  Experimental  Biology 
Chief  Dr.  Dale  Jenkins,  NASA  is  now  re- 

questing the  scientific  community  to 
submit  experiments,  and  a  number  has 
already  been  received.  They  will  be 
screened  thoroughly  by  a  NASA  study 
panel  that  has  been  meeting  regularly 
to  firm  up  other  details  of  the  program. 

The  second  phase  probably  will 
consist  of  three  or  four  launches  of 

larger,  BOSS-type  capsules,  with  Atlas- 
Agena  B's.  This  series  will  begin  launch- 

ing in  1964. 
Although  the  original  AF-BOSS 

concept  called  for  a  50-lb.  chimp, 
NASA  experts  say  they  might  use  a 
rhesus  or  pig-tailed  monkey  to  provide 
room  for  more  experiments. 

Several  capsules  already  designed  are 
under  consideration.  These  include  the 
Discoverer  animal  capsule  (General 
Electric  and  Lockheed),  the  BIOS  (GE), 
the  NERV(GE),  the  BOSS  (Lockheed/ 
Garrett)  and  the  McDonnell  Mercury 
capsule  like  that  used  by  space  ape 
Ham.  A  decision  on  the  capsule  is 
expected  within  the  next  two  weeks. 

The  satellites  would  be  divided  for 
launch  in  either  of  two  orbits:  a  low 
circular  orbit  below  the  Van  Allen  belt, 
or  a  highly  eccentric  orbit  extending 
well  into  the  belt.  Depending  on  vehicle, 
launch  may  be  from  Wallops  Island, 
PMR  or  AMR,  NASA  spokesmen  say. 
All  satellites  will  be  recoverable. 

•  Experiment  goals — The  program 
is  designed  to  fill  gaps  in  basic  knowl- 

edge of  effects  of  the  space  environment 
on  living  organisms,  particularly  weight- 

lessness and  the  types  of  radiation  not 
reproducible  in  the  laboratory.  Nothing 
that  can  be  done  on  the  ground  will  be 
duplicated  in  this  program,  said  Dr. 
Jenkins. 

Probably  only  the  early  results  will 
be  incorporated  into  the  Apollo  pro- 

gram because  of  scheduling,  but  NASA 
feels  that  this  basic  research  is  necessary. 
Some  parts  will  contribute  to  Apollo 
and  Gemini. 

"Man  and  larger  primates  have  some 
compensatory  mechanisms  which  might 
prevent  spaceflight  effects  from  showing 
up  at  first,"  says  Dr.  Jenkins.  "If  we  get 
a  smaller  animal,  very  heavily  instru- 

mented, up  there  for  a  couple  of  weeks 
we  will  be  able  to  see  what  really 

happens." 

Contractors  are  now  being  requested 
to  submit  plans  for  instrumentation  that 
might  be  used  in  BIOS  II.  Among  the 
studies  desired  by  the  Biosciences  office 
are:  internal  nervous  system  probes, 
cardiac  output  indicators  and  intensive 
psychomotor  studies. Choice  of  an  oxygen  supply  and 
purification  system  also  rests  with  the 
study  panel.  Either  stored  oxygen  or  a 
regenerative  superoxide  system  may  be 
used. 

Animals  used  in  the  smaller  experi- 
ments will  be  furnished  by  the  indi- 
vidual experimenters.  However,  larger 

primates  used  in  the  second  phase  of 
the  program  will  be  raised,  trained  and 

prepared  at  NASA's  Ames  Research Center. 

•  Air  Force  cooperation — Air  Force 
bioastronautics  experts  have  for  a  num- 

ber of  years  urged  an  animal  satellite 
program.  At  one  time,  plans  for  animal 
laboratories  were  carried  in  both  the 
Discoverer  and  BOSS  programs.  DOD 
recently  ruled  that  Air  Force  could  not 
participate  in  funding  such  a  program. 
Terms  of  Air  Force  assistance  to  NASA 
in  the  program  have  not  yet  been 
worked  out.  They  might  involve  trans- 

fer of  personnel  to  NASA  from  the  Air 
Force.  8 

missiles  and  rockets,  September  24,  1962 27 



FULLY  ASSEMBLED  Delia  undergoes  vibration  test  at  Douglas  Missile  and  Space  Systems  Div.,  Santa  Monica,  Calif. 

space  systems 

Reliable  Delta  To  Get  More  Work 

NASA  eyes  two  new  versions  of  the  booster  for  missions  throughout  decade 

by  Chris  Butler 
Cape  Canaveral — Two  new  ver- 

sions of  the  Delta  launch  vehicle  are 
expected  to  assume  heavy  workloads 
throughout  the  remainder  of  this  decade 
as  NASA  adds  additional  missions  to  the 

booster's  roster.  Total  missions  already completed  or  now  assigned  to  Delta 
stand  at  33. 

Last  vehicle  of  the  original  Delta 
group  was  used  in  last  week's  launch  of 
Tiros  VI.  The  early  type  will  be  suc- 

ceeded by  intermediate  DSV-3A  and 
advanced  DSV-3B  models. 

Representatives  of  Goddard  Space 
Flight  Center  told  Missiles  and  Rock- 

ets their  optimism  over  Delta's  future 
is  based  on  the  continuing  need  for  data 
in  planning  manned  flights  to  the  Moon 
and  beyond,  R.  H.  Gray,  chief  of  God- 

dard's  Field  Projects  Branch,  said  also 
that  relatively  low  cost  of  the  booster 
and  its  exceptional  record  of  reliability 
were  prime  factors  in  its  choice  as  a 
workhorse  for  additional  orbital  and 
probe  missions. 

First  launch  of  the  intermediate 
DSV-3A  is  expected  imminently  carry- 

ing Goddard's  S3  A  satellite,  intended  to 
study  energetic  particles.  The  vehicle  is 
now  in  its  gantry  on  a  Cape  Canaveral 
launch  pad. 

The  DSV-3B,  which  will  become 
operational  early  next  year,  will  greatly 
increase  capacity  of  the  Delta.  The  cir- 

cular orbital  capability  at  500  nautical 
miles  will  rise  sharply  from  about  430 
lbs.  on  the  DM-19  to  700  lbs.  on  the 
DSV-3A  and  800  lbs.  on  DSV-3B. 

The  Delta  project,  which  had  its 

first  launch  in  May  1960,  was  originally 
programed  for  five  to  seven  vehicles. 

•  Reliable  vehicle — Reliability  and 
economy  of  the  program  quickly  in- 

creased the  number  of  missions.  The 
total  stood  at  14  in  March  1961,  more 
than  20  by  the  summer  of  1961  and 
now  calls  for  33  missions  to  be  flown. 

The  original  Delta  vehicle  was  built 
from  off-the-shelf  items  used  in  the 
Thor  IRBM  and  the  Vanguard  space 

programs. First  stage  was  the  highly-reliable 
DM-19  Thor,  which  delivered  150,000 
lbs.  of  thrust  for  160  sec.  The  fuel  was 
LOX  and  RP-1. 

Aerojet's  AJ  10-1 18,  burning  UDMH 
and  white  inhibited  fuming  nitric  acid, 
produced  7500  lbs.  thrust  for  1 20  sec. 

Third  stage  was  composed  of  the 
28 missiles  and  rockets,  September  24,  1962 



Circular  Orbit  Capability 
(AMR  Launch) 

Elliptical  Orbit  Capability  (AMR  Launch) 
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Allegany  Ballistic  Laboratories  X-248- 
A-5(D),  a  solid-propellant  stage  with 
2750  lbs.  thrust  during  a  38-sec.  burn. 

Bell  Telephone  Laboratories  radio 
command  Series  300  equipment  guided 
the  first  and  second  stages,  and  the  third 
stage  was  spin-stabilized  for  flight. 

The  first  DM-19  Delta  failed  in  its 
assignment  to  launch  the  Echo  I  bal- 

loon into  orbit.  The  mishap  was  blamed 
on  the  coast  flight  control  between 
second-stage  burnout  and  third-stage 
ignition. 

Since  the  flight,  Delta  has  scored  13 
successful  launches  in  a  row.  Eleven 
have  been  with  the  full  configuration 
Delta,  and  two  were  "Big  Shot"  balloon 
launches,  although  one  payload  later 
burst. 

The  satellites,  probes  and  sub-orbital 
missions  included  Echo  I  and  //,  Ex- 

plorers X  and  XII,  Tiros  II,  III,  IV,  V 
and  VI,  OSO  I,  Ariel  I,  Telstar  and  the 
two  "Big  Shot"  balloon  tests. 

o  Improvements  —  The  new  Deltas 
employ  a  more  powerful  first-stage 
booster.  The  improved  Thor,  burning 
LOX  and  RJ-1,  will  deliver  165,000  lbs. 
thrust,  an  increase  of  10%  over  the 
DM-19.  Burn  time  will  remain  the 
same. 

RJ-1  is  ramjet  fuel  having  a  higher 
density  than  RP-1  (although  both  are 
kerosene-based)  and  will  deliver  greater 
thrust  per  gallon. 

Principal  external  change  will  be  a 
shorter  Thor  body. 

The  advanced  DSV-3B  also  will  em- 
ploy a  longer-burning  second-stage  mo- 

tor, which  will  deliver  7500  lbs.  thrust 
for  165  sec.  Principal  changes  in  this 
stage  are  the  45-second  increase  in  burn 
time  and  the  change  from  white  to  red 
fuming  nitric  acid. 

White  fuming  nitric  acid  will  be 
used  in  the  next  two  DSV-3A  launches, 
then  all  DSV  second  stages  will  switch 
to  the  red  acid  to  take  advantage  of  its 
slightly  higher  specific  impulse  and  bet- 

ter storage  and  handling  characteristics. 
The  third  stage  of  DSV -3 A  and 

DSV-3B  remains  unchanged  from  the 
one  used  on  DM-19  Deltas. 

Guidance  of  the  first  stage  has  been 
changed  to  take  advantage  of  the  im- 

proved BTL  radio  command  Series  600 
equipment. 

All  but  one  of  Delia's  currently  as- 
signed missions  will  be  made  with  the 

three-stage  configuration.  The  exception 
is  Syncom,  which  contains  a  small  motor 
to  propel  it  into  a  synchronous  orbit. 

Also  on  the  books  for  an  early 
launch  is  Telstar  II  and  a  probe  to  re- 

port on  deterioration  of  the  H-bomb- induced  radiation  belt. 
Syncom,  most  ambitious  of  the  com- 

munication satellites  to  date,  is  sched- 
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uled  for  launch  in  the  first  quarter  of 
1963. 

The  satellite  and  probe  schedule 
calls  for  two  more  Telstar  satellites,  an- 

other Tiros,  two  more  Syncom  satel- 
lites, another  OSO,  the  initial  Relay 

satellite,  and  three  unnamed  satellites 
to  study  atmospheric  structures  and 
energetic  particles. 

•  Program  management — Manage- 
ment of  the  Delta  program  at  the  At- 
lantic Missile  Range  is  in  the  hands  of 

R.  H.  Gray,  chief,  Field  Projects  Branch, 
Goddard. 

For  the  launch,  Douglas  Aircraft 
Co.  supplies  the  test  conductor,  and  the 
test  controller  comes  from  the  local 
branch  of  Goddard.  The  latter  has  a 
Thor  advisor  supplied  by  AFBSD.  *♦ 

Tiros  VI  in  Orbit;  Will  Assist  MA-8 
Cape  Canaveral — Tiros  VI,  suc- 

cessfully launched  here  Sept.  18 
aboard  a  three-stage  Delta  vehicle, 
has  a  dual  mission — to  locate  and 
track  tropical  storms,  and  to  transmit 
weather  data  in  preparation  for  As- 

tronaut Walter  Schirra's  scheduled 
Sept.   28   six-orbit  Mercury  flight. 

Launch  of  the  281 -lb.  "weather 
eye"  was  timed  to  insert  it  into  an orbit  that  will  not  conflict  with  Tiros 
V  when  ground  stations  send  com- 

mands to  "dump"  pictures  stored  on 
tape.  Tiros  VI' s  vital  statistics:  apo- 

gee, 442  statute  miles;  perigee,  425; 
period,  98.7  minutes;  inclination, 

58.3°. 
Tiros  VI  was  originally  scheduled 

to  be  launched  in  November,  to 
cover  the  height  of  the  hurricane 
season,  but  was  sent  aloft  around  the 
Earth's  middle  earlier  to  help  Tiros 
V  in  providing  highly  accurate  global 
weather  forecasts  for  the  MA-8  shot. 
One  of  the  two  TV  camera  systems 

aboard  Tiros  V  is  no  longer  working. 
The  new  satellite  is  identical  to 

Tiros  V,  except  for  an  infrared  ex- 
periment that  was  eliminated  because 

it  couldn't  be  fabricated  in  time  for 
the  flight.  Metal  ballast  is  carried  to 
compensate  for  the  weight  loss. 

Tiros  VTs  two  independent  tele- 
vision cameras  permit  wide  scanning 

of  the  Earth's  surface  on  half-inch 
vidicon  tubes.  Their  lenses  cover 
600,000  and  232,000  miles,  respec- 

tively. The  satellite  can  be  tilted  by 
use  of  a  magnetic  attitude  control 
that  consists  of  a  wire  coil  around 
the  bottom.  Electricity  flow  through 
the  coil  creates  a  controllable  mag- 

netic field  that  interacts  with  the 
Earth's  magnetic  field  to  provide 
gradual  tilting  to  change  camera 
angles. 

The  satellite  also  carries  a  north 
indicator  to  permit  easy  orientation 
to  ground  stations  at  Wallops  Island, 
Va.,  and  the  Pacific  Missile  Range. 
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"In-house"  missile  flights  are  a  daily  occurrence  at  Lockheed 
Missiles  &  Space  Company.  The  advantages  of  "flying"  the 
POLARIS  FBM  inside  the  laboratory,  on  an  amazing 
internally-developed  simulator,  are  obvious. 

The  simulator  performs  many  developmental  and  test  functions. 
When  the  missile  is  first  conceived,  performance  characteristics  are 
cranked  in;  basic  overall  requirements  are  read  out.  Later,  the  simulator 
details  the  functional  requirements  of  each  subsystem  and  calculates 
specifications  for  hydraulic,  electronic  and  pneumatic  hardware. 
As  each  component  is  built,  it  replaces  its  computer  counterpart. 

Finally,  the  whole  guidance  and  flight  control  package  is  put  through 

simulated  flights  for  final  checkout.  But  that  isn't  all.  The  simulator 
also  performs  the  role  of  post-flight  evaluation  detective  when  it  is 
fed  tapes  of  actual  flights,  and  the  effects  are  observed  on 
earth-bound  hardware. 

It  is  with  such  elaborate  equipment,  guided  by  engineers  and 
scientists  of  outstanding  calibre,  that  Lockheed  Missiles  &  Space 
Company  has  attained  its  place  in  the  forefront  of  missile  and  space 
technology.  And  such  progress  is  constantly  creating  key  positions  for 
other  engineers  and  scientists  of  proved  ability,  so  they  may  take  up 
the  exciting  challenges  offered  by  Lockheed  and  share  in  its  rewards. 

This  unusual  organization  is  located  in  Sunnyvale  and  Palo  Alto, 
on  the  San  Francisco  Peninsula  in  California.  For  an  informative 

brochure,  "Your  Place  in  Space,"  write  to:  Research  and 
Development  Staff,  Department  M-31  A,  599  North  Mathilda 
Avenue,  Sunnyvale,  California.  An  Equal  Opportunity  Employer. 

MISSILES  &  SPACE  COMPANY 

A  SflOUP  GtV/StOA,-  OF  LOC.K.-fEED  A:F>CF!AF COf=? F'tDRATIGN 

Systems  Manager  for  the  Navy  polaris  fbm  and  the  agena  vehicle  in  various  Air 
Force  Satellite  programs.  Other  current  projects  include  such  NASA  programs  as 
the  ogo.  echo  and  nimbus. 
SUNNYVALE.  PALO  ALTO.  VAN  NUYS.  SANTA  CRUZ,  SANTA  MARIA,  CALIFORNIA 
CAPE   CANAVERAL.   FLORIDA   •  HAWAII 
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FRUEHAUF  KNOW-HOW  IS  GEARED 

TO  COMPLETE  MILITARY  SYSTEMS 

Fruehauf's  years  of  experience  in  meeting 
the  most  diversified  military  requirements 

have  produced  hundreds  of  different  units 

—  on  both  prime  and  subcontracts — from 
housings  for  delicate  electronic  devices 

to  complete,  massive  ground  support 

equipment. 

The  U.  S.  Army  Sergeant  System  is  an  ex- 

cellent example  of  Fruehauf's  proven  capa- 
bility in  the  field  of  space-age  weapons. 

Working  with  Sperry  Rand  Corporation, 

prime  contractor  on  this  highly  mobile 

system,  Fruehauf  produced  the  enclosures 

for  the  organizational  and  field  maintenance 

test  stations  and  the  missile  transporter. 

This  entirely  self-contained  system  can  go 

wherever  it  is  needed,  set  up,  test  and  as- 
semble the  missile,  fire  it,  and  be  on  the  road 

again — ready  to  deliver  another  lethal  blow 
— all  in  a  matter  of  minutes! 

For  more  information  on  Fruehauf's  vast 

capability  as  a  designer  and  producer  of  mili- 
tary equipment,  send  for  your  free  copy  of 

"Fruehauf  G.S.E.— Military  and  Missile." 

"ENGINEERED  TRANSPORTATION"    The  Key  to  Transportation  Savings 

34 Circle  No.  12  on  Subscriber  Service  Card 



space  systems 

Canada's  Alouette 

Poised  for  PAAR  Launch 

Topside  sounder  is  first  spacecraft  not  built  by  U.S. 

or  Russia;  NASA  to  attempt  near-circular  600-mi.  orbit 

NASA  WILL  ATTEMPT  its  first 
orbital  flight  from  the  Pacific  Missile 
Range  this  week  with  the  scheduled 
launch  of  the  Alouette  topside  sounder 
satellite. 

Developed  by  Canada,  the  satellite 
is  the  first  spacecraft  to  be  designed 
and  built  by  a  nation  other  than  the 
U.S.  or  U.S.S.R. 

Earliest  launch  date  is  Sept.  26.  The 
ionosphere  spacecraft  will  be  boosted 
to  a  600-mi.  circular  orbit  by  a  Thor- 
Agena  B  vehicle.  Its  primary  objective 
will  be  to  measure  disturbances  in  the 
upper  atmosphere  and  to  aid  in  discov- 

ering how  their  effect  on  radio  com- 
munications may  be  overcome. 

The  satellite  also  will  attempt  to 
measure  the  effects  of  solar  particles  on 
ionization  at  high  altitudes. 

Alouette  was  built  by  civilian  scien- 

tists of  the  Canadian  Defense  Research 
Board.  It  and  the  U.S. -sponsored  S-48 
satellite  to  be  launched  later  this  year 
will  support  each  other  in  ionospheric 
investigations. 

The  spheroid-shaped  Alouette  will 
conduct  four  experiments,  three  for  the 
Defense  Research  Telecommunications 
Establishment  (DRTE)  near  Ottawa, 
and  a  fourth  on  behalf  of  Canada's  Na- 

tional Research  Council  (NRC) . 
A  fabrication  technique  originated 

in  Canada  will  give  the  spacecraft  a 
unique  feature- — a  150-ft.  radio  antenna 
- — believed  to  be  the  longest  to  date  in  a 
space  vehicle.  Associated  with  it  will  be 
another  antenna  75-ft.  long. 

Both  are  made  of  thin,  heat-treated 
steel  and  are  stored  on  drums  within  the 

spacecraft  much  like  a  carpenter's  tape 
rule.  They  will  be  extended  after  the 

satellite  separates  from  the  launch  ve- 
hicle. Testing  of  the  antennas  and  the 

feasibility  of  topside  sounders  was  car- 
ried out  at  NASA's  Wallops  Island  Sta- 
tion in  Virginia  by  rocket  firings  in 

June,  1961. 
The  320-lb.  Alouette  will  be  launched 

in  a  southeasterly  direction  into  a  near- 
circular  orbit  of  80°  inclination  at  an 
altitude  of  about  600  miles.  It  will  orbit 
the  earth  about  every  105  minutes,  pass- 

ing 10  degrees  of  latitude  from  the 
north  and  south  poles. 

Approximately  6500  solar  cells  cov- 
ering the  outer  spacecraft  shell  will  pro- 

vide power  for  the  research  instrumen- 
tation by  converting  sunlight  into  elec- 
trical energy  to  charge  the  satellite's batteries.  RF  transmission  will  be  termi- 
nated automatically  after  a  year. 

The  primary  Alouette  experiment 
will  employ  topside  sounder  instrumen- 

tation to  probe  the  ionosphere  below  the 
orbiting  spacecraft  to  the  F2  maximum 
(300-400  km.).  The  sounder  will  at- 

tempt for  a  year  to  measure  the  way 
the  number  of  free  electrons  in  the 
ionosphere  changes  daily  with  the  time 
of  day  and  latitude.  This  will  be  accom- 

plished by  sending  out  "sweeping"  ra- dio signals  from  1.6  to  11.5  megacycles. 
Two  other  experiments  will  measure 

the  galactic  or  radio  noise  that  appears 
to  originate  in  outer  space,  and  the  radio 
noise  produced  within  the  ionosphere 
itself. 

Instrumentation  in  the  satellite  will 
conduct  the  fourth  experiment  by  ob- 

serving cosmic  rays,  the  energetic  par- 
ticles that  enter  the  earth's  atmosphere 

from  the  sun  and  from  cosmic  space. 
Design  and  construction  of  the 

spacecraft  was  carried  out  by  DRTE 
with  assistance  from  Canadian  industry 
and  NASA's  Goddard  Space  Flight  Cen- 

ter. Much  of  the  final  testing  took  place 
at  Goddard,  and  the  center  will  contrib- 

ute to  the  data-collection  phases  by 
tracking  the  satellite  and  obtaining  tele- 

metry records  at  its  world-wide  Mini- track  station  network.  NASA  also  is 
providing  the  Thor-Agena  B  launch vehicle. 

Scientific  data  will  be  obtained  at  13 
ground  stations.  Three  stations  have 
been  constructed  in  Canada  by  DRB 
and  will  be  manned  by  Canadian  per- 

sonnel. Two  stations — one  at  Singapore 
and  the  other  a  tracking  ship  in  the 
South  Atlantic — will  be  operated  by 

Great  Britain.  Eight  of  NASA's  Mini- track  stations  also  will  track  and  re- 
cord data. 

While  the  long  antennas  are  sound- 
ing the  top  levels  of  the  ionosphere  from 

above,  the  lower  layers  will  be  sounded 
at  various  locations  by  ground-based 
equipment.  Comparisons  of  the  top- 

side and  bottomside  results  will  help 
establish  the  relationships  sought  by 
scientists.  8 

missiles  and  rockets,  September  24,  1962 
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THE  NEW  MEN 

Today  man's  work  — in  a  sense  even  man  himself  — is  undergoing  a  dynamic  meta- 
morphosis. In  almost  every  area  of  human  endeavor,  change  is  the  only  constant. 

What  may  be  the  most  revolutionary  of  all  changes  we  are  witnessing  is  the  one 
occurring  within  the  aviation  industry.  Today  it  is  better  known  as  the  aerospace 
industry . . .  and  it  is  the  leader  of  a  new  age:  the  age  of  space. 

It  is  being  created  by  new  men,  with  new  ideas,  new  processes,  new  techniques. 

Once  the  most  productive  sound  in  this  industry  was  the  roar  of  assembly  lines. 
Today  the  most  productive  sound  is  often  silence.  The  silence  of  men  thinking. 
Thinking  of  things  never  done  before ...  of  metals  never  used  before ...  of  tools  never 
designed  before... of  systems  never  conceived  before. 

Airplanes  are  still  being  built.  Yet  they  are  planes  vastly  beyond  the  ken  of  even  the 

wildest  of  yesterday's  dreams.  And  this  is  just  one  part  of  the  industry. 
Nearly  every  scientific  discipline  known  to  man  is  being  probed,  explored,  and  used 
within  the  aerospace  industry.  Nuclear  science,  electronics,  rocket  propulsion,  life 
sciences,  chemistry,  and  communications  are  just  some  of  the  fields  being  pursued. 



Nuclear  scientists  are  building  miniature  nuclear  reactors. 

Botanists  and  physiologists  are  studying  the  possible  use  of  plants  in  the  free  world's 
program  to  explore  space. 
Electronics  engineers  are  studying  microelectronics. 
Rocket  engineers  are  perfecting  giant  rocket  engines  that  will  have  millions  of 
pounds  of  thrust. 
Geologists  are  extracting  water  from  rock. 

Bio-engineers  are  designing  hand-tools  for  use  in  space. 

All  these  men,  and  many  others  in  even  more  diverse  fields,  are  part  of  today's  aero- 
space industry. 

These  are  the  men  who  are  pushing  forward  every  frontier  of  science.  These  are  the 
men  who  are  creating  the  systems  of  tomorrow  and  the  industries  of  the  future. 
These  are  the  new  men. 
North  American  Aviation  is  at  work  in  the  fields  of  the  future  through  these  six  divisions:  Atomics 
International,  Autonetics,  Columbus,  Los  Angeles,  Rocketdyne,  Space  &  Information  Systems. 
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Thiokol  development: 

ASTRONAUTS  COULD  ride  out 
expected  or  unexpected  high  g-forces 
with  a  foam  encapsulation  system  under 
development  at  Thiokol  Chemical 
Corp.'s  Bristol  Div. 

Foamed  into  a  plywood  enclosure, 
John  Weaver  was  subjected  to  accelera- 

tions up  to  6  g's  on  the  centrifuge  at  the AeroMedical  Acceleration  Lab,  Naval 
Air  Development  Center.  Although  the 
urethane  foam  was  sectioned  in  this  run, 
it  could  be  instantaneously  generated  in 
a  spacecraft's  cabin. 

Thiokol  experts  say  the  foam  system 
could  enable  an  animal  to  absorb  1000 

g's  in  free  drops.  The  Russians  have  ex- 
perimented with  animal-carrying  cap- 

sules in  free  drops  up  to  this  level  but 
did  not  use  foam  plastic  as  a  restraint 
system.  Thiokol  envisions  a  host  of  ap- 

plications for  generated  urethane  foam 
— from  helicopter  sea  landing  pads  to 
soft  landing  lunar  systems  for  un- 

manned probes. 

Foam  generators  could  supply  ade- 
quate protection  to  pilots  ditched  in  sub- 

zero waters.  The  foam  is  a  good  insula- 
tor and  the  reaction  itself,  being  exo- 

thermic, would  supply  a  small  amount 

of  heat.  The  manned  tests  followed  a 
series  with  a  sheep  and  a  dummy. 

Prior  to  tests  with  a  fully-encap- 
sulated subject,  preliminary  tests  also 

were  carried  out  with  a  partially-encap- 
sulated man. 

Such  a  generator  could  be  pro- 
gramed to  operate  at  the  first  sign  of 

abnormal  g-forces  while  still  maintain- 
ing manual  initiation.  Pre-positioned 

severing  devices,  explosively  actuated, 
would  free  the  astronaut  after  the 
danger  passed.  While  encapsulated,  the 
subject  would  have  only  his  fingers  free 
to  move.  « 

missiles  and  rockets,  September  24,  1962 



New  Si-SiC 

OVERCOAT. 

protects  graphite  at  elevated  temperatures 

New  from  3M — a  protective  "overcoat"  of  Siliconized 
Silicon  Carbide  (Si-SiC)  for  the  protection  of  nose  cones, 
rocket  nozzles,  re-entry  vehicles,  and  other  components 
using  graphite. 

Si-SiC  coatings  provide  oxidation  protection  for  thou- 
sands of  hours  at  service  temperatures  up  to  2000°  F. 

Short-term  protection  is  provided  at  considerably  higher 
temperatures.  Specimens  exposed  to  various  strong  chem- 

ical oxidizing  solutions  at  ambient  and  elevated  tempera- 
tures showed  no  failure.  Tests  indicate  that  Si-SiC  coated 

graphite  has  basic  capabilities  useful  in  many  component 
protection  applications  in  aerospace. 

The  coating  consists  of  siliconized-silicon  carbide,  ap- 
proximately 0.006"  in  thickness.  Applies  well  on  practically 

any  grade  of  graphite.  If  you  have  an  existing  or  potential 

application  for  Si-SiC  coated  graphite,  please  return  the 
coupon  below  for  additional  information. 

3m
 

HbBCOITIPANY Nuclear  Products 
Dept.  BFC-92,  St.  Paul  1,  Minn. 

Tell  me  more  about  the  New  Si-SiC  Overcoat  for  graphite  space  elements,  j 

Company  
Address  

City  &  State_ 

Application^ 

Circle  No.  6  on  Subscriber  Service  Card 39 



We  design,  build  and  test 

VALVES 

for  use  with... liquid  hydrogen  ■  liquid  oxy- 

gen ■  liquid  nitrogen  ■  nitrogen  tetroxide  ■ 

hydrocarbon  fuel  ■  hydrogen  peroxide  ■ 

liquid  borons  ■  oxygen  difluoride  ■  helium 

gas  ■  nitrogen  gas  ■  hydrogen  gas  ■  aerozine 

vent  valves  ■  relief  valves  ■  ball  valves  ■ 

shut-off  valves  ■  venturi  valves  ■  hot  valves 

disconnect  valves  ■  fill  and  drain  valves 

I flow  limiting  valves  ■  squib  valves  ■  gas 
 8 

pressure  regulators.  I 

CHEMICAL  CORPORATION 

Reaction  Motors  Division,  Denville,  New  Jersey 

RMD  valves  fly  in  America's  major  missile  and  space  systems 
40  Circle  No.  21  on  Subscriber  Service  Card 



ENGINEERS! 

There's  a  New  Spectrum 

of  Activity  at  CONVAIR! 

We're  at  work  on  the  long-range  development  of  vehicles 
for  space,  air,  land,  water  and  underwater  applications. 
This  broad  new  spectrum  of  activity  is  a  far  cry  from  the 

"old"  Convair  which  gained  eminence  as  one  of  the 
world's  largest  manufacturers  of  airplanes.  But  despite 
the  new  scope  of  interest,  Convair  remains  an  engineer's 
company. 

For  more  than  two  decades  Convair  has  recognized  that 
any  company  producing  highly  engineered  products 
must  build  its  organization  around  engineers.  Engineer- 

ing groups  and  individual  engineers  are  given  a  loud 
voice  in  product  development.  To  us  this  is  simple  logic, 
simply  because  it  has  consistently  resulted  in  superior 
products. 

Added  advantages  enjoyed  by  engineers  at  Convair  are 
the  superb  community  benefits.  Uncrowded,  resort-like 
San  Diego  has  excellent  schools,  abundant  housing  at 
uninflated  prices,  plus  four  colleges  and  universities 
offering  a  wide  range  of  courses,  including  advanced 
studies  in  engineering  and  the  sciences. 

Current  requirements  are  detailed  on  the  next  page.  If 
they  stimulate  your  interest,  we  invite  your  inquiry  — 
either  on  the  attached  inquiry  card,  or  directly  to  Mr. 
S.  H.  Imdieke,  Engineering  Personnel  Administrator, 
Department  6-128, 

G II II  ID 

GENE RAL  DYNAMICS 

CONVAIR 

3313  Pacific  Highway,  San  Diego  12,  California 
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SENIOR  ENGINEE
RS 

The  new  spectrum  of  activity  at  Convair  has  created  imme
diate, 

long-range  openings  for  highly  qualified  engineers  in  a  va
riety 

of  fields  These  are  responsible  positions  and  require  individ
uals 

who  possess  not  only  technical  competence,  but  who  ha
ve 

demonstrated  qualities  of  leadership  and  the  ability  to  c
om- 

municate their  ideas  at  a  management  level. 

The  most  urgent  requirements  are  for  specialists  in  the  following  f
ields: 

ELECTRONIC  SYSTEMS  DESIGN 

Development  of  both  ground  and  airborne  systems  in  the  field
s 

of  instrumentation,  telemetry,  control  systems,  and  communic
a- 

tions  A  BSEE  and  a  minimum  of  five  years   experience  in 

development  of  electronic  systems  required. 
AERODYNAMICS 

To  conduct  studies  of  aerodynamics  performance,  stability,  and 

control  in  the  areas  of  S/VTOL,  GETOL,  supersonic  configuration 

analysis  and  hypersonic  configuration  analysis.  An  appropriate 

engineering  degree  and  five  years  of  related  aerodynamic 
 ex- 

perience required. 
THERMODYNAMICS 

To  conduct  studies  involving  hyper-velocity  impact,  aerodynamic
 

heating  reentry  heat  transfer,  nuclear  and  rocket  propulsio
n 

and  internal  aerodynamics  and  propulsion  for  ground  effec
t 

machines,  VTOL  and  GETOL  applications.  Work  also  concer
ns 

environmental  control  systems  for  both  manned  and  unmanne
d 

space  vehicles.  A  degree  in  AE  or  ME  and  five  years  of  relate
d 

experience  required. 
GUIDANCE  DYNAMICS 

Current  guidance  work  involves  application  to  missiles  high
- 

performance  aircraft,  spacecraft,  underwater  systems,  celestial
 

mechanics,  insertion  analysis,  and  trajectory  analysis.  Specific 

experience  in  one  of  these  areas  desirable;  background  in  various 

guidance  disciplines  and  in  non-linear  control  system  te
ch- 

niques required  A  degree  in  AE,  EE,  ME,  Physics  or  Applied 
Mathematics  and  Mechanics,  plus  three  years  of  experience  in this  field  necessary. 

CONTROL  DYNAMICS 

Work  involves  the  analysis,  synthesis  and  development  of  com-
 

plex flight  control  systems.  A  background  of  servomechanism 

theory  is  preferred.  Familiarity  with  non-linear  analytical  t
ech- 

niques and  a  working  knowledge  of  analog  computing  techniques 

highly  desirable.  A  degree  in  AE,  EE,  or  ME  and  two  years  of 
applicable  experience  required. 
RELIABILITY 

To  prepare,  direct,  and  conduct  advanced  research  and  analy
- 

tical studies  which  require  extensive  application  of  mathematica 

and  statistical  theory.  Requires  a  thorough  understanding ,  0 

engineering  principles  involved  in  order  to  estimate  the  reliabi
l- 

ity of  complete  missile  and  support  equipment  systems^  Musi 
be  able  to  determine  and  evaluate  mathematical  approaches  toi 

solving  complex  and  unique  reliability  problems.  A  degree  ir 
Mathematics  or  Physics,  plus  experience  in  dealing  with  ad 
vanced  reliability  problems,  required. 

POSITIONS  ALSO  EXIST  FOR  SENIOR-LEVEL  ENGINEERS  IN  THE 

AREAS  OF  STRESS,  MATERIALS  RESEARCH,  AND  HYDRODYNAMICS. 

To  learn  more  about  Convair's  new  and  rapidly  expanding  spectrum  o 
activity,  mail  the  attached  inquiry  card  or  write  to  Mr.  S.  H.  'maiew 
Engineering  Personnel  Administrator,  Department  6-128  Genera 
Dynamics!  Convair,  3313  Pacific  Highway,  San  Diego  12,  California. 
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We  build  big  test  chambers 

here  at  Conrad,  Inc.! 
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Big  Engines: 

Aerojet  Injector  Units 
Aid  Liquids,  Cryogenics 

Colorado  Springs,  Colo. — The  ap- 
plication of  large-thrust-per-element  in- 

jector units  to  both  cryogenic  and 
storable  liquid  rocket  engines  of  over 
one-million-pounds-thrust  appears  to 
offer  major  advantages  in  performance 
and  simplicity. 

Preliminary  work  along  these  lines, 
conducted  by  Aerojet-General  under 
Air  Force  funding,  indicates  that  such 
injector  types  could  be  incorporated  in 
a  multimillion-lb. -thrust  engine  using  as 
few  as  100  orifices.  A  more  conven- 

tional injector  system  in  this  size  engine 
would  require  the  slow  and  costly 
process  of  drilling  some  15,000  fuel  and 
oxidizer  orifices.  It  would  also  require  a 
complex  manifold  system  for  propellant 
distribution  and  face  cooling. 

Results  of  the  Aerojet  work  were 
described  here  in  a  presentation 
authored  by  Dr.  J.  A.  Bottorff,  manager, 
advanced  chemical  propulsion  depart- 

ment, Space  Propulsion  Div.,  Azusa, 
Calif.;  John  M.  Klacking,  senior  engi- 

neer; and  Benjamin  E.  Chantry,  de- 
velopment engineer,  at  the  Seventh 

Symposium  on  Ballistic  Missile  and 
Space  Technology  co-sponsored  by  the 
Air  Force  and  Aerospace  Corp. 

The  term  "element,"  as  used  here, 
is  an  injection  unit  containing  the  mini- 

mum number  of  orifices  that  will  pro- 
vide combustion.  A  triplet  element,  for 

example,  has  three  orifices. 

One  triple-type  element  studied  has 
individual  streams  as  large  as  one  inch 
in  diameter.  In  tests,  various  element 
configurations  using  both  cryogenic  and 
storable  propellants  have  shown  high 
performance  characteristics  which  com- 

pare favorably  with  theoretical  per- 
formance. The  triplet  unit  appears  to 

provide  good  propellant  breakup  and 
mixing  by  the  kinetic  energy  and  mo- 

mentum of  the  impinging  streams. 

•  Variable  thrust  feature — The 
large-thrust-per-element  concept  has  pri- 

mary application  to  large-thrust  booster 
engines.  But  it  lends  itself  to  another 
area — the  development  of  a  single,  effi- 

cient and  continuously  variable  thrust 
engine.  Because  of  the  small  number 
of  orifices  required  and  the  large  orifice 
diameter,  the  large-thrust-per-element 
injector  can  be  designed  easily  for  thrust 
variations  by  throttling  at  the  injector. 
This  is  done  with  a  movable  tapered 
pintle  which  varies  orifice  and  propellant 
flow  rate.  This  type  of  thrust  control  is 
difficult  with  conventional  injectors 
because  of  the  number  of  pintles  re- 
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Ask  us  to  build  your  next  one 

This  dual-compartment  missile  test  chamber 
took  three  flat  cars  for  shipment,  plus  an  inspector 

who  rode  along  to  make  sure  the  50  tons  of  equip- 
ment reached  the  customer  in  good  order. 

Building  big  chambers  is  one  of  our  specialties. 
But  what's  "big"?  To  some  of  our  customers  it 
means  200  cu.  ft.  To  others,  500  cu.  ft.  Still 

others  don't  consider  a  chamber  big  until  it's  at 

least  2,000  cu.  ft.  or  larger.  It  really  doesn't matter  to  us.  Our  engineering  staff,  work  force, 

and  manufacturing  facilities  are  geared  to  build 
chambers  of  all  sizes. 

NEW  "CUSTOMER  SATISFACTION"  POLICY 

Get  the  best  performance  out  of  your  chambers  — 
any  make  —  by  relying  on  Conrad,  Inc.,  to  keep 
them  in  A-l  condition.  Trained  personnel  will 

inspect  your  chambers  regularly  —  check  and  ad- 

just refrigeration,  humidity,  vacuum,  instrumen- 
tation. Ask  your  representative,  or  ivrite  direct 

for  more  information. 

CONRAD,  INC. 
Main  Office  and  Plant 
HOLLAND,  MICHIGAN,  U.S.A. 
Representatives  in  Principal  Cities 
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Who  helps  him  make  picture  landings-and  then  shows  him  the  picture?  AMPEX. 

He  landed  four  tons  of  supersonic  steel  on  a 
moving  carrier  that  looked  like  a  miniature 
matchbox  from  20,000  feet.  It  took  skill,  dar- 

ing—and an  assist  from  an  Ampex  VR-1000 
Videotape*  recorder.  This  advanced  recorder 
and  camera  system  gave  carrier  landing  per- 

sonnel a  complete  picture  of  the  pilot's  pro- 
gress; helped  talk  him  down  with  greater  pre- 
cision. Now  that  he  has  landed,  it  lets  him  see 

the  whole  operation  recorded  on  Ampex  video 
tape.  He  watches  his  approach,  has  an  exact 
record  of  his  speed,  hears  his  conversation 
*TM  Ampex  Corp. 
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with  landing  personnel.  Next  time  he'll  make  a 
safer,  surer  landing.  The  Navy  calls  this  PLAT: 
Pilot  Landing  Aid  Television.  It  was  developed 

by  Com  Air  Pac  with  Ampex.  And  it's  one  of  the 
many  ways  videotape  recorders  are  now  being 
used  for  education  and  training  in  every  area. 
For  details  on  an  Ampex  videotape  recorder 
to  meet  your  needs  write  the  only  company 
providing  magnetic  recorders  and  tape  for 
every  application:  934  Charter  St.,  Redwood 
City,  California.  Sales  and  service 
engineers  throughout  the  world. 

AMPEX 
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For  a  dynamic  future 
consider 

MARQUARDT 

Some  of  the  most  challenging 
and  rewarding  programs  in  in- 

dustry—reaction control  rockets 
for  Apollo,  Scram,  Pluto,  Lace- 
Aces,  and  other  advanced  rocket 
and  airbreathing  propulsion 
projects  —  have  created  the  fol- 

lowing opportunities: 

Engineering  Analyst 

To  perform  cycle  and  aero- 
thermodynamic  analyses  of 
high-performance  propulsion 
systems.  Prepare  study  applica- 

tions, correlate  subsystem  per- 
formance, create  analytical 

techniques  for  unique  propul- 
sion cycles. 

Heat  Transfer 
Engineer 

Analytical  and  experimental 
treatment  of  heat  transfer  prob- 

lems in  aerospace  power  sys- 
tems. Work  will  include  radia- 

tion, ablative,  and  regenerative 
cooling  of  combustion  chambers 
and  exhaust  nozzles,  aerody- 

namic heating,  cryogenic  and 
liquefaction  systems,  compo- 

nent integration. 

Thermokinetic 
Analysis 

Establish  analytical  and  experi- 
mental programs  in  aerody- 
namic, thermodynamic,  and 

kinetic  reactions.  Work  involves 
combustion  research  with 
unique  high-energy  propellants 
for  future  aerospace  power  sys- 

tems and  detailed  analysis  of 
dissociation  and  recombination 
in  exhaust  nozzles. 

Qualified  applicants  who  hold  a 
B.S.  degree  with  several  years' 
experience  are  urged  to  direct 
resumes  to  Mr.  Don  Vest,  Pro- 

fessional Personnel  Office. 

arquardf I  CORPORATION 
16555  SATICOY  STREET 

VAN  NUYS,  CALIFORNIA 
An  Equal  Opportunity  Employer 

quired  and  close  machine  tolerances. 
In  the  injector  study  program,  Aero- 
jet used  a  transparent-wall  thrust  cham- 
ber to  observe  the  propellant  spray  fan, 

ignition  characteristics  and  combustion 
gas  recirculation.  The  company  also 
made  a  detailed  review  of  injector  tech- 

nology and  factors  affecting  propellant 
mixing  and  liquid  atomization.  During 
these  studies,  some  injector  types  were 
eliminated  because  of  their  apparent  un- 
suitability  for  scale-up. 

Injector  elements  involving  combina- 
tions of  aerodynamic  drag  and  surface 

tension  effects — showerhead  elements, 
for  example — do  not  appear  suitable 
for  orifice  size  scale-up.  Flow  rate  from 
the  orifice  increases  proportionately  to 
the  second  power  of  the  diameter,  but 
stream  tube  surface  increases  only  as 
the  first  power  of  the  diameter.  Ratio 
of  surface  area  (where  shear  action 
occurs)  to  the  stream  cross-section  de- 

creases as  stream  size  increases.  Thus, 
the  mixing  effect  of  aerodynamic  drag 
or  surface  tension  decreases  as  element 
size  increases. 

Injector  elements  in  which  atomiza- 
tion is  governed  primarily  by  liquid 

turbulence — such  as  hollow-cone  types 
— also  appear  unsuitable  for  scale-up 
for  similar  reasons. 

Rejection  of  the  two  element  types 
above  leaves  a  possible  method  of 
achieving  atomization  in  a  large  injector 
element  through  liquid  disintegration  by 
application  of  an  external  force.  The 
force  can  be  applied  by  stream  impinge- 

ment on  the  one  or  more  other  streams 
as  in  doublet  or  triplet  types,  or  by 
stream  impingement  upon  a  solid 
surface.  In  each  of  these  systems,  mo- 

mentum of  the  stream  striking  another 
stream  or  stationary  surface,  provides 
the  external  force  application.  Energy 
for  droplet  production  is  supplied  by 
momentum  of  the  liquid  stream,  i.e., 
the  breakup  force. 

For  conventional  injectors  with  a 
large  number  of  closely  spaced  orifices 
or  elements,  interaction  among  adjacent 
elements  can  help  provide  a  uniform 
mixture  ratio.  This  is  exemplified  in  the 
impingement  of  fuel  and  oxidizer 
streams  upon  each  other  to  achieve  a 
high  degree  of  mixing.  Interaction,  how- 

ever, cannot  always  compensate  for  an 
injection  system  which  provides  poor 
propellant  mixing.  This  is  particularly 
true  for  an  injector  with  a  small  number 
of  large  thrust  elements. 

Aerojet  is  enthusiastic  about  the  pos- 
sibilities and  potential  of  its  study  pro- 

gram. No  upper  limitation  in  size  has 
been  found.  Much  of  the  work  was 
part  of  a  continuing  program  to  deter- 

mine scaling  characteristics  of  large 
liquid  propellant  engines,  and  to  com- 

pare scale-up  theory  with  practical  devel- 
opments and  hardware  performance,  tt 

Coating  problems  on 
launcher  arms,  launchers,  * 

flame  deflectors,  flame  buckets  • 

Specialized  coating  problems? 
The  Rust-Oleum  Corporation 
specializes  in  the  research,  de- 

velopment, and  manufacture  of 
coatings  for  particular  problems 
in  the  missile  and  aircraft  in- 

dustry. Skilled  Rust-Oleum  spe- 
cialists and  technical  service 

personnel  are  available  to  work 
hand-in-hand  with  you  and  your 
organization.  May  we  hear from  you? 

RUST-OLEUM  CORPORATION 
2680  Oakton  St.      •      Evanston,  III. 

Forty  years of  industry 

proof. 

Distinctive 
as  your  own 
fingerprint. 

RUST-OLEUM 
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Recent  developments  make  the  months  following  Novem- 
ber crucial  because  the  National  Aeronautics  and  Space 

Administration  will  be  making  final  procurement  and  de- 
velopment decisions  on  many  major  programs:  AEROS/ 

ADVANCED  RELAY/NOVA  SUPER  BOOSTER/ADVANCED 
SYNCOM/ LUNAR  LOGISTICS  SUPPLY  VEHICLE  (each  will 

cost  hundreds  of  millions  of  dollars) / LUNAR  EXPLORA- 
TION MODULE  FOR  APOLLO  SPACECRAFT  (estimated  cost 

over  $1  billion). 

M/R,  the  Weekly  of  Space  Systems  Engineering,  will  cover 

each  of  the  above  programs  and  projects  and  provide  in- 
depth  reports  of  the  sweeping  mission  and  program  changes 

at  each  NASA  center  caused  by  the  recent  decision  to  use 
Lunar  Orbit  Rendezvous  for  the  first  Manned  Lunar  Landing. 

Missile/space  prime  contractors  and  sub-contractors  adver- 
tising in  this  issue  will  benefit  from:  TIMELINESS/SYS- 

TEMS-ORIENTED EDITORIAL  COVERAGE  OF  ALL  IMPOR- 
TANT NASA  PROGRAM  AND  PROJECT  DEVELOPMENTS/ 

BUDGET  BREAKDOWNS  AND  FORECASTS/38,064  ABC 
AUDITED  PAID  CIRCULATION/ 1,000  BONUS  CIRCULATION 
TO  KEY  NASA  PERSONNEL. 

Issue  date:  November  26;  Closing  date:  November  5, 1962. 
MISSILES  AND  ROCKETS  •  An  American  Aviation  Publication 

1001  Vermont  Avenue,  N.W.,  Washington  5,  D.  C. 

BUY  PROVEN  PERFORMANCE.  NASA  PURCHASED 

00,000  REPRINTS  OF  M/R'S  HIGHLY  SUCCESSFUL 
FIRST  NASA  ISSUE,  PUBLISHED  IN  NOVEMBER,  1961. 
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The  Industry  Week 

Speaking  of  Burroughs 

Burroughs  Corp.  President  Ray  C.  Eppert  said 
last  week  that  his  company's  R&D  emphasis  has 
turned  to  investigating  cryogenic  phenomena  and 
optical  scanning  devices.  Speaking  to  the  Wash- 
ton  Society  of  Investment  Analysts,  Eppert  cited 
a  variety  of  laboratory  developments  that  led  to 
products  now  in  production. 

"We  believe  we  are  at  the  point,"  Eppert  said, 
"where  previous  research  will  be  paying  for  the 
new  research,  with  more  and  more  left  over." 

Eppert  presented  figures  showing  that  in  the 
last  decade  Burroughs  personnel  has  doubled,  its 
world-wide  revenues  and  working  capital  have 
quadrupled,  and  its  total  assets  have  multiplied 
by  nearly  five  times  the  1950  figure.  The  com- 

pany averages  $100  million  annually  in  defense 
orders,  he  said. 

The  Burroughs  computer  that  guided  the 
Mariner  IPs  Atlas-Agena  booster  is  "the  first 
large-scale  solid-state  computer  ever  delivered 
and  operational  on  site,"  Eppert  claimed.  By  the 
end  of  next  year,  he  said,  the  same  computer  will 
be  participating  in  eight  separate  space  pro- 

grams, including  Gemini. 
Eppert  told  the  group  that  NASA  has  given 

his  firm  "a  very  important  order"  for  a  B5000 
computer  and  peripheral  equipment  at  the  Mar- 

shall Space  Flight  Center.  Payment  will  be  about 
$1%  million  for  the  system,  to  be  used  for  in- 

vestigating data  reduction  techniques  in  space 
programs. 

Industry  Facilities 

The  Martin  Co.  facility  used  last  year  for  the 
Nation's  first  out-of-silo  launch  of  a  heavy  ICBM has  been  turned  over  to  the  Air  Force.  The  test 
facility  has  been  converted  by  Martin  under  an 
AF  Systems  Command  contract  for  use  as  a  SAC 
missile  crew  trainer  prior  to  completion  of  Titan 
II  operational  bases  now  being  built  in  Arizona, 
Arkansas  and  Kansas.  .  .  .  Sylvania  Electric  Prod- 

ucts Inc.,  subsidiary  of  General  Telephone  & 
Electronics,  will  build  a  100,000-sq.-ft.  electron 
tube  facility  to  replace  three  existing  plants  at 
Brookville,  Pa.  Foundation  and  steel  work  has  al- 

ready begun  at  the  20-acre  site  of  the  new  plant, 
which  is  expected  to  be  operational  late  next  year. 
.  .  .  General  Electric  Co.  will  transfer  nearly  300 
employees  from  Syracuse,  N.Y.,  facilities  to  its 
new  military  communications  dept.  at  Oklahoma 
City  by  Jan.  1.  GE  will  also  lay  off  more  than  500 
employees  at  Syracuse  as  current  military  con- 

tracts are  completed.  .  .  .  A  new  Zimney  Corp. 
facility  for  production  of  solid-propellant  motors, 
pyrotechnic  devices  and  igniters  will  occupy  337 
acres  in  Kern  County,  Calif.  The  firm's  Monrovia, 
Calif.,  headquarters  announced  acquisition  of  the 
land  but  did  not  say  when  construction  would 
begin.  .  .  .  Officials  from  Raytheon  Co.'s  Lexing- 

ton, Mass.,  headquarters  have  been  surveying 
Houston  real  estate  possibilities  for  an  elec- 

tronics engineering  laboratory  for  the  company's 
support  of  the  Houston  Manned  Spacecraft  cen- 

ter. In  discussions  with  banking  officials  and  in- 
dustrial real  estate  brokers,  Raytheon  reportedly 

showed  interest  in  ready-built  buildings  as  well 
as  undeveloped  sites.  .  .  .  Grumman  Aircraft  En- 

gineering Corp.'s  $5-million  Space  Engineering 
Center,  now  under  construction  at  Bethpage, 
N.Y.,  is  scheduled  for  completion  early  next  sum- 

mer. Grumman  has  spent  over  $12  million  in  the 
past  four  years  on  new  facilities,  increased  per- 

sonnel and  other  items  in  an  attempt  to  secure 
bigger  pieces  of  space  age  markets. 

Profits:  Up  and  Down 

Charles  F.  Home,  president  of  the  Electronic 
Industries  Association,  believes  that  electronics 
sales  in  the  U.S.  will  reach  a  record  annual  figure 
of  more  than  $13  billion  in  1962,  topping  the  1961 
figure  by  over  $1  billion.  He  names  as  reasons 
for  the  market  growth  new  civilian  space  pro- 

grams, expanded  defense  spending,  and  growth  of 
industrial  sales.  Though  military  programs  are 
responsible  for  better  than  half  of  today's  elec- 

tronics market,  Home  expects  industrial  sales  to 
hold  the  greatest  promise  for  expansion  and 
profit.  He  considers  rising  foreign  competition  to 
be  the  greatest  threat  to  the  future  of  U.S.  elec- 

tronics sales.  .  .  .  Manufacturers  of  printed  cir- 
cuit boards  hold  a  more  pessimistic  view  of  profits 

in  their  industry — and  with  good  reason,  accord- 
ing to  an  Institute  of  Printed  Circuits  survey. 

IPC  says  profits  of  its  members  in  1961 — after 
taxes — averaged  1%  as  compared  to  3.2%  in 
1960.  Participants  in  the  survey  represented 
about  40%  of  the  $48-million  sales  for  inde- 

pendent circuit  board  producers  last  year.  An- 
other IPC  survey  pictured  these  firms  as 

operating  at  only  about  65%  of  capacity,  with 
competition  keen  and  many  companies  operating 
at  a  loss.  Large  and  small  companies  in  the  field 
had  similarly  pessimistic  profit  pictures,  IPC  said. 

Stock  Offerings 

Electronics  Capital  Corp.  of  San  Diego,  Calif., 
will  distribute  to  some  of  its  shareholders  a  part 
of  its  common  share  holdings  in  Potter  Instru- 

ment Co.,  Inc.,  Plainview,  N.Y.  ECC  shareholders 
of  record  Sept.  28  next  month  will  receive  a  com- 

mon share  of  Potter  for  each  10  ECC  shares 
owned.  ECC  owns  more  than  600,000  shares  of 
Potter  common  stock.  .  .  .  Chomerics,  Inc.,  Cam- 

bridge, Mass.,  has  completed  a  successful  stock 
offering  that  raised  $200,000  and  resulted  in  an 
over-subscription.  Officers  of  the  firm  handled 
issuance  of  the  40,000  shares  of  common  stock 
directly,  without  underwriting.  The  aerospace 
plastics  manufacturer  expects  to  reach  a  break- 

even point  by  the  end  of  October  and  to  continue 
profitable  operations  from  that  point.  The  offer- 

ing was  considered  unusual,  in  that  it  came  when 
the  market  was  depressed  for  such  growth  issues. 
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TARGET:  Operation  Leapfrog 

Today,  our  target  is  the  moon.  Should  we 

approach  this  mission  on  the  limited  basis 

of  marginal  propulsive  power?  Or  should 

the  solution  of  each  current  mission"  be 
founded  on  a  propulsive  system  so  readily 

expandable  that  we  can,  in  the  very  next 

breath,  leapfrog  past  Diana— and  land  on 

Mars?  Capabilities  and  competence  exist 

now  to  do  just  that.  > 

CO 

CO 



—contracts  and 

procurements 
— 

AWARDS 

AIR  FORCE 
$37,440,068 — General  Dynamics  Corp.,  for  installa- tion and  checkout  of  Atlas  missiles  and  for 

provision  of  ground  support  equipment  (2  con- 
tracts). Work  to  be  done  at  San  Diego,  Calif. 

$35,220,000 — Douglas  Aircraft  Co.,  Santa  Monica, 
Calif.,  for  additional  research  and  development 
work  to  the  Skybolt  missile. 

$27,100,000— Tliiokol  Chemical  Corp.,  Bristol,  Pa. 
for  Stage  I  Minuteman  solid  propellant  rocket 
motors  and  related  material  (2  contracts) . 
Work  to  be  done  at  Brigham,  Utah. 

$6,000,000— Martin  Marietta  Corp.,  New  York 
City,  for  research  and  development  on  vehicles 
for  a  space  program  (supplemental  contract). 
Work  to  be  done  at  Baltimore,  Md. 

$5,150,000 — International  Telephone  and  Telegraph 
Corp.,  New  York  City,  for  fabrication  and 
delivery  of  electronic  equipment  (supplemental 
contract).  Work  to  be  done  at  Paramus,  N.J. 

$4,673,663 — Systems  Development  Corp.,  Santa 
Monica,  Calif,  for  development  and  preparation 
of  system  training  programs. 

$3,924,105 — Philco  Corp.,  for  work  on  space  pro- 
grams. Work  to  be  done  at  Palo  Alto,  Calif. 

$2,500,000 — Space  Technology  Laboratories,  Inc., 
Redondo  Beach,  Calif.,  for  work  on  space 
programs. 

$2,200,000— Rand  Corp.,  Santa  Monica,  Calif.,  for research  in  aerospace  sciences. 
$1,946,660— Radio  Corp.  of  America,  New  York 

City,  for  production  of  time  division  data  link 
equipment.  Work  to  be  done  at  Camden,  N.J. 

$1,087,000— Martin   Marietta   Corp.,   New  York 
City,  for  missile  verification  firings  of  Titan  1 missiles. 

National  Carbon  Co.,  New  York  City,  for  the 
production  of  3  cylinders  of  graphite  and  study 
of  its  high-temperature  behavior  in  the  large 
shapes  required  for  solid  fuel  rockets  (undis- closed amount). 

ARMY 
$2,500,000— Fairchild  Stratos  Corp.,  Hagerstown, 

Md.,  for  research,  development  and  testing  of 
the  AN/USD-5  long-endurance,  multi-purpose 
target  drone. 

$1,790,000— Bechtel  Corp.,  San  Francisco,  Calif., 
for  architect  and  engineering  services  in  con- 

nection with  design  of  space  environmental 
simulator  chambers  for  the  NASA  Manned 
Spacecraft  Center,  Houston,  Tex. 

NAVY 

$1,432,000— Northrop     Corp.,     Nortronics  Div., Anaheim,  Calif  for  retrofit  and  overhaul  of 
Polaris  shipboard  test  equipment. 

$1,038,519— Howard  Research  Corp.,  Arlington, 
Va.,  for  engineering  services,  documentation, 
installation  and  testing  of  fleet  ballistic  missile 
training  facilities  at  the  guided  missile  schools 
at  Dam  Neck,  Va.,  Charleston,  S.C.,  and  Pearl Harbor. 

$248,544 — B.  F.  Goodrich  Aerospace  and  Defense 
Products,  Akron,  Ohio,  for  production  of  full 
pressure  flying  suits. 

$50,000— United    Technology    Corp.,  Sunnyvale, 
Calif.,   for  a  feasibility   study  of  hypergolic 
ignition  of  solid  propellants. 

NASA 
$4,900,000— General  Electric  Co.,  Computer  Dept., 

Phoenix,  Ariz.,  for  continued  support  to  the 
computation   division   of   the  Marshall  Space 
Flight  Center. 

$96,419 — Space  Technology  Laboratories,  Redondo Beach,  Calif.,  for  the  study  of  buckling  of 
shells  under  dynamic  loads. 

$78,089 — Airborne  Instruments   Laboratory,  Deer 
Park,  N.Y.,  for  advanced  design  studies  for 
sounding  planetary  ionospheres. 

United  Aircraft  Corp.,  Corporate  Systems  Center, 
Windsor  Locks,  Conn.,  for  an  investigation  of 
systems   which    might   augment   human  capa- 

R  M  ASBESTOS- 
PHENOLICS 

The  component:  NOZZLE  INSULATION 

The  missile:  POLARIS 

Searing  heat  in  critical  nozzle  areas  of 
the  Polaris  missile  would  cause  most 
materials  to  lose  their  strength,  dimen- 

sional stability  and  other  desirable 
mechanical  properties. 

Yet  in  firing  after  firing,  nozzles  in- 
sulated with  R/M  150  RPD  Pyrotex® 

molding  compound  withstand  the  effects 
of  this  elevated  temperature  for  the  re- 

quired amount  of  time. 
,  This  proved  asbestos-pheolnic  ablates 

uniformly.  It  holds  its  dimensional 
stability  under  the  combined  attack  of 
heat,  corrosion  and  extreme  shock.  Per- 

mits weight  savings  without  sacrificing 
strength. 

R/M  asbestos-phenolics  in  the  form 
of  felts,  mats,  tapes  and  molding  com- 

pounds are  specified  for  almost  every 

specialists  at  R/M.  s  ==e---, Polaris  missile  nozzle  of  \ 
R/M  Style  150  RPD  j 

Pyrotex  molding  compound  "v 

RAYBESTOS-MANHATTAN,  INC. 
Reinforced  Plastics  Department  ,Manheim,Pa. 

SPECIALISTS  IN  ASBESTOS, 
RUBBER,  ENGINEERED  PLASTICS,  SINTERED  METAL 
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ENGINEERS  •  SCIENTISTS 

CAN  YOU  CARRY 

A  PROJECT  FROM 

CONCEPTUAL  REALIZATION 

TO  LABORATORY 

DEVELOPMENT  IN  ONE 

OF  THESE  AREAS: 

PHOTOGRAMMETRY 

CHARACTER 

RECOGNITION 

PRECISION 

MEASURING 

EQUIPMENT 

VISUAL 

1MULATI0N  SYSTEMS 

FOR  SPACE  FLIGHT 

If  your  answer  is  "yes"  we  sincerely 
believe  that  Link  Division/General 
Precision,  Inc.  can  offer  you  an 
unusual  opportunity  to  employ  your 
full  professional  talents  on  meaning- 

ful, long-term  programs.  The  Engi- 
neers and  scientists  we  are  seeking  to 

fill  a  number  of  select  openings  will 
have  the  ability  to  depart  from  off- 
the-shelf  concepts  and  the  competence 
and  confidence  to  work  in  previously 
unexplored  areas. 

To  arrange  a  convenient  interview, 
direct  your  inquiries  in  confidence  to: 

Mr.  J.  T.  Gibbons 

L
-
 

POSITIONS  ARE  AVAILABLE 
TO  INDIVIDUALS  WITH 
PREVIOUS  EXPERIENCE  IN: 

#  Optical  Systems 
#  Photogrammetry 
#  Interferometry 
#  Circuit  Development 

#  TV  Systems 
#  Digital  Systems 
#  Servo  Systems Analysis 
0  Analog/Digital 

Systems 
#  Mechanical  Systems 

LINK  DIVISION 

E>©@ra[i[^x[L 

LPDS[!©D©0©M] 
BINGHAMTON,  NEW  YORK 

An  Equal  Opportunity  Employer 

L
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bilities  for  manned  space  flights  to  make  man 
more  compatible  with  his  spacecraft  environ- ment (undisclosed  amount). 

Whirlpool  Corp.,  Benton  Harbor,  Mich.,  for  build- 
ing food  and  waste  management  equipment  for 

the  two-man  Gemini  spacecraft  which  will 
perform  prolonged  orbital  missions  starting  in 
the  1963-64  period  (undisclosed  amount). 

Ling-Tern co- Vought,  Inc.,  Dallas,  Tex.,  for  devel- 
opment of  a  unique  composite-entry  heat  pro- 

tection system  for  manned  spacecraft  (undis- closed amount). 

INDUSTRY 
$12,000,000 — Arde-Portland,  Inc.,  Paramus,  N.J., 

from  Thlokol  Chemical  Corp's  Wasatch  Div., for  the  manufacture  of  an  undisclosed  number 
of  thrust  vector  nozzles  for  the  first  stage 
engine  of  the  Minuteman  missile. 

$5,250,000— Straza  Industries,  El  Cajon,  Calif., 
from  Aerojet-General  Corp.,  for  rocket  nozzle 
assemblies  for  the  Minuteman  missile  (several contracts). 

$850.000— Cosmodyne  Corp.,  Hawthorne,  Calif., 
from  General  Technology,  Inc.  and  the  Uni- 

versity of  Southern  California,  for  two  space 
chambers  and  ten  high-pressure  truck-mounted 
liquid-nitrogen  pumping  systems. 

$500,000— NRC  Equipment  Corp.,  Newton,  Mass.. 
from  McDonnell  Aircraft  Corp.,  for  six  space 
simulation  chambers  and  associated  vacuum 
equipment. $200,000 — McCormick  Selph  Associates,  Inc., 
Hollister,  Calif.,  from  Martin  Marietta  Corp., 
Orlando,  for  exploding  bridgewire  ordnance 
components  for  the  Pershing  missile. 

$200,000 — Giannini  Controls  Corp.,  Duarte,  Calif., 
from  Martin  Co.,  for  gyro  packages  for  use 
in  the  Gemini  launch  vehicle. 

$169,000 — Consolidated  Vacuum  Corp.,  Rochester, 
N.Y.,  from  CEC/Bell  &  Howell,  for  a  high- 
vacuum  pumping  system  for  use  in  testing  ion 
propulsion  engines. R.  D.  Werner  Co.,  Inc.,  Greenville,  Pa.,  from 
Boeing  Co.,  for  structural  scaffolding  to  be 
used  on  rocket  preparation  pads  at  Coral 
Beach,  Fla.  (undisclosed  amount). 

Twin  Industries  Corp.,  Buffalo,  N.Y.,  from  West- inghouse  Corp.,  for  radar  and  power  supply 
enclosures  for  the  Typhon  shipboard  missile 
guidance  system  (undisclosed  amount). 

REQUESTS  FOR  BIDS 

GENERAL  PROCUREMENTS 
Direct  Support  (Free  Flight)  Weapons  Systems Div. 
Directorate  of  Procurement  and  Production, 
U.S.  Army  Missile  Command Redstone  Arsenal,  Ala. 
Metal  parts  for  the  improved  Honest  John 

rocket  motor,  XM3 1E4.  Period  of  performance 
to  be  from  effective  date  of  contract  through  June 
1964  for  bid  "A"  and  bid  "B".  The  date  set  for 
opening  of  proposals  covering  item  8  below  is 
Nov.  9,  1962.  Items  and  quantities  to  be  procured 
are  as  follows:  (1)  XM31E4  rocket  motor,  bid 
"A",  540  each— bid  "B'\  786  each,  (2)  immobili- 

zer assembly,  bid  "A",  540  each— bid  "B",  786 
each,  (3)  resonance  suppressor,  bid  "A",  540 each — bid  "B",  786  each,  (4)  igniter,  bid  "A". 
590  each — bid  "B",  866  each,  (5)  pedestal  assem- 

bly, bid  "A",  467  each— bid  "B",  696  each,  (6) 
fin  XM17  w/fin  com.,  bid  "A",  1868  each— bid "B",  2784  each,  (7)  forward  motor  fairing,  bid "A",  934  each— bid  "B",  1392  each,  (8)  rocket 
motor  XM37E3.  bid  "A",  2028  each— bid  "B". 3024  each.  Items  1  through  7  are  to  be  solicited 
from  current  and /or  prior  producers  and  other 
qualified  producers  as  deemed  necessary  by  each 
Ordnance  District  to  obtain  adequate  competition. 
This  procurement  is  being  synopsized  for  prime 
and  subcontracting  opportunities.  Previous  pro- curements of  the  above  listed  items  have  decidedly 
shown  that  the  Honest  John  rocket  maior  com- 

ponents are  of  a  complex  nature  requiring  sub- 
stantial know-how,  initial  investment  and  an 

extended  period  of  preparation  for  manufacture. 
No  security  clearance  will  be  required  of  the 
successful  bidder  or  offeror.  Specs  and  drawings 
for  this  procurement  action  are  available  at  all 
U.S.  Army  Ordnance  Districts.  Item  No.  8,  rocket 
motor  XM37E3,  is  being  100  per  cent  set  aside 
for  small  business  and  is  being  synopsized  for 
prime  and  subcontracting  opportunities  to  concerns which  are  not  on  the  current  bidders  list. 
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What  Is  Your 

WELDED  DIAPHRAGM 

Take  This  2  Minute  "Refresher  Course"  For  Better  Bellows  Performance 

1 .  Can  you  depend  on  long 
operating  life  .  .  .  into  millions 
of  cycles? 

□  YES  □  NO 

2>  Can  you  depend  on  uniform 
performance  from  bellows  to 
bellows? 

□  YES  □  NO 

3.  Will  welded  diaphragm  bel- 
lows give  you  a  constant  effec- 

tive area  over  a  large  pressure 
ranger 

□  YES  □  NO 

4.  Can  you  count  on  excellent 
spring  characteristics  and  pres- 

sure deflection  curves  from  these 
bellows? 

□  YES  □  NO 

5.  Will  the  welded  technique 
reduce  outgassing  of  evacuated 
and  sealed  assemblies? 

□  YES  □  NO 

6.  Will  you  have  bellows  leak 
tightness  to  mass  spectrometer 
sensitivity? 

□  YES  □  NO 

7.  Can  you  obtain  long  stroke 
in  a  short  package? 

□  YES  □  NO 

8.  In  floated  instruments  can 

you  get  large  volumetric  com- 
pensation in  a  small  bellows envelope? 

□  YES  □  NO 

9.  Will  welded  bellows  with- 
stand high  pressures  and 

temperatures? 
□  YES  □  NO 

10  .  Can  these  bellows  be  made 
to  resist  a  wide  range  of  corro- 

sive elements? 
□  YES  □  NO 

If  you  answered  "yes"  to  all  ten questions,  your  bellows  IQ  is 
high  ...  as  high  as  the  perform- 

ance you'll  get  with  welded 
diaphragm  metal  bellows. 

METAL  BELLOWS  CORPORATION  designs  and  manufactures  welded  diaphragm  bellows  assemblies  for  a  growing  number 
of  diversified  applications  —  industries:  A  few  illustrations  are  shown  below. 

ROTATING  SHAFT  SEALS 
PRESSURE  SENSING VALVE  SEALS 

VOLUME  COMPENSATOR 

Your  inquiry  on  research,  engineering  and  fabrica- 
tion of  welded  metal  diaphragm  bellows  is  invited. 

Metal  Bellows  Corp.  is  set  to  serve  you  from  East  or 
West  coast  plants. 

MICA  LANE,  WELLESLEY  HILLS  82,  MASSACHUSETTS  •  Pacific  Division  •       Knapp  St.,  Chatsworth  (L.  A.)  California 
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The  USS  Skate  and  USS  Seadragon,  in  a  cool  job  of  precision 

navigation  from  opposite  sides  of  the  globe,  have  made  a 
historic  rendezvous  under  the  Arctic  ice  pack-proving  how 
advanced  is  this  nation's  undersea  technology  today.  Sperry 
congratulates  the  commanders,  crews  and  scientists  of  these 
nuclear  submarines.  Considerable  Sperry  gear  was  aboard 
both  578  and  584-and  on  each,  a  Sperry  field  engineer. 

Missile-like  guidance  systems  -  Sperry  SINS  (for  Ship's 
Inertial  Navigation  System) -measured  everything  from  the 

drift  of  each  sub  to  the  earth's  rotation  during  the  voyage. 
The  inertial  heart  of  SINS-precision  gyros  and  accelerome- 
ters-provided  continual  azimuth,  position  and  vertical.  SINS 

Circle  No.  13  . 54 

could  not  have  been  confused  by  known  countermeasures. 

Mark  19  and  Mark  23  Gyro-compasses  provided  precise 

supplementary  navigational  reference  .  .  .  Stabilized  Pen- 
scope  Sextants  permitted  star  fixes  when  needed,  with  data 

computed  automatically  ...  and  the  subs  had  automatic 
course  and  depth  controls,  combined 

steering  and  diving  instrumentation— all 
by  Sperry  and  all  contributing  to  the exacting  feat. 

Navy  has  done  it  again,  and  Sperry  D|V|^*g  of 
is  proud  to  have  played  a  key  industry  SPErry  rand 

role.  General  offices:  Great  Neck,  N.  Y.  corporation 
Subscriber  Service  Card 



Boeing  has  been  awarded  primary  developmental,  building 

and  test  responsibility  for  NASA's  Saturn  S-IC  advanced 
first  stage  booster.  Aero-Space  Division's  new  Saturn 
Booster  Branch  has  immediate,  long-range  openings  offer- 

ing professional  challenge,  rapid  advancement  and  ground- 
floor  opportunities  to  graduate  engineers  and  scientists. 

This  new  Saturn  program  is  expanding  rapidly,  providing 
unique  advancement  advantages  to  properly  qualified 
Structural  Design,  Electronics/Electrical,  Propulsion,  Aero- 

nautical, Cyrogenics,  Systems  Test,  Thermodynamics, 
Mechanical  Design,  Industrial  and  Manufactur 
ing  Engineers,  as  well  as  to  Physicists  and 
Mathematicians. BOEING 

Salaries  are  commensurate  with  all  levels  of  education  and 
experience.  Minimum  requirements  are  a  B.S.  degree  in 
any  applicable  scientific  discipline.  Boeing  pays  liberal 
travel  and  moving  allowances  to  newly-hired  engineers. 
Assignments  are  in  New  Orleans  as  well  as  in  Huntsville, 
Alabama.  Positions  with  Saturn,  and  other  missile  and 

space  programs  at  Boeing  —  including  the  solid-fuel  Minute- 
man  ICBM  and  X-20  (Dyna-Soar)  boost-glide  vehicle  —  are 
also  available  at  Seattle,  Cape  Canaveral  and  Vandenberg 
AFB,  California. 

Send  your  resume  to  Mr.  R.  R.  Gregg,  The 
Boeing  Company,  P.  O.  Box  26088  -  MSB,  New 
Orleans,  La.  An  equal  opportunity  employer. 

Divisions:  Military  Aircraft  Systems  •   Transport  •  Vertol   •  AERO-SPACE  .   Industrial  Products— Boeing  Scientific  Research  Laboratories 
55 



about  TELEDYNE®  and  TELEFUGHT®  pressure  systems 

Taber  Amplifiers  ride  Atlas  in 

Aerospace  Corp.  conductivity  test 

Employing  three  Taber  Amplifiers,  an  experiment  conceived  by  Aerospace  Cor- 
poration for  the  U.  S.  Air  Force  rode  an  Atlas  missile,  successfully  measuring, 

for  the  first  time,  electrical  conductivity  of  ionized  air  during  re-entry.  The 
amplifiers  increased  and  demodulated  the  signal  from  a  sensing  transducer, 
matching  it  to  the  input  requirements  of  the  telemetry  system. 

Aerospace  writes,  "Taber  Amplifiers  met  our  rigid  performance  specifications 
.  .  .  performed  properly  during  flight  and  are  still  being  used  for  laboratory  test 
purposes  despite  immersion  in  salt  water  for  several  hours  before  recovery." 

Compact,  lightweight  Taber  Amplifiers  are  reliable  under  extremes  of  tem- 
perature and  vibration.  Available  to  meet  a  wide  range  of  AC  and  DC  output 

requirements,  they  can  be  combined  with  Taber  Strain  Gage  Transducers  as 
compact  pressure  sensing  packages. 

Detailed,  illustrated  literature  on  Taber  Amplifiers  and  Transducers  may  be 
obtained  by  mailing  this  coupon  attached  to  your  letterhead. 

J  mim  bUwm  www  tmm  ̂ mm  m  mam  mmm  mmm  mmm  mmm  mmm  mmm  mmm  an  «  mmm  mm 
TO:  TABER  INSTRUMENT  CORPORATION 
AEROSPACE  ELECTRONICS  DIVISION  SECTION  217 
107  Goundry  Street,  North  Tonawanda,  N.  Y. 
Send  detailed  information  on  Taber  Amplifiers  and  Transducers. 

dept. 

city 

-names  in  the  news- 

H.  Leslie  Hoffman:  Founder  and  presi- 
dent of  Hoffman  Electronics  Corp.,  Los 

Angeles,  Calif.,  elected  chairman  of  the 
board.  Stanley  W.  Horrocks,  formerly  exec- 

utive vice  president  of  North  American 
Aviation,  Inc.'s  Autonetics  Div.,  named 
president. 

Stanley  M.  Smolensky,  formerly  with 
Thiokol  Chemical  Corp.  has  joined  NASA 
as  Deputy  to  Milton  W.  Rosen,  Director 
of  Launch  Vehicles  in  the  Office  of 
Manned  Space  Flight. 

Richard  C.  King:  Appointed  coordina- 
tor, aerospace  and  defense  projects  for 

Kaiser  Industries  Corp.,  Washington,  D.C. 

Robert  E.  Hull:  Elected  vice  president 
of  engineering  at  Radio  Engineering  Lab- 

oratories, Inc.,  Long  Island  City,  N.Y. 

Dewey  Thiessen:  Promoted  to  chief 
engineer  of  Fairchild  Stratos  Aircraft- 
Missiles  Div.,  Hagerstown,  Md. 

Arthur  E.  Thake:  Elected  vice  president 
of  manufacturing  of  Consolidated  Vacuum 
Corp.,  Rochester,  N.Y. 

Dr.  J.  M.  B.  Kellogg:  Named  research 
advisor  at  the  Los  Alamos  Scientific  Lab- 

oratory, Los  Alamos,  N.M.  Dr.  Richard 
F.  Taschek  named  head  of  the  laboratory's 
physics  division  and  Dr.  Louis  Rosen 
named  alternate  physics  division  leader. 

Harold  S.  Becker:  Appointed  manager 
of  Aerospace  Corp.'s  Special  Vehicle  Proj 
ects  Office,  Systems  Research  and  Planning 
Div.,  Los  Angeles,  Calif. 

Ralph  Wight:  Appointed  operations 
manager  of  Fairchild  Camera  and  Instru- 

ment Corp.'s  Defense  Products  Div.,  Los 
Angeles,  Calif. 

Eugene  W.  Murphy:  Appointed  assist- 
ant director  of  public  relations  for  Repub- 

lic Aviation  Corp.,  Farmingdale,  N.Y. 

Saul  Fast:  Named  vice  president  and 
technical  advisor  of  National  Co.,  Inc., 
Maiden,  Mass. 

James  A.  Summer:  Elected  a  vice  presi- 
dent of  General  Mills,  Minneapolis,  Minn. 

Joseph  D.  Hogan:  Appointed  manager 
of  materials  for  The  Geraldines  Ltd., 
Annapolis,  Md. 

William  A.  Buck:  Appointed  manager 
of  Marconi  Instruments,  Englewood,  N.I. 

Dr.  Paul  R.  Fuller:  Named  chief  of  the 
behavior  systems  section  of  the  life  sciences 
department  at  Martin  Co.'s  Space  Systems Div.,  Baltimore,  Md. 

C.  R.  Bunch:  Appointed  manager  of 
Air  Force  Programs  for  the  Garrett  Corp., 
Los  Angeles,  Calif. 

Howard  N.  Sachar:  Appointed  manager 
of  international  marketing  for  Thompson 
Ramo  Wooldridge,  Inc.,  El  Segundo,  Calif. 

56 Circle  No.  11  on  Subscriber  Service  Card m issiles  and  rockets,  September  24,  1962 



INTEGRATED  CAPABILITIES  FOR  SPACE-AGE  CRYOGENICS 

COLD  NOSE 

The  "cold  nose"  of  this  Air  Products  cryostat  has  achieved  near-absolute-zero  environments  as  low  as  2.5°K  (—  455. 2°F). 
Cryostat  pictured  is  part  of  an  Air  Products  closed-cycle  helium  refrigerator  developed  for  Bell  Telephone  Laboratories 
under  contract  with  the  Army  Ordnance  Missile  Command-.  The  completely  self-contained  refrigeration  system  provides 
maser  cooling  without  need  for  external  supply  of  cryogenic  liquids  that  boil  away  in  open-cycle  systems. 

Today,  Air  Products  manufactures  a  complete  line  of  single-  and  multi-fluid  cryogenic  refrigerators.  Applications 
range  from  the  creation  of  ultralow-temperature  environments  for  space  chamber  "cryopumping".  .  .  to  cryogenic  cooling 
of  masers,  infrared  detectors,  superconducting  magnets,  computer  memory  planes,  and  other  electronic  sensing  devices. 

Miniaturization  of  components  —  pioneered  by  Air  Products  —  makes  possible  the  application  of  cryogenic  electronics 
coolers  where  compactness  and  light  weight  are  prime  requisites.  Ability  to  engineer  standard  and  custom  components 

into  "critical-performance"  systems  gives  added  flexibility  in  meeting  specialized  requirements  of  industry  and  govern- 
ment customers. 

Customers  benefit,  too,  from  Air  Products  depth  of  experience  in  all  phases  of  cryogenics  .  .  .  from  initial  develop- 
ment and  design  through  on-site  operations  of  large-scale  cryogenic  production  facilities. 
Whatever  your  requirements  for  cryogenic  cooling,  it  pays  to  contact  Air  Products  first. 

INC 
Allentown,  Pennsylvania  " 

DEFENSE  AND  SPACE  DIVISION 
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Chemical,  Mechanical,  Aeronautical,  Electronic 
Engineers/Chemists/ Physicists/Mathematicians 
At  ALLEGANY  BALLISTICS  LABORATORY,  operated  by 
Hercules  Powder  Company  for  the  Navy  since  1945, 
wide  ranging  R&D  programs  are  aimed  at  advancing 
the  state  of  the  art  in  all  phases  of  rocketry,  to  meet 
the  need  for  hotter  propellants  and  a  new  order  of 
precision  in  guidance  and  control.  □  This  is  a  stimu- 

lating, interdisciplinary  effort.  The  scientist  and  Engi- 
neer at  ABL  works  in  close  collaboration  with  specialists 

in  many  other  fields,  in  an  invigorating  atmosphere  of 
success.  Past  achievements  include:  Deacon,  Talos, 
Terrier,  Nike  rockets  and  boosters;  last  stage  motors 
for  Polaris  A-2  and  A-3;  the  ALTAIR  motor,  which  has 
furnished  critical  upper  stage  propulsion  for  over  50 
successful  launchings  of  satellites,  space  probes  and 
test  vehicles.  □  Previous  rocket  experience  is  not  essen- 

tial for  many  of  these  positions.  Demonstrated  capa- 
bility in  your  discipline  is  the  prime  criterion  for  an 

assignment  in  one  of  the  areas  below. 

QUEST, 

for  a  newovjer  of 

THRUST  &fcO^R0L 

ADVANCED  DESIGN  RESEARCH  (BS, MS,  PhD).  Studies  for  advanced  rocket 
systems  to  establish  system  concepts  and 
optimize  preliminary  design  criteria. 
MECHANICAL  DESIGN  RESEARCH 
(BS,  MS,  PhD).  Of  materials  behavior,  ex- haust gas  control,  insulation.  Hardware 
feasibility  studies  for  future  systems. 
DESIGN  AND  DEVELOPMENT  (BS,  MS). 
Of  complete  rocket  motors,  including  pres- sure vessels,  nozzles,  all  accessories.  Ex- perience in  fluid  flow,  stress  analysis,  heat transfer,  and  mechanics  desirable. 
COMBUSTION  RESEARCH  (MS,  PhD). 
Theoretical  and  applied  studies  of  com- bustion process  in  rocket  chamber  under firing  conditions. 
GAS  DYNAMICS  (MS,  PhD).  Analytical 
and  experimental  studies  of  particle  flow, 
nozzle  efficiency,  altitude  performance 
parameters,  thrust  magnitude  and  vector control. 
PROPELLANT  RESEARCH  (MS,  PhD). 
Theoretical  and  experimental  investigations 
of  propellant  detonability,  bonding  charac- teristics, propellant  formulation,  morphol- ogy and  rheology  of  filled  solid  polymers and  slurries,  stress  analysis. 
STRESS  ANALYSIS  (BS,  MS,  PhD).  Anal 
ysis  of  filament-wound  pressure  vessels and  rocket  motor  components. Write  in  confidence  to:  Mr.  W.  D.  Linkenhoker,  Dept.  3J-4 

ENGINEERING  SPECIALISTS  (BS,  MS, 
PhD).  8-10  years  experience;  analysis,  heat 
transfer,  systems  analysis,  missile  ballis- tics, internal  rocket  ballistics,  insulation, 
fluid  dynamics. 
INSTRUMENTATION  (BS,  MS).  Design and  develop  instrumentation  to  obtain  data from  static  firing  tests,  entire  cycle  from 
sensing  devices  cn  motor  to  data  collecting mechanisms.  Design  and  develop  process 
instrumentation  for  production  of  propel- lants and  component  chemicals. 
PROCESS  ENGINEERING  (BS,  MS).  De- sign  improved  material  handling,  molding, 
tooling  and  process  equipment  for  propel- lant and  rocket  manufacturing. 
TEST  ENGINEERING  (BS,  MS).  Build and  analyze  static  firing  test  stands  and associated  hardware.  Recommend  range 
handling  and  operating  equipment  includ- ing environmental  test. 
ACOUSTICAL  PHYSICS  (MS,  PhD).  Ana lyze  behavior  of  burning  rockets  under various  acoustical  phenomena. 
DATA  REDUCTION  (BS,  MS).  Prepare 
calculation  systems  for  programming  com- plex data  into  IBM  7074  computer. 
STATISTICS  (MS,  PhD).  Apply  statistical 
methods  to  quality  control,  reliability,  re- search test  procedures  and  analyses  of 
test  data. 

JiBlS,  Allegany  Ballistics  Laboratory 

OljiJ' OPERATED  BY  HERCULES  POWDER  COMPANY FOR  BUREAU  OF  NAVAL  WEAPONS 
CUMBERLAND.  MARYLAND 

The  Nation's  Foremost  Rocket  Research  Laboratory 
All  qualified  applicants  will  receive  consideration  for  employment  without  regard  to  race,  creed,  color  or  national  origin. 58 
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products  and  processes 

New  Product  of  the  Week: 

Electronic  Bearing  Analyzer 

A  device  to  electrically  test  sliding 
ring  and  self-aligning  bearings  has  been 
developed  by  Bearing  Inspection,  Inc. 
The  Model  BA-20-2HV  is  designed  to 
evaluate  surface  defects  on  raceways' 
rolling  elements  and  operating  charac- 

teristics of  retainers  and  shields  of  com- 
pletely assembled  bearings. 

The  unit  is  applicable  for  either  new 
bearing  analysis  or  as  an  essential  instru- 

ment for  companies  engaged  in  used 
bearing  reclamation  programs. 

Dynamic  analysis  is  achieved  through 
three  testing  stations  consisting  of  a  go- 
no-go  quality  meter  to  evaluate  the 
severity  of  a  defect,  an  integral  oscil- 

loscope to  determine  the  position  of 
the  defect  and  an  audio  signal  S3'stem 
that  provides  constant  radio  monitoring 
through  the  testing  operation. 

The  standard  chuck  is  capable  of 
handling  97%  of  all  bearing  sizes,  from 
the  smallest  instrument  type  up  to  large 
jet  engine  sizes,  either  dry  or  lubricated, 
ball  or  roller.  The  drive  unit  incorporates 
a  new  suspension  system  for  the  motor 
and  power  transmission  chain  that  pro- 

vides exceptional  damping  and  isolation 
properties  to  insure  that  only  true  vibra- 

tion signals  from  the  bearing  being 
tested  are  transmitted. 

Circle  No.  225  on  Subscriber  Service  Card 

Waveguide  Switch 

A  latching-type  waveguide  switch 
requiring  no  holding  current  is  available 
from  Waveguide,  Inc.  The  unit  does 
not  necessitate  current  to  maintain 
cither  an  open  or  closed  position.  Model 
YV51AH2L  is  designed  for  X-band 
operation  and  is  available  in  T-junction 
SPDT,  as  well  as  4-post  transfer 
versions. 

A  30-msec.  pulse  of  900  ma.  is  re- 
quired to  open  the  switch,  and  a  10- 

msec.  pulse  of  900  ma.  will  close  it.  It 
exhibits  excellent  RF  characteristics. 
Isolation  is  55  db  minimum,  insertion 
loss  is  0.1  db  maximum,  and  VSWR  is 
1.05:1  for  any  10%  band. 

Circle  No.  226  on  Subscriber  Service  Cord 

Triple  Conversion  Receiver 

A  general-purpose  triple-conversion 
radio  receiver  operating  between  70 
kilocycles  and  30  megacycles  in  15  band 

segments  is  available  from  Mackay  Ra- 
dio and  Telegraph  Co.,  subsidiary  of 

International  Telephone  and  Telegraph 
Corp.  The  Model  301 0B  is  designed  for 
use  aboard  ships,  where  vibration,  at- 

mospheric changes,  and  other  severe 
environmental  conditions  exist.  The  unit 
provides  reception  of  AM,  CW,  SSB, 
and  FSK  signals  and  may  be  operated 
down  to  10  kilocycles  with  somewhat 
reduced  sensitivity. 

Circle  No.  227  on  Subscriber  Service  Card 

Liquid  Gas  Converter 

Compact  liquid  gas  converter  units 
have  been  developed  by  Aro-Firewel  to 
provide  an  energy  source  or  pressure 
for  many  aerospace,  industrial  or  labora- 

tory applications,  wherever  compression 
or  high-pressure  systems  are  required. 

The  self-contained  unit  maintains  a 
constant  flow  during  operating  cycle,  is 
adjustable  to  produce  pressures  from 
500  to  5000  psi. 

Cfrcle  No.  228  on  Subscriber  Service  Card 

UPl 
needs 

SCIENTISTS 
AND  ENGINEERS 
for 
JPL's  Lunar  and  Planetary  Programs 

with  experience  in  any  of  the  follow- 

ing areas: •  Celestial  Mechanics 
•  Orbit  Determination 

•  Space  Navigation  Theory 
•  Trajectory  Studies 
•  Systems  Analysis 

Openings  are  now  available  in  both 
theoretical  and  project  positions. 

Send  complete  resume  to 
PERSONNEL  DEPT. 

JET  PROPULSION 
LABORATORY 

Operated  by  California  Institute  of  Technology  for 
the  National  Aeronautics  &  Space  Administration 
4808  OAK  GROVE  DR.  •  PASADENA,  CALIF. 

"An  equal  opportunity  employer" 
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Vacuum  Booster 
An  ultra-high  vacuum  ion  pump 

system,  Ultek  BoostiVac,  capable  of 
vacuums  of  5  x  10-9  torr  in  4  hrs.  is 
being  marketed  by  Ultek  Corp.  Com- 

plete freedom  from  oil  contamination 
is  achieved  in  the  system,  which  is 

capable  of  1  to  2  x  10-°  overnight 
without  bakeout.  The  system  is  all  elec- 

tric in  operation  and  eliminates  the  need 
for  liquid  nitrogen,  water  or  air  services. Circle  No.  229  on  Subscriber  Service  Cord 

Multi-Turn  Pots 
Any  combination  of  two  precision 

linear-  or  functional-output  potentiom- 
eter elements,  mounted  in  the  same 

small  case  usually  reserved  for  a  single 
element,  can  be  specified  for  use  in 
multi-turn  designs  with  the  introduction 
of  the  Model  7810  Precision  Potentiom- 

eter, made  by  Computer  Instruments 
Corp. 

Model  7810's  case  can  be  as  small  as 
l5/ie  in.  long  by  %  in.  dia.  All  elements 
are  made  to  customer  requirements. 

Circle  No.  230  on  Subscriber  Service  Card 

Arcmeter 

The  "Arcmeter,"  an  optical  angular 
measuring  and  calibration  instrument 
used  to  pre-set  or  check  out  missile 
guidance  equipment,  digital  shaft  en- 

coders, gyro  test  tables,  and  compli- 
cated indexing  devices  is  available  from 

David  W.  Mann  Co. 

The  instrument  is  equipped  with  a 
6-in.  dia.  precision-ruled  glass  circle. 
Each  circle  is  an  original  ruling  with  an 

angular  accuracy  to  one  second  of  arc, 
and  is  designed  for  simple  mounting  or 
integration  in  complex  equipment  to 
perform  its  measuring  or  calibration 
operation,  and  carries  a  built-in  auto- 

matic correction  mechanism  for  eccen- 
tricities of  mounting.  It  also  provides  a 

direct  read-out  capability,  eliminating 
any  need  for  performing  mental  calcu- 

lations in  conjunction  with  its  operation. 
Circle  No.  231  on  Subscriber  Service  Cord 

Miniature  Slip  Ring 
Assembly 

A  microminiaturized  slip  ring  assem- 
bly featuring  low  noise  and  low  torque 

is  available  from  Slip  Ring  Co.  of  Amer- 
ica for  use  with   inertial  navigation 

guidance  systems.  Designated  SCA  1550, 
the  capsule  fully  meets  all  requirements 
of  MIL-E-5400C  and  MIL-E-5272-B. 

The  assembly  measures  only  0.250 
in.  diameter  by  0.750  in.  overall  length. 
It  includes  20  solid  gold  rings  and  40 
brushes  with  a  stainless  steel  sealed 
housing  and  Teflon-insulated  leads.  The 
rotor  in  integrally  molded  and  is  mounted 
at  both  ends  on  precision  bearings. 
Other  specifications  include  1  amp  rat- 

ing of  all  circuits  and  ability  to  operate 
in  ambient  temperatures  ranging  from 
-65°F  to  350°F. 

Circle  No.  232  on  Subscriber  Service  Card 

new  literature 

AN  INTRODUCTION  TO  SOLIONS 
—  An  illustrated  brochure  available 
from  Texas  Research  and  Electronic 
Corp.  covers  the  electromechanical 
principle  of  the  solion  redox  system  and 
describes  the  characterization  of  solion 
tetrodes  and  solion  two-terminal  devices. 
Applications  notes  and  circuit  design 
techniques  are  included. 

Circle  No.  200  on  Subscriber  Service  Card 
ROTARY  SWITCH  SELECTOR— A 
catalog  containing  12  pages  has  been 
completed  by  Janco  Corp.  Over  25 
standard  and  special  application 
switches  are  pictured  and  described.  The 
catalog  also  gives  general  information 
on  Janco  quality  control,  operational 
and  environmental  data. 

Circle  No.  201  on  Subscriber  Service  Card 

CURTISS-WRIGHT  ELECTRONICS... 

adding  a  new  dimension  to  the  capability  of  man 

B-58  BOMB  NAV 
SIMULATOR, 
designated 
AN/ASQ-T2,  uses 
hemispherical 
recorders  to  trace 
"flight."  Precise position  is 
determined  by 
celestial  navigation 
using  six  stars  and 
the  sun  together 
with  position 
verification  from  a 
land-mass  radar  < 
system.  The 
Curtiss-Wright 

.  simulator  provides 
stored  radar  data 
for  four  million  sq. 
miles  of  area  with 
sufficient  resolution 
to  detect  landmarks 
as  small  as  200  feet. 



TEMPERATURE  CONTROL  UNIT 
— An  illustrated  bulletin  released  by 
Mokon  Division  of  Protective  Closure 
Co.,  Inc.,  presents  an  improved  control 
unit  for  regulating  plastic  injection  mold 
temperatures  through  a  single  dial. 
Operating  features  are  described  and 
illustrated  to  show  how  the  compact 
Mokon  system  can  be  used  to  circulate 
water  through  the  mold,  heating  and 
cooling  it  as  required  (40-250°F). 

Circle  No.  202  on  Subscriber  Service  Card 

ROTARY  ACTUATORS— Capable  of 
several  turns  output  and  providing 
torque  from  10  to  1,000,000  in.-lbs., 
rotary  actuators  are  described  in  detail 
in  a  brochure  available  from  Graham 
Engineering  Co.  Hydraulically  or  pneu- 

matically powered,  Rota-Cyl  rotary 
actuators  attach  simply  onto  new  prod- 

ucts or  existing  installations.  Size  and 
weight  are  Vs  that  of  previously  avail- 

able rotary  actuators  or  cylinder-type 
devices.  Control  schematics  for  pneu- 

matic or  hydraulic  operation  are 
included,  together  with  essential  appli- 

cation information. 
Circle  No.  203  on  Subscriber  Service  Card 

SUBMINIATURE  POTENTIOM- 
ETERS— A  technical  data  sheet  on 

Daystrom  302  series  squaretrim  (R) 
subminiature  trimming  potentiomenters 
provides  complete  specifications  cover- 

ing these  tiny  Vi-in.  sq.  units.  With  a 
range  of  10  ohm  to  65  kilohms,  oper- 

ating temperature  range  of  —55  to 
150°C,  a  power  rating  of  1  watt  in  still 
air  and  meeting  or  exceeding  all  appli- 

cable MIL  specs,  the  side-pin  poten- 
tiometers in  the  Daystrom  Squaretrim 

302  series  are  used  for  the  delicate 
adjustment  of  computer,  control,  tele- 

metering, missile,  and  other  critical  mili- 
tary and  industrial  electronic  circuits. 
Circle  No.  204  on  Subscriber  Service  Card 

CONTACT  RELAYS— An  eight-page 
catalog  describing  a  series  of  mercury- 
wetted  contact  relays  is  available  from 
Potter  &  Brumfield  Div.  of  American 
Machine  &  Foundry  Co.  Design  de- 

tails of  the  mercury-wetted  contact  ar- 
rangement, and  electrical  and  physical 

performance  characteristics  featured  in 
the  catalog  are  helpful  in  determining 
a  wide  variety  of  application  possi- 

bilities for  mercury-wetted  contact  re- 
lays, designated  the  JM  Series.  Also 

included  are  formulas  with  which  to 
calculate  contact  operating  characteris- 

tics, stroboscopic  photo-drawings  show- 
ing the  action  of  mercury  on  contact 

surfaces,  and  tables  of  resistance  rat- 
ings and  values  of  maximum  voltages. 
Circle  No.  205  on  Subscriber  Service  Card 

COMPUTING  SYSTEM— A  16-page 
brochure  entitled  "A  Technical  Intro- 

duction to  the  Bendix  G-21  Computing 
System"  is  available  from  the  Manager 
of  Military  Applications,  Bendix  Com- 

puter Division.  A  maximum  unit  of  the 

"super  computer,"  made  of  basic  G-20 
components,  offers  a  total  of  81,000 
words  of  core  memory  (up  to  57,344 
words  of  system-common  core  memory 
and  up  to  8192  words  of  core  memory 
assigned  to  each  processor) . 

Circle  No.  206  on  Subscriber  Service  Card 

HEAT  RADIATORS— Technical  Data 
Sheet  1002  describes  the  4AL  series  of 
heat  radiators,  developed  by  the  In- 

dustrial Div.,  the  Birtcher  Corp.,  for 
mounting  high-powered  semiconductors 
where  50,  100,  200  and  higher  wattage 
dissipation  is  required.  Included  are 
detailed  drawings  of  radiators  and  12- 
hole  pattern  layouts,  qualification  tests 
with  chart  of  watts  dissipated  in  rela- 

tion to  temperature  rise,  and  a  list  of 
distributors. 

Circle  No.  207  on  Subscriber  Service  Card 
SCIENTIFIC  AND  ANALYTICAL 
INSTRUMENTS  —  The  Scientific  In- 

struments Division  of  Engis  Equipment 
Co.  has  published  a  listing  of  instru- 

mentation, publications  and  books.  It 
features  particularly  Hilger  &  Watts 
scientific  and  analytical  instruments  for 
use  wherever  the  electro-magnetic  spec- 

trum is  the  basis  for  analysis  and  re- 
search. Publications  available  include 

descriptions  and  specifications  of  such 
major  equipment  as  atomic  absorption, 
color-meter,  etalons,  gratings,  interfero- 

meters, lamps  and  light  sources,  mono- 
chromaters,  polarimeters,  seismometers. 

Circle  No.  208  on  Subscriber  Service  Cord 

PROJECT  IN  POINT: 

This  B-58  navigator  thinks  he's  on  target  at  53,000  feet! 

Simulation  reflects  the  ultimate  in  the  application  of 
science  and  technology.  It  is  the  electronic  bridge  from 
esearch  to  reality.  At  Curtiss-Wright,  electronic  simula- 
ion  systems  orient  men  and  machines  to  missions  for 
many  military  and  industrial  programs. 
Project  in  Point:  Today  at  Carswell  and  Bunker  Hill 

Air  Force  Bases,  B-58  navigators  are  being  trained  by 
the  most  sophisticated  BOMB  NAV  simulators  in  exist- 

ence. They  were  designed  and  manufactured  by  Curtiss- 
Wright  under  contract  to  General  Dynamics/Convair. 
The  skills  in  systems  and  products  developed  by  this 

and  other  programs  are  now  being  applied  to  the  USAF 

C-141,  the  Lockheed  turbofan  freighter.  Curtiss-Wright 
will  produce  fully  digital  simulators  for  flight  crew  train- 

ing—a major  step  forward  in  this  field. 
These  advanced  activities  have  created  immediate 

opportunities  at  Curtiss-Wright  Electronics  Division  for 
solid  state  circuit  designers,  digital  computer  program- 

mers and  others  experienced  in  the  application  of 
real-time  digital  computation  to  the  most  challenging 
problems  in  simulation. 

For  complete  information,  please  write  Mr.  Gene  G. 
Kelly,  Manager  of  Professional  Placement,  Electronics 
Division.  An  equal  opportunity  employer. 

ELECTRONICS  DIVISION 

CURTISS-WRIGHT  CORPORATION 



space 

suit 

ogists . 

Within  the  last  few  years,  our  Gov- ernment and  Industrial  Products 
Division  has  gained  an  excellent  repu- 

tation for  successfully  developing  and 
producing  many  new  products  for 
aerospace  application.  The  growing 
list  of  products  for  exotic  environ- 

ments applications  includes  high  alti- 
tude pressure  helmets  and  suits  and 

suits  for  space  application,  underwater 
diving  helmets,  life  rafts,  rigid  pneu- 

matic hoats  and  several  classified  gov- 
ernment sponsored  projects.  This 

growth  has  created  ihe  following  engi- 
neering positions: 

space  suit  development 
Requires  an  engineer  with  practical, 
experimental  design  experience  on 
the  construction  techniques  of  pres- sure suits. 

space  suit  materials 
To  work  in  basic  and  applied  poly- 

mer research  and  operations.  Will 
be  responsible  for  establishing  test 
procedures  and  specifications  for 
elastometric  and  plastic  materials. 

mechanical  engineers 
Senior — Experience  required  in  de- 

sign of  small  mechanical  compo- nents related  to  interface  hardware. 
Junior — One  to  three  years'  experi- ence is  required  on  the  design  of 
small  mechanical  components. 

In  addition  to  rewarding  recognition 
of  your  contributions,  we  offer  an 
exceptional  employee  benefits  pro- 

gram which  includes  a  profit-sharing 
plan. 

Candidates  for  the  above  posi- 
tions should  address  their  resume to: 

Mr.  E.  P.  Barrett, 
Director, 
Industrial  Relations 

INTERNATIONAL 
LATEX 

CORPORATION 
Dover,  Delaware 

An  Equal  Opportunity  Employe 

-when  and  where- 

SEPTEMBER 

National  Power  Conference,  (ASMW- 
AIEE),  Lord  Baltimore  Hotel,  Balti- 

more, Md.,  Sept.  24-26. 
Thirteenth  Internationa]  Astronautical  Con- 

gress, American  Rocket  Society,  Sofia, 
Bulgaria,  Sept.  24-28. 

Space  Power  Systems  Conference,  Ameri- 
can Rocket  Society,  Miramar  Hotel, 

Santa  Monica,  Calif.,  Sept.  25-28. 
Symposium  on  the  Physics  of  Failure  in 

Electronics,  sponsored  by  Rome  Air 
Force  Development  Center,  USAF  Sys- 

tems Command  and  Armour  Research 
Foundation,  Illinois  Institute  of  Tech- 

nology, Chicago,  111.,  Sept.  26-27. 
Symposium  on  Dynamic  Behavior  of  Ma- 

terials, sponsored  by  the  University  of 
New  Mexico  and  Rocky  Mt.  district  of 
American  Society  for  Testing  and  Ma- 

terials, Statler  Hilton  Hotel,  Los  An- 
geles, Sept.  30-Oct.  5. 

Third  Annual  Aerospace  Fair,  Vandenberg 
Air  Force  Base,  Calif.,  10  a.m.  to  4 
p.m.,  Sept.  20.  (Open  to  the  public.) 

Classified 

COMMON  MARKET 
(Europe) 

Complete  Machine  Shops  available  for  the 
manufacture  of  YOUR  PRODUCTS  in  Europe. 
(400  employees,  3,000,000  square  feet). 
Experience  in  aircraft  parts. 
Total  area  8,000,000  square  feet.  Eventual 
partnership  availcble  or  minority  stock 
transfer  possible  to  right  US  partner. 

RUBICON  G.  m.  b.  H. 
International  Consultants  and  Licensing 

Agents P.O.  Box  4287,  Frankfurt/Main  4,  Germany 

M/R  BUSINESS  OFFICES 

Washington  5,   D.  C. — 1001   Vermont  Avenue, NW;  Sterling  3-5400 
Craig  L.  Mason,  Director  of  Research 

New  York  17,  N.  Y. — 20  East  46  Street:  YUkon 6-3900 
Paul  B.  Kinney,  Eastern  Advertising  Manager Paul  N.  Anderson 

Eeverly  Hills.  California— 8929  Wilshire  Blvd.: OLeander  5-9161 Ronald  L.  Rose 
Edwin  J.  Denker,  Jr. 

Detroit,    Michigan — 21990    Greenfield  Road, Oak  Park,  Mich.:  547-8880 
Michael  Rouff 

Chicago  1,  Illinois — 1  East  Wacker  Dr.,  Room 
1522;  321-1444 R.  Lenn  Franke,  Jr. 

Dallas  24,  Texas — 222  Wynnewood  Professional 
Building;  WHitehall  3-4266 John  L.  Hathaway 

Miami,    Florida — P.O.    Box    890,  Hollywood, 
Fla.;  Wilson  7-6072 
Ray  Caldiero 

London,    W.I.,    England — 7   Blenheim  Street: Hyde  Park  5070 
American  Magazine  Group 

Geneva,  Switzerland — 10  Rue  Grenus;  Geneva 321044 

Paris,  France — 11  Rue  Condorcet;  TRU  15-39 

in  GOLD  for 

ELECTROPLATING 

o ROSENE  999' 

0 

24  Kt  Acid  Bright 
Gold.  Tight  grain, 
superior  throwing 
and  leveling  power. 

ROTEMP  24 
Ultra  pure  24  Kt  Satin 
Bright.  Gold.  Stress  free, extremely  ductile,  tight 
grain.  Heat  and  corrosion resistant. 

0 

0 

ROMERSE 
Neutral  Immersion 
Gold.  Plates  direct 
on  copper,  brass, 
nickel,  iron,  lead  and 
solder. 

ROTHERM  HT 

Heat  resistant  24  Kt  Acid  Bright  Gold.  Very 
low  porosity.  Hard  and  ductile. 

Technic  jd* 

62 Circle  No.  78  on  Subscriber  Servii 
Chicago  Office:  7001  No.  Clark  St. 
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editorial . . . 

Move  Over,  Mr.  Blough 

PRESIDENT  KENNEDY'S  sledge-hammer  blow 
at  missile/space  industry  firms  in  the  current 

labor  dispute  has  faded  his  attack  on  U.S.  Steel  to 
the  proportion  of  a  faint  slap  on  the  wrist. 

A  naked  display  of  Presidential  power  has  put 
an  end  to  any  semblance  of  fair  negotiation  in  the 
dispute  between  four  industry  firms  and  the  UAW- 
IAM  labor  combine.  The  President  has  chosen  as  the 
point  for  his  intervention  an  issue  which  again  will 
not  set  well  with  business.  It  should  be  equally  ab- 

horrent to  knowledgeable  labor  leaders. 
His  forcing  of  a  union  shop  on  industry  firms  is 

unsound  labor  practice.  It  is  not  the  union  shop  we 
object  to;  it  is  the  crass  action  of  the  President. 

With  one  deft  phrase,  he  has  wiped  out  weeks 
of  negotiating  and  handed  to  the  unions  what  they 
have  not  been  able  to  achieve  in  years  of  careful 
collective  bargaining  by  both  sides. 

The  President's  statement  that,  if  the  companies 
refused  to  accept  the  advisory  board's  union  shop 
decision  and  a  strike  followed,  "the  responsibility 
would  be  very  clear,  I  think,  to  the  American  people," 
was  crushing  to  industry  management. 

This  is  not  labor  negotiation.  It  is  imposition  of 
labor  demands  by  Presidential  fiat.  It  destroys  the 
delicate  balance  of  power  which  is  at  the  heart  of 
all  successful  collective  bargaining. 

President  Kennedy  is  using  the  threat  of  Ameri- 
can public  opinion  to  force  a  settlement  on  the  com- 

panies which  the  unions  themselves  have  not  been 
able  to  obtain.  We  do  not  believe  the  American  public 
is  in  accord  with  such  flagrant  tactics. 

The  President  is  saying  to  industry  management, 
in  effect,  "Accept  the  settlement  we  want  or  we  will 
see  to  it  that  the  guilt  is  placed  squarely  on  your 

heads." 
That  is  the  act  of  a  dictator,  however  benign. 
But  the  full  brutality  of  the  act  is  not  apparent 

even  from  the  statement  wielding  the  threat  of  public 
opinion.  The  companies  involved  all  are  missile/space 
contractors.  Their  dependence  on  government  good- 

will is  heavy.  To  risk  the  President's  displeasure  by 
not  acceding  to  his  demand  is  to  risk  a  black-listing. 

The  threat  of  a  massive  public  relations  onslaught 
such  as  the  one  which  forced  U.S.  Steel's  Roger 
Blough  to  capitulate,  combined  with  the  threat  of 
financial  disaster  through  loss  of  contracts,  is  the 
strongest  use  of  Presidential  force  against  business 
to  date. 

The  action  of  Lockheed  Aircraft  Corp.  in  rising 
immediately  to  oppose  the  President  on  the  issue  is 
to  be  warmly  commended  in  these  circumstances. 

It  is  more  than  a  display  of  healthy  self-interest;  it 
is  an  act  of  bravery  in  support  of  the  industry. 

Lockheed  has  been  the  only  one  of  the  four 
firms  to  go  publicly  on  record  with  a  vigorous  de- 

fense. The  President's  demand  brought  a  strong  retort from  Lockheed  Chairman  Courtlandt  Gross  which 
termed  both  the  advisory  board  report  and  the  Ken- 

nedy comment  "not  in  the  public  interest." 
Chairman  Gross  suggested  the  President  had  vio- 

lated the  intent  of  Congress  that  free  collective  bar- 
gaining be  the  approved  way  to  settle  labor  disputes. 

He  also  was  quick  to  point  out  that  more  than  half 
of  Lockheed's  California  employees  are  not  union members. 

The  Lockheed  reaction  is  even  more  impressive 
when  judged  in  light  of  this  fact — since  the  advisory 
board's  recommendation  of  a  vote  on  a  union  shop 
may  still  leave  Lockheed  without  a  union  shop. 

WE  ADMIRE  guts  and,  in  this  case,  the  industry 
most  certainly  has  looked  to  Lockheed  for 

leadership.  The  remainder  of  the  industry- — for  its 
own  preservation — should  take  an  equally  strong 
stand,  whether  among  the  four  companies  presently 
threatened  or  not.  The  time  to  take  that  stand  is  now. 

The  President  did  not,  in  the  U.S.  Steel  case, 
show  any  reluctance  in  using  the  threat  of  defense 
contracts  to  force  his  desires  on  the  steel  companies. 
He  undoubtedly  would  not  hestitate  to  do  it  again. 
As  long  as  this  threat  is  allowed  to  go  unchallenged, 
the  missile/ space  industry  will  be  a  captive  of  Presi- 

dential whim.  The  only  way  to  fight  is  to  fight.  For 
the  remainder  of  the  industry  to  allow  Lockheed  to 
carry  the  battle  alone  is  cowardice. 

The  alternative  may  be  seen  someday  in  advertise- 
ments which  carry  the  tag  lines,  "An  Equal  Oppor- 
tunity Employer,  No  U.S.  Steel  Used  in  This  Product, 

Built  in  a  Union  Shop." 
Granted,  it  is  difficult  for  this  industry  to  fight 

the  government  for  freedom  in  this  and  many  other 
instances.  If  it  does  not  draw  the  line  somewhere, 
if  it  continues  to  allow  the  government  to  dictate 
unrealistic  terms  in  labor  contracts  and  in  defense 
contracts,  it  is  not  deserving  of  sympathy. 

We  care  not  whether  union  shops  are  good  or 
bad  for  the  industry.  That  is  for  the  labor  and  man- 

agement segments  of  the  industry  to  work  out  freely 
at  the  collective  bargaining  table.  But  we  do  care 
when  we  see  the  industry  we  serve  abused  by  dicta- 

torial action — from  anyone. 

William  J.  Coughlin 
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SO  HERSHEIMER 
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I  TELL  HIM 

p  I'M  QUITTING 
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BESIDES— 
HUGHES 

IS  CLOSER 
TO  THE 

BEACH. 

Hughes  is  hieing!  Numerous  opportunities  now  exist  in  a  variety  of 
advanced  projects  and  studies.  Examples  include:  The  SURVEYOR— which  will  soft 
land  an  instrumented  payload  on  the  moon,  SYNCOM— synchronous-orbit  communi- 

cations satellite,  VATE— automatic  test  equipment  for  ballistic  missiles,  anti-ballistic 
missile  defense  systems— boost-intercept,  mid-course  and  terminal,  and  many  others. 
Positions  are  open  at  all  levels  for  specialists  with  degrees  from  accredited  universities. 

CONTROLS  ENGINEERS.  Concerns  airborne 
computers  and  other  controls  related  areas  for: 
missiles  and  space  vehicles,  satellites,  radar 
tracking,  control  circuitry,  control  systems, 
control  techniques,  transistorized  equalization 
networks  and  control  servomechanisms. 
CIRCUIT  DESIGNERS.  Involves  analysis  and 
synthesis  of  systems  for:  telemetering  and  com- 

mand circuits  for  space  vehicles,  high  efficiency 
power  supplies  for  airborne  and  space  electronic 
systems,  space  command,  space  television,  guid- 

ance and  control  systems,  and  many  others. 

INFRARED  SPECIALISTS.  To  perform  sys- 
tems analysis  and  preliminary  design  in  infrared 

activities  for  satellite  detection  and  identification, 
air-to-air  missiles  AICBM,  infrared  range  meas- 

urement, air-to-air  detection  search  sets,  optical 
systems,  detection  cryogenics  and  others. 
SYSTEMS  ANALYSTS.  To  consider  such 
basic  problemsas:  requirements  of  manned  space 
flight;  automatic  target  recognition  requirements 
for  unmanned  satellites  or  high  speed  strike  re- 

connaissance systems:  IR  systems  requirements 
for  ballistic  missile  defense. 

Please  airmail 

your  resume  to: 
Mr.  Robert  A.  Martin 
Head  of  Employment 
Hughes  Aerospace  Divisions 
11940  W.  Jefferson  Blvd. 
Culver  City  35,  California 

AEROSPACE  DIVISIONS 
An  equal  opportunity  employer. 



From  conception  to  demonstration  at  AGN 

ML-l:  WORLD'S  FIRST  FULLY  MOBILE  NUCLEAR  POWER  PLANT 

Aerojet-General  Nucleonics  is  engaged  in  one  of  the  most 
challenging  projects  ever  assig/ied  to  an  organization  special- 

izing in  reactor  activities.  The  project:  conceive,  build  and 
demonstrate  a  nuclear  powesft^nt  powerful  enough  to  supply 
400  kw  of  electricity  continually  for  a  year  without  refueling 
...compact  enough  to  be  trmsported  by  truck-trailer,  flatcar, 
or  cargo  plane. ..simple  enough  to  be  operated  by  a  small 
crew  of  trained  Army  enlisted  men  . .  .tough  enough  to  with- 

stand shock.vibration, pressure, and  environmental  extremes... 
and  safe  enough  to  be  picked  up  and  transported  to  a  new 
site  within  hours  after  shutdown.  One  of  the  final  steps,  gener- 

ation of  electricity  by  the  demonstration  ML-1,  is  immi- 
nent. 

The  ML-1  is  the  smallest  (40  tons)  and  hottest  (1200°F.  outlet 
temperature)  nuclear  power  plant  ever  to  produce  electricity, 

and  is  the  only  plant  in  which  the  reactor  is  coupled  directly 
to  closed-cycle,  high-speed  turbo  machinery.  It  is  gas- 
cooled,  and  fueled  with  BeO-U02. 

Full  responsibility  for  the  ML-1  project  was  assigned  by  the 
Atomic  Energy  Commission  to  AGN  under  the  Army  Gas- 
Cooled  Reactor  Systems  Program.  During  management  of  the 
program,  AGN  has  gained  broad  experience  in  all  phases  of 
lightweight,  gas-cooled  nuclear  power  plant  design  and  pro- 

duction. AGN  management  skills,  high-temperature  reactor 
technology,  test  experience,  and  project  personnel  also  are 
being  applied  to  studies  of  advanced  ground  power  plants, 
space  power  systems,  and  nuclear  ram-jets. 

ML-1  is  a  joint  project  of  the  U.  S.  Atomic  Energy  Commission 
and  the  U.  S.  Army  Corps  of  Engineers 

Aerojet-General  Nucleonics  is  located  on  a  500  acre  site  in  the  San  Ramon  Valley  near  Livermore,  California 

AEROJET-GENERAL  NUCLEONICS /  San  Ramon  California 



First  Photo  of  /Moon's  True  Shape 

Gemini  Spending  Expected  To  Rise 

More  Dyna-Soar  Details  Disclosed  . 
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For  rriobi[e_  support  equipment 

Successful  completion  of  an  impressive 

list  of  projects  for  the  armed  services 

and  prime  contractors  proves  Dorsey's 

ability  to  produce  trailers  for  elec- 

tronics installations  as  well  as  for  the 

safe  transportation  of  delicate  cargo. 

Our  Special  Products  Division  engi- 

neers bring  to  initial-stage  confer- 

ences broad  experience  in  special- 

feature  design  as  well  as  a  valuable 

knowledge  of  factors  affecting  per- 

formance, production  time  and  cost. 

This  division  is  available  for  complete 

R&D  assignments  or  to  adapt  existing 

designs  when  feasible. 

Dorsey  designed  and  built  this  air-transportable  trailer  to  house 
a  Univac  1206  Real-Time  computer  and  other  intricate  electronics 
equipment  for  missile-tracking.  Remington  Rand  Univac  Division  of 
Sperry  Corporation   was    prime  contractor  for  the   U.  S.  Air  Force. 

One  of  the  Navy's  new  auto- matic carrier  landing  systems  is 
contained  in  these  special  trail- 

ers Dorsey  built  for  Bell  Aerosystems  Company.  This  land-based  version 
of  the  AN-SPN-10  is  for  training.  Operator's  console  and  related 
equipment  are  installed  in  one  trailer  and  the  radar  units  are  in  the 
other.  The  radar  trailer  has  two  wide  automatic  roll-up  doors  in  one 
side,  which  necessitated  special  structural  design  to  control  deflection. 

Dorsey  builds  electronics  trailers  to  any  desired  stage  of  completion  and  our  engineers  are 
often  called  upon  to  design  features  to  solve  special  problems.  On  numerous  orders  we  have 
provided  such  items  as — 

INSULATION  •  ACCOUSTICAL  LININGS  •  WIRING  •  RACEWAYS  AND 
PLUGS  •  POWER  ENTRANCE  PANELS  •  AUTOMATIC  AND  MANUAL  LEVELLING 
JACKS  •  DEMOUNTABLE  RUNNING  GEAR  •  SPECIAL  LIGHTING  •  LIFTING 
DEVICES    •    R.F.  SHIELDING    •    MOUNTING  PLATES 

Write  for  our  brochure, 

"Ground  Support  Equipment 

Contact:    Special  Products  Division 

DORSEY  TRAILERS/ELBA,  ALABAMA  area 
Subsidiary  of  The  Dorsey  Corporation 

CODE  205— TW  7-2241 j 

Circle  No.   1   on  Subscriber  Service  Card Circle  No.  2  on  Subscriber  Service  Cord 



Boeing  has  been  awarded  primary  developmental,  building 
and  test  responsibility  for  NASA's  Saturn  S-IC  advanced 
first  stage  booster.  Aero-Space  Division's  new  Saturn 
Booster  Branch  has  immediate,  long-range  openings  offer- 

ing professional  challenge,  rapid  advancement  and  ground- 
floor  opportunities  to  graduate  engineers  and  scientists. 
This  new  Saturn  program  is  expanding  rapidly,  providing 
unique  advancement  advantages  to  properly  qualified 
Structural  Design,  Electronics/Electrical,  Propulsion,  Aero- 

nautical, Cryogenics,  Systems  Test,  Thermodynamics, 
Mechanical  Design,  Industrial  and  Manufactur-  n  AP|||A 
ing  Engineers,  as  well  as  to  Physicists  and  KllrlNIl Mathematicians. 

Salaries  are  commensurate  with  all  levels  of  education  and 
experience.  Minimum  requirements  are  a  B.S.  degree  in 
any  applicable  scientific  discipline.  Boeing  pays  travel  and 
moving  allowances  to  newly-hired  engineers. 
Assignments  are  in  New  Orleans  as  well  as  in  Huntsville, 
Alabama.  Positions  with  Saturn,  and  other  missile  and 

space  programs  at  Boeing  —  including  the  solid-fuel  Minute- 
man  ICBM  and  X-20  Dyna-Soar  boost-glide  vehicle  —  are 
also  available  at  Seattle,  Cape  Canaveral  and  Vandenberg 
AFB,  California. 

Send  your  resume  to  Mr.  Wendell  L.  Hays,  The 
Boeing  Company,  P.  0.  Box  26088  -  MSC,  New 
Orleans,  La.  An  equal  opportunity  employer. 

OPENINGS 

ON 

SATURN S-IC 

Divisions:  Military  Aircraft  Systems  •  Transport  •  Vertol  •  AERO-SPACE  •  Industrial  Products— Boeing  Scientific  Research  Laboratories 
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What  do 

you  need  in 

ADJUSTABLE 

REGULATORS? 

APCO 
Hand  Loaders 
Five  models  for  inlet  pres- 

sures between  6000  and 
1  0,000  PSI  and  outlet 
pressures  from  0-5000  and 
0-10,000  PSI  .  .  .  temper- 

ature ranges:  — 40CF.  to 
+160- F  bubble-tight 
shut-off.  Special  dia- 

phragms handle  air,  nitro- 
gen or  helium.  Reduction 

gears,  positive  stops  and  optional 
speed  handle  combine  fast,  easy  opera- 

tion with  precise  control.  Motor  actuators 
are  available. 

APCO  Dome  Regulators 
Deliver  zero  leakage  at  inlet  and  outlet 
pressures  to  6000  PSIG.  Instantaneous, 
chatter-free  response  and  control  of 
gases  or  liquids  at  high  or  low  rates  and 
under  extreme  temperature  variations  .  .  . 
use  any  gas  from  any  source  .  .  .  permit 
varying  outlet  pressure  instantly  by  adjust- 

ing pressure  in  the  servo-dome  chamber 
with  an  APCO  Hand  Loader  or  other 
means.  Made  in  a  wide  range  of  sizes 
and  connections 
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APCO 
Regulating  Valve 
A  direct  operated,  spring 
loaded  regulator  for  inlet 
pressures  to  4400  PSI  at 
temperatures  from  — 40  F. 
to  +200  F.  Tamper-proof 
adjustment  screw  is  easily 
reached  for  pressure 
changes.  Corrosion-re- 

sistant materials  through- 
out for  gas  or  liquid 

bubble-tight  shut-off  is 
achieved  in  gas  applications. 

For  full  details,  clip 
and  mail  the  coupon 

today! 

ACCESSORY  PRODUCTS  CO. 
616  W.  Whittier  Blvd.  •  Whittier,  Calif. 

A  TEXTRON  CO. 
Rush  complete  data 

on  APCO  Adjustable  Regulators 
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Company 

Address  . 

City  .Zone  State. 

'The  Big  Knife' 
To  the  Editor: 

The  editorial  entitled  "The  Big  Knife" 
(M/R,  Aug.  20,  p.  46)  if  heeded,  is  beyond a  doubt  the  most  important  printed  page 
of  the  year. 

If  your  recommendation  in  Item  No. 
Seven  is  not  followed,  in  a  few  more  years 
every  aerospace  firm  can  take  down  its 
company  sign  and  replace  it  with  a  four- 

letter  sign:  "NASA." America  cannot  survive  without  private 
industry. 

Though  you  may  feel  alone  in  your 
outspoken  editorials,  do  not  waver  from 
your  course  of  calling  a  spade  a  spade. 
Maybe  someday  those  management  person- 

nel in  the  very  industries  you  are  trying 
to  help  will  regain  their  courage  and  equi- 

librium and  speak  forth  their  long-held 
opinions. P.  J.  Grubl 

Aerospace  Industry  Engineering 
Supervisor Lancaster,  Calif. 

Hot  Water  Rockets 

To  the  Editor: 

Pleased  to  read  your  article  "Steam 
Rocket  Successfully  Tested"  (John  Judge. 
M/R,  Sept.  10,  p.  24).  The  article  covered 
many  points  in  the  basic  design  of  hot water  rockets. 

Considerable  work  was  achieved  on  hot 
water  rockets  with  over  a  hundred  firings 
at  the  University  of  Santa  Clara  approxi- 

mately five  years  ago.  The  Santa  Clara 
rocket  used  an  electrical  immersion  heater. 
Hot  water  was  then  expanded  through  an 
aluminum  nozzle  to  steam,  thus  creating  a 
thrust. 

M.  A.  Vonnegut 
United  Technology  Corp. 
Sunnyvale,  Calif. 

Vostok  Controversy 
To  the  Editor: 

Most  calculations  made  are  necessarily 
somewhat  inexact,  Mr.  Saunders  B.  Kramer 
observed  in  his  discussion  of  Vostok  III 
and  IV  rendezvous  possibilities  (M/R, 
Sept.  3,  p.  7).  One  may  wonder  how  in- 

exact Mr.  Kramer's  calculations  have  been, 
since  his  findings  that  "the  angular  separa- 

tion of  the  orbits  was  two  minutes  of  arc" seem  to  be  off  the  mark  by  a  factor  of  60 
or  more. 

Disregarding  the  discrepancy  between 
Pravda's  and  GSEC's,  orbital  periods  of 
the  two  satellites,  and  using  the  Pravda 
figures  as  Mr.  Kramer  did,  I  found  that 
after  16  orbits  Vostok  III  was  still  28.8 
minutes  flight  time  away  from  the  longi- 

tude of  its  launching  pad.  At  about  that 
time  Vostok  IV  was  launched. 

Allowing  for  several  minutes  elapsed 
time  between  launch  and  injection  of  Vos- 

tok IV,  but  definitely  much  less  than  almost 
half  an  hour,  I  do  not  see  how  the  angular 
separation  of  the  two  orbits  could  have 
been  less  than  at  least  several  degrees  of 

arc,  resulting  in  a  minimum  distance  con- siderably greater  than  the  one  calculated  by 
Mr.  Kramer. 

I  wonder  how  Mr.  Kramer  calculated 
the  angular  separation  of  the  two  orbits. 
I  am  afraid  he  overlooked  some  principles 
of  celestrial  mechanics,  and  forgot  to  note 
that  while  Vostok  III  made  its  rounds,  our 
good  Earth  did  not  stand  still. 

May  I  assume  that  the  two  minutes  of 
arc  separation  he  used  as  the  basis  of  his 
calculations  was  the  two  minutes  of  arc 
difference  between  orbital  plane  inclina- 

tions? If  so,  then  he  indeed  assumed  that 
the  Earth  stopped  its  spin  during  the 
Vostok  III  flight.  And  it  is  that  spin  which 
determines  the  position  of  the  orbital  planes 
of  Earth  satellites  in  the  solar  system.  In 
this  respect  the  orbital  inclination  was  a 
factor  of  secondary  importance. 

J.  A.  Redeker,  Science  Editor 
Algemeen  Dagblad 
Rotterdam,  Netherlands 

Pro  Polaris 

To  the  Editor: 

In  your  issue  of  Sept.  10,  under  "Let- ters" (p.  7),  there  was  a  short  plea  for 
critical  examination  of  the  Polaris  weapon 
system  .  .  .  questioning  whether  this  system, 
or  any  system  so  conceived  and  so  dedi- cated, could  long  endure. 

As  one  also  interested  in  this  system. 
I  would  like  further  information  concern- 

ing the  "anti- weapon  of  this  weapon  sys- 
tem" which  "will  make  it  obsolete  before 

the  full  fleet  is  developed." 
The  Navy  has  stated  that  Polaris  sub- 

marines are  already  on  patrol.  The  reaction 
to  this  knowledge  from  our  potential 
enemy  .  .  .  makes  it  evident  that  they  do 
not  consider  the  Polaris  threat  inconse- 

quential. This  conclusion  is  reinforced 
when  we  read  (in  the  current  issue  of 
Jane's  Fighting  Ships)  that  the  Soviet 
Union  is  increasing  its  anti-submarine  war- fare efforts.  (Were  its  existing  capabilities inadequate?) 

The  Navy  is  acutely  aware  of  the  fact 
that  our  country  may  soon  be  threatened 
by  missile-firing  submarines.  Twenty  years 
ago  tankers,  cargo  ships,  and  troopships 
were  submarine  targets.  Today's  submarine targets  are  Chicago,  St.  Louis,  Denver 
ASW  is,  consequently,  our  Navy's  most urgent  effort.  This  is  because  our  Navy  is 
not  the  only  one  which  likes  to  play  with 
this  "toy"  referred  to  by  your  corre- 
spondent. If  he,  or  indeed  any  reader  or  writer 
of  your  splendid  publication  has  particulars 
of  any  weapon  system  offering  a  high 
probability  of  detection,  classification,  lo- 

calization and  destruction  of  enemy  sub- 
marines before  they  release  their  weapons, 

then  I  beseech  him,  as  a  fellow  American, 
to  help  our  Navy  in  its  mission. 

John  H.  Bothwell 
Commander,  U.S.  Navy 
Tactical  Group,  U.S.  Fleet  Anti- submarine Warfare  School 
San  Diego,  Calif. 
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satellite  PCM  systems 

a  typical  system: 

100  channels  •  8  bits  +  parity  1KC  bit  rate 

less  than  200  milliwatts  of  power  consumption. 

power  consumption  proportional  to  bit  rate. 

ask  for  demonstration 

J^i  Vector  Manufacturing  Company,  Inc. 

v  Southampton,  Pa.  TELEMETRY  COMPONENTS  &  SYSTEMS  /  ELMWOOD  7-7600 /TWX-215-357-1276 



Just  facts. 

Pratt  &  Whitney  Aircraft's  record  of  technological 
leadership  spans  a  period  of  36  years.  Today,  the 
attitude  of  our  progressive,  orderly  management — 
with  an  eye  to  the  future — is  reflected  by  the  con- 

sistent reinvesting  of  massive  company  funds, 
amounting  to  multi-millions  of  dollars  annually,  in 
research  and  development  work. 

This  philosophy  of  building  a  firm  foundation  for 
engineering  advances  has  held  true  from  the  early 

days  of  the  "Wasp"  engine,  on  up  through  the 
spectacular  success  of  P&WA  jet  engines  and  into 
the  era  characterized  by  APOLLO  and  SNAP  50. 

Energy  conversion,  in  its  many  intriguing  forms,  is 
our  dominant  area  of  interest.  Intensive  investiga- 

tions at  our  Connecticut  and  Florida  facilities  are 
advancing  the  state  of  the  art  in  many  diverse 

fields,  ranging  from  space  technology  to  indus- 
trial powerplants. 

Can  you  make  important  contributions  to  a  solid 
and  talented  engineering  organization?  We  are  par- 

ticularly interested  in  qualified  engineers  at  all 
levels  of  experience,  with  backgrounds  in  applied 
research  •  analytical  engineering  •  mechanical  de- 

sign •  experimental  development  •  instrumentation 
and  controls  •  reliability  and  program  analysis 
•  vehicle  and  powerplant  systems  analysis  •  ad- 

vanced materials. 

Please  submit  your  resume  in  confidence  to: 

Mr.  P.  C.  Smith  -or- 
Pratt  &  Whitney  Aircraft 
400  Main  Street 
East  Hartford,  Conn. 

Mr.  J.  C.  Morton 
Pratt  &  Whitney  Aircraft 
West  Palm  Beach 
Florida 

Pratt  &  Whitney  Aircraft 
An  Equal  Opportunity  Employer 

u 
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P 

DIVISION  OF  UNITED  AIRCRAFT  CORP. 
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The  Countdown 

WASHINGTON 

Solids  Decision  Still  Pending 
Decision  still  has  not  been  made  on  the  Air  Force  big 

solid  booster  program.  NASA  and  DOD  are  unable  to  agree 
on  the  size  of  the  program.  DOD,  with  limited  funds  avail- 

able, is  reluctant  to  endorse  the  SlOO-million  project  backed 
by  NASA.  Issuance  of  requests  for  proposals  depends  on 
how  quickly  the  dispute  is  settled. 

Minuteman  Reaction  Time  Beats  Name 

First  official  disclosure  of  the  reaction  time  for  AF's 
solid-fueled  Minuteman  missile  came  from  SAC  Commander 
Gen.  Thomas  S.  Power  at  the  Air  Force  Assn.  convention. 
The  hardened,  dispersed  Minuteman  can  be  fired  in  32 
sec,  according  to  the  general. 

Relay  Follow-on  Is  Held  Up 
NASA  will  delay  further  development  of  the  Advanced 

Relay  spacecraft  until  sometime  next  year.  Space  agency 
officials  want  to  study  results  of  the  first  Relay  launch  later 
this  year.  They  also  hope  to  benefit  by  technical  fallout  from 
the  Hughes  Syncom  communications  satellite  system. 

Approval  of  NASA  Budget  Delayed 

House-Senate  wrangling  over  civil  defense  is  holding  up 
approval  of  NASA's  Fiscal  '63  budget.  Both  houses  have 
agreed,  however,  on  the  final  budget  figure  of  53,674,115,000. 
This  includes  almost  S2.9  billion  for  R&D  and  S776  million 
for  construction. 

U.S.  Lacks  Tracking  Capability 
The  U.S.  SPADATS  tracking  network  cannot  pick  up 

a  Soviet  satellite  until  at  least  the  third  or  fourth  orbit.  An 
Air  Force  admission  that  the  U.S.  lacks  a  first-orbit  tracking 
capability  has  been  confirmed  by  DOD  officials. 

Shillelagh  Testing  Is  Under  Way 
Latest  tests  of  the  Aeronutronic  Shillelagh  anti-tank 

missile  at  White  Sands  Missile  Range  have  drawn  high 
praise  from  Army  officials.  A  lightweight  infantry  version  of 
the  system  may  be  in  prospect. 

NASA  to  Award  Apollo  Oxygen  Contract 
Research  contract  for  study  of  various  oxygen  and  other 

gas  mixtures  for  the  Apollo  environmental  system  is  to  be 
awarded  shortly  by  NASA.  Previous  studies  used  volunteers 
breathing  pure  oxygen  for  two  to  three  weeks  while  per- 

forming various  tasks  in  a  space  simulator.  Early  results 
have  indicated  serious  chemical  changes  in  subjects'  blood cells. 

Davy  Crockett  Joins  Seventh  Army 
The  Seventh  Army  in  West  Germany  now  has  its  full 

complement  of  nuclear-armed  Davy  Crockett  weapons.  The 
weapon's  deployment  to  battle  group  level,  begun  last  year, 
was  completed  several  months  ago. 

Now  It's  a  TX-15? 
Two  of  the  six  test  pilots  named  to  fly  the  X-20  are 

scheduled  for  early  flights  in  the  X-15  to  gain  experience 
in  the  air-launch  technique  that  will  be  used  for  initial 
Dyna-Soar  tests. 

Army  Still  Looking  at  Missile  A 

An  Army  requirement  still  exists  for  a  short-range,  battle- 
group  missile  system.  Decision  on  the  weapon,  commonly 
referred  to  as  Missile  A,  has  been  put  off  until  results  of 
Missile  B  development  are  known. 

NASA  Seeks  Recruiting  Help 
NASA  officials  are  scheduled  to  meet  this  week  in 

Washington  with  representatives  of  two  firms  to  be  used 
in  recruitment  and  evaluation  of  top  management  personnel 
for  the  Office  of  Manned  Space  Flight.  Twelve  firms  were 
evaluated  before  the  decision  was  made  in  favor  of  Geo. 
Fry  and  Associates  and  Ernest  Loen  and  Associates. 

INDUSTRY 

Lockheed  to  Develop  GAR-9  Motor 
Lockheed  Propulsion  Co.  has  received  an  initial  con- 

tract of  more  than  5500,000  from  Hughes  Aircraft  for  de- 
velopment of  a  solid  rocket  motor  fuel  for  the  advanced 

GAR-9  air-to-air  missile.  LPC  effort  will  be  directed  toward 
provision  of  superior  performance  over  a  wide  temperature 
range.  Firm  has  been  conducting  test  firings  with  solid  pro- 
pellants  for  more  than  a  year  in  an  environmental  range  of 
nearly  300  degrees. 

Early  Firing  Set  for  Titan  Strap-on 
United  Technology  Corp.  says  the  first  complete  120-in. 

strap-on  solid  booster  for  Titan  111  will  be  fired  approximately 
six  months  after  final  contract  go-ahead  is  received.  De- 

sign calls  for  thrust  of  more  than  one  million  pounds. 

Gyro  Breakthrough  Reported  by  Westinghouse 

Westinghouse  scientists  claim  a  breakthrough  in  develop- 
ment of  the  first  solid-state  gyroscopic  instrument.  A  thin- 

wall,  pressed  barium  titanate  cylinder  only  Vi-'m.  long  and 
Vi-in.  in  diameter,  the  device  requires  less  than  0.001 -watt 
power.  A  twist  or  radial  motion  is  obtained  by  exciting  the 
suspended  cylinder  with  a  very  small  high-frequency  volt- 

age. This  back-and-forth  radial  motion  replaces  wheel  rota- 
tion in  conventional  gyros  and  permits  detection  of  extremely 

slow  drift  rates. 

Minuteman  Carrier  Too  Costly 

A  recent  Boeing  proposal  for  a  lengthened  and  expanded 
fuselage  version  of  the  KC-135  to  carry  the  Minuteman 
system  complete  with  transporter  and  erector  has  been 
turned  down  by  the  Air  Force.  Reason:  A  59-million-per- 
plane  price  tag. 

INTERNATIONAL 

MRBM  Under  NATO  Discussion 

Requirement  for  a  medium  range  ballistic  missile 
(MRBM)  is  now  under  discussion  by  the  NATO  coun- 

cil. Outlook  is  not  bright  for  the  system — long  advocated 
as  a  NATO  weapon  by  retiring  Gen.  Lauris  Norstad. 
European  members  are  reluctant  to  share  development  costs 
and  the  U.S.  is  unwilling  to  foot  the  total  R&D  bill. 
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GENISGO 

ACCELERATION 

TEST 

EQUIPMENT 
THE  WORLD'S  MOST  COMPLETE  LINE 

GENISCO  ELECTRONICALLY 
CONTROLLED  931  SERIES 
and  others  of  its  class  present 
the  most  accurate  method  of 
testing  inertia!  guidance  sys- tems in  the  G  environments 
in  which  they  must  later 
function.  The  931  operates 
at  any  number  of  discrete 
points  within  its  range,  while 
maintaining  a  spatially  stable 
platform  for  the  test  object. 
Range:  0.5  to  20  G  (higher 
available).  Radius  of  rotation: 
24".  Capacity  25  pounds, 
12"  cube. 

COMPLETE 

COMPLETER 

COMPLETEST 
Grammarians  say  that  superlatives  cannot  be 

compared.  They're  probably  right.  Genisco's 
superlative  acceleration  test  equipment  is 
beyond  comparison,  for  instance,  both  in 
reliability  and  completeness  of  line.  (Only  a 
few  models  are  shown  here.)  No  wonder 
Genisco  acceleration  test  equipment  is  used 
on  every  major  missile  program. 

ELECTRONICALLY  CONTROLLED  460  SERIES  is  fast  becoming  the 
military's  standard  of  accuracy  for  predicting  ballistic  and 
satellite  trajectories.  Active  radius:  100".  Acceleration  range: 0.25  to  25  G.  Payload:  400  lb. 
HEAVY-DUTY  1200  SERIES,  rugged  but  precise,  is  available  with 
hydraulic  or  electronic  controls.  Later  models  feature  accuracy 
within  0.1%  at  any  speed  setting  from  1  to  250  G.  Speeds:  to 
600  rpm.  Radii  to  54".  Capacity:  150  lbs.  dead  weight,  and 
20,000  G-lbs. 
MODEL  E185  CENTRIFUGE  has  a  range  from  1  to  100  G  at 
72"  radius  (20  to  180  rpm)  infinitely  variable.  Capacity:  300-lb. 
payload  on  each  end  of  boom,  or  30,000  G-lbs.  Accuracy:  within 
0.5%  at  any  speed  setting  within  range  over  one-minute  period. 
MODEL  C181  RATE-OF-TURN  TABLE.  Simplicity,  repeatability, 
and  versatility  make  the  C181  ideal  for  accurate  production-line 
testing  and  calibration.  Tilts  to  any  angle.  Doubles  as  a  precise 
low-G  centrifuge.  Variable  range,  0.01  to  1200  rpm.  Capacity:  100 lbs.  dead  weight. 

STANDARD  &  CUSTOM.  Genisco's  extensive  line  includes  dual  tables, precision  units,  large  production  centrifuges,  and  R&D  units  not  shown 
here.  Custom  equipment  also  available.  Write  for  details. 

G 
enisco 
INCORPORATED 

10 
2233  Federal  Avenue,  Los  Angeles  64,  Calif. 
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The  Missile / Spaa 

NATO  Missiles  for  Crete 

West  German  and  American 
forces  in  Europe  are  expected  to  be 
the  main  users  of  the  new  $50-mil- 
lion  NATO  rocket  base  to  be  built 
on  Crete  by  1965. 

Plans  call  for  four  missile  bat- 
talions to  undergo  one-month  train- 

ing at  the  base  simultaneously.  About 
1000  NATO  country  trainees  will  be 
in  Crete  at  any  one  time  all  year round. 

Initially,  the  Crete  center  will  be 
used  to  train  Allied  forces  in  the  use 
of  surface-to-air  missiles.  A  sea  zone 
20  miles  by  80  miles  to  the  north  of 
the  island  will  be  closed  to  naviga- 

tion when  the  missile  base  becomes 
operational. 

Ground  and  air-launched  drones 
will  be  used  as  targets.  Radar  sys- 

tem for  the  missile  range  is  to  be 
installed  on  a  tiny  Aegean  Sea  island 
named  Dia,  north  of  Crete. 

A  high-ranking  Greek  Defense 
Ministry  team  sponsored  by  AGARD 
(NATO  Advisory  Group  Aeronauti- 

cal Research  and  Development),  now 
is  in  the  U.S.  to  tour  existing  surface- 
to-air  missile  training  facilities. 

The  team  will  examine  and  inves- 
tigate surface-to-air  missile  training 

systems  and  equipment  compatible 
with  Crete's  NAMFI,  (NATO  Missile 
Firing  Installation)  range.  Emphasis 
will  be  on  the  study  of  target  range 
instrumentation,  control,  safety  and 
costs  in  the  Nike-Ajax,  Hercules  and 
Hawk  missile  systems. 

Available  information  from  Paris 
indicates  that  AGARD  already  has 
chosen  the  Ryan  Q-2  Firebee  target 
for  NAMFI  range  use.  It  is  expected 
that  excessive  target-missile  expendi- 

ture will  be  alleviated  through  use  of 
simulators. 

Novel  Method  Measures  Moon 

The  Moon's  true  shape  will  be 
learned  by  a  unique  experiment  in- 

volving a  solar  eclipse  photographed 
July  31  (see  cover)  from  a  site 
about  125  miles  southeast  of  Dakar 
in  the  West  African  Republic  of 
Senegal. 

Results  of  the  experiment  are  ex- 
pected to  furnish  data  for  man's landing  on  the  Moon.  An  average 

altitude  of  lunar  "sea  level"  may  be established  and  lunar  gravity  effects 
may  be  learned  more  precisely — vital 
information  for  planning  lunar  land- 

ings and  calculating  lifetimes  of lunar  orbiters. 

The  photographs  were  taken  dur- 
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ing  the  3y2  minutes  the  Sun  was 
framing  the  Moon  with  an  annular 
ring.  They  will  be  analyzed  with  the 
aid  of  a  microdensitometer,  which  is 
expected  to  detail  the  Moon's  rough 
rim  to  an  accuracy  of  1200  ft.  The 
experiment  was  accomplished  by 
scientists  of  the  Air  Force  Cambridge 
Research  Laboratories  (Office  of 
Aerospace  Research)  and  the  Lock- 

heed-California Co. 
Clouds  obscuring  the  onset  of  the 

eclipse  for  two  hours  put  the  experi- 
ment in  doubt.  Fortunately,  they 

parted  briefly  and  in  time  for  the 
U.S.  team  to  get  its  data. 

Not  so  fortunate  was  a  Soviet 
astronomical  team  which  reportedly 
was  rained  out  in  the  Republic  of 
Mali,  about  400  miles  from  Dakar. 

Two  complete  optical  systems 
were  used  to  photograph  the  eclipse. 
In  the  first,  a  17-in.  diameter  optical 
flat  mirror,  on  loan  from  Mt.  Wilson- 
Palomar  Observatory,  reflected  the 
Sun's  rays  to  a  concave  12 14 -in.  di- ameter mirror  with  a  57-ft.  focal 
length.  A  lensless  K-22  aerial  cam- 

era was  used  to  photograph  the  6%- 
in.  solar-lunar  image  on  film  every two  seconds. 

Backup  system  included  a  12-in. 
primary  flat  mirror  loaned  to  the 
expedition  by  astronomer  Ray  En- 

sign of  Fullerton,  Calif.,  an  8y2-in. 
concave  mirror  with  a  26-ft.  focal 
length,  and  a  K-24  aerial  camera  that 
photographed  a  3-in.  image  three 
times  each  second. 

Kennedy  Defends  Labor  Stand 

President  Kennedy  defended  the 
union  shop  recommendations  of  his 
labor  advisory  board  last  week  as 
necessary  to  maintain  peace  in  the 
vital  missile/ space  industry. 

Commenting  on  the  unpopularity 
of  his  stand  with  industry  leaders, 
the  President  emphasized  at  his 
press  conference  the  dependence  of 
missile/ space  firms  on  government contracts. 

He  asserted  that  any  wage  in- 
creases will  be  paid  for  by  the  gov- 

ernment while  any  program  delays 
will  be  paid  for  "by  the  American 
people." 

The  President  pointed  out  that 
the  union  shop  has  been  accepted 
for  years  in  such  industries  as  auto- 

motive and  steel. 

NASA  to  Study  Radiation 

A  four-stage  sounding  rocket — 
carrying  two  experiments  for  God- 
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4  SPECIAL 

DESIGN  FEATURES 

GIVE  THIS  SPS 

INSTANT  RESTART 

AND  STORABLE 

POWER  CAPABILITY 

Under  U.S.  Air  Force  contract, 
Sundstrand  Aviation- Denver  has 
designed,  developed,  and  tested 
a  Space  Power  System  fueled  by 
hydrazine.  It  offers  indefinite 
storability  and  instant  restarts 
limited  only  by  fuel.  (Available 
with  an  electric  heating  element 
for  starting  or  small  oxidizer  tank 

for  hypergolic  start.)  ■  Both 
models  utilize  high  performance, 

open  cycle,  monopropellant 
fueled  turbomachinery.  Both  ac- 

complish the  objective  of  efficient 
conversion  of  chemical  energy  to  electrical  and  hydraulic  power.  Normal  rated  output  is  1 0  kva 
at  0.85  power  factor  (electrical)  and  14  gpm  at  2700  psig  (hydraulic.)  Either  unit  may  operate 
on  its  own  fuel  supply,  or  on  residual  booster  fuel  at  normal  tank  pressure.  Each  incorporates 
components  required  to  convert  the  low  pressure  hydrazine  to  required  decomposition  chamber 
pressures.  Four  special  Sundstrand  design  features  give  unique  capabilities:  811.  A  light, 
reliable  hydrazine  pump  which  injects  the  fuel  into  the  decomposition  chamber.  H2.  Special, 
ball  bearing,  high-speed  assembly,  capable  of  withstanding  extreme  thermal  gradients  of  the 
turbine  shaft.  ■  3.  Incorporation  of  a  unique  two-stage,  single-disc  turbine,  wherein  the 
thermal  energy  is  efficiently  converted  to  mechanical  shaft  power.  B4.  An  integrated  lubrica- 

tion system,  capable  of  sustained  operation  in  zero-gravity  environment.  ■This  Sundstrand 
SPS  is  adaptable  to  many  space  power  applications,  such  as  vehicle  re-entry  or  orbital 
rendezvous  operations  where  high  power  outputs  are  needed  for  relatively  short  durations. 
■  Simply  request,  on  your  business  stationery,  further  details  concerning  this,  or  the  other 
space  power  systems  which  Sundstrand  has  under  development.  If  you  would  like  to  work 
with  or  on  the  Sundstrand  engineering  team,  finding  practical  solutions  to  challenging  space 
power  problems,  write  to:  Personnel  Director, 

SUNDSTRAND 
A  Division  of  Sundstrand  Corporation 
2480  West  70th  Avenue,  Denver  21,  Colorado 
SUNDSTRAND  IS  AN  EQUAL  OPPORTUNITV  EMPLOYER 
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ENGINEERS: 
Systems,  Design, 

Development 
PHYSICISTS 

opportunity 

and 

advancement 

are 

'GO' 

at  VITRO! 

DYNAMIC  EXPANSION 
CREATES  NEW 
CAREER  POSITIONS 

Vitro  Laboratories  is  expanding  on  all  fronts  .  .  . 
missile  systems  engineering  . . .  design  and  devel- opment .  .  .  analysis  . .  .  research  and  study.  We 
Invite  you  to  enter  the  "go"  climate  of  Vitro. 
MISSILE  SYSTEMS  ENGINEER 
System  engineering  in  Polaris  Weapons  System, 
Including  analysis  of  various  complex  electro- 

mechanical sub-systems.  Will  makecomparisons  of 
sub-subsystems  operations,  conduct  necessary 
studies  to  confirm  conformance  of  sub-system 
components  with  operational  requirements,  and 
engage  in  liaison  with  sub-contractors  to  support 
above  activities.  BSEE  or  equivalent.  Experience 
In  design  of  digital  circuitry  and  related  test  equip- ment desirable. 
SR.  MATHEMATICIAN 
Review  and  analysis  of  Polaris  system  functional 
design  to  determine  a  proper  error  assignment  on  a 
computational  criteria  basis.  BS  or  MS  in  mathe- 

matics. Four  to  ten  years'  missile  systems  relia- bility experience  desirable. 
ELECTRICAL  ENGINEER 
Will  analyze  missile  systems  for  good  engineering 
practices  to  reduce  radio  frequency  interference; 
conduct  RFI  measurements  in  lab  and  aboard  ship 
to  reduce  specific  RFI  effects.  Position  requires 
experience  in  these  areas  or  antenna  studies.  RF 
propagation  theory,  electromagnetic  radiation 
hazard  studies  or  associated  design  or  evaluation. BSEE. 
Direct  vour  inquiry  to: 
Manager.  Professional  Employment 

9ra LABORATORY Division  of  Vitro  Corporation  of  America 
Dept.  229.  14000  Georgia  Ave., Silver  Spring.  Maryland 
(Residential  suburb  of  Washington,  D.C.) Phone  WHitehall  2-7200 
An  equal  opportunity  employer 

PHOTO  SHOWS  Bullpup  missiles  mounted  on  wingtips  of  British  Navy  Scimitar  during 
flight  tests.  NATO  will  manufacture  Bullpups  in  Europe  under  agreement  signed  last 
week  with  Martin  Co.  All  components  for  the  NATO  missile  will  be  European-made. 

dard  Space  Flight  Center  and  the 
University  of  Minnesota — will  be 
launched  by  NASA  this  month  or 
next  to  determine  the  strength  of  the 
radiation  belt  created  by  the  July  9 
U.S.  high-altitude  nuclear  test. 

The  still-to-be-selected  sounding 
rocket  will  be  launched  from  either 
Wallops  Island,  Va.,  or  Point  Argu- 
ello,  Calif.  Because  of  the  lead  time 
involved,  the  flight  probably  will  not 
take  place  until  November. 

Shots  of  the  Week 

•  A  Minuteman  missile  closely 
resembling  operational  configuration 
of  the  solid-fueled  ICBM  was  suc- 

cessfully fired  from  its  underground 
launch  pad  at  Cape  Canaveral  Sept. 
19.  The  flight  followed  an  earlier  suc- 

cess the  day  before  (M/R,  Sept.  24, 

P.  10). 
•  Although  its  second  stage  failed 

to  burn  for  the  programed  time, 
fourth  test  of  the  air-launched  Sky- 
bolt  missile  was  labeled  by  Air  Force 
as  "95%  successful."  The  missile, 
which  fell  far  short  of  its  planned 
900-mile  flight  was  launched  over 
Cape  Canaveral  Sept.  25  by  a  B-52G 
from  Eglin  AFB,  Fla.  Telemetry 
data  is  being  analyzed  to  determine 
cause  of  the  failure. 

Test  objectives  included  check  of 
propulsion,  staging  and  autopilot.  It 
was  disclosed  that  failure  of  the 
third  Skybolt  launch  on  Sept.  13  has 
been  attributed  to  the  fact  that  the 
programer  ordered  separation  in- 

stead of  first  stage  ignition.  Missile 
was  destroyed  by  the  range  safety 

officer  after  the  second  stage  ignited. 
Fifth  Skybolt  launch,  scheduled 

within  a  month,  will  be  the  first  test 
of  the  Northrop  stellar  inertial  guid- 

ance system  (M/R,  Sept.  17,  p.  11). 
•  An  Army  Redhead/  Roadrunner 

successfully  completed  its  first  low- 
level  flight  Sept.  18.  The  target  mis- 

sile— developed  by  the  Columbus  Div. 
of  North  American  Aviation — flew  at 
about  500  feet  over  the  test  range  at 
Holloman  AFB,  N.M. 

•  A  new  three-stage  RAM  B 
rocket — developed  by  Ling-Temco- 
Vought — was  launched  last  week 
from  Wallops  Station,  Va.  Eleven 
seconds  after  second  stage  ignition 
all  contact  with  the  vehicle  was  lost. 
No  explanation  of  the  Sept.  22  fail- 

ure was  available  from  NASA.  Offi- 
cials said  the  rocket  is  41  ft.  long, 

solid  fueled. 

Project  RAM  (Radio  Attenua- 
tion Measurement)  is  designed  to 

provide  information  on  communica- 
tion blackout  during  space  vehicle re-entry. 

•  Two  capsules  ejected  from  an 
Atlas  F  Sept.  19  (M/R,  Sept.  24,  p. 
10)  were  successfully  recovered 
from  the  Atlantic  Ocean  the  same 
day,  AF  announced.  In  addition  to 
the  two  camera-carrying  capsules,  a 
data  cassette  from  the  re-entry  body 
also  was  recovered. 

Propulsion  Meet  Draws  600 
A  capacity  registration  of  more 

than  600  scientists  and  technical 
managers  is  expected  at  the  Third 
Symposium  on  Advanced  Propulsion 
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Concepts  meeting  in  Cincinnati,  Ohio, 
Oct.  2-4. 

Sponsored  jointly  by  the  Air 
Force  Office  of  Scientific  Research 

and  General  Electric's  Flight  Propul- 
sion Div.,  the  symposium  will  mark 

the  20th  anniversary  of  jet  flight, 
with  papers  delineating  propulsion 
state-of-the-art  and  future  plans: 
nuclear  and  electrical  propulsion,  su- 

personic combustion,  ramjets,  large 
rockets,  space-power  sources  and 
high-energy  propellants. 

Missiles  and  Rockets  will  pre- 
sent awards  to  authors  of  the  three 

papers  that  a  panel  of  program  chair- 
men and  AF  scientists  judge  to  be 

outstanding  contributions  to  the  pro- 
pulsion art. 

S-3A  Launch  Scheduled 

NASA  will  attempt  this  week  to 
launch  an  S-3A  energetic  particle 
satellite. 

The  flight  will  be  made  from 
Cape  Canaveral  with  a  Delta  launch 
vehicle  no  earlier  than  Oct.  2. 

New  IAF  Members  Named 

The  Institute  of  the  Aerospace 
Sciences  and  the  Hungarian  Astro- 
nautical  Society  became  members  of 
the  International  Astronautical  Fed- 

eration during  the  organization's 
13th  annual  meeting  Sept.  24-28  at 
Varna,  Bulgaria. 

The  IAS  was  accorded  non-voting 
status  because  Federation  by-laws 
limit  the  number  of  voting  members 
to  one  per  country.  The  American 
Rocket  Society,  an  early  IAF  mem- 

ber, is  the  voting  U.S.  organization. 

Douglas  Fires  S-IV  Engines 
The  six  clustered  RL-10A3  en- 

gines for  the  S-IV  stage  of  the  Sat- 
urn C-l  were  successfully  fired  for 

60  seconds  Sept.  24.  The  firing  took 
place  at  the  Douglas  Missile  and 
Space  Systems  test  installation  near 
Sacramento,  Calif. 

Space  Electronics 

With  this  issue,  Missiles  and 
Rockets  introduces  a  new  monthly 
feature  to  devote  attention  to  the 
increasingly  important  field  of 
new  space  electronics  products. 
The  special  section  will  appear 
hereafter  in  the  first  issue  of  each 
month.  It  will  provide  industry  en- 

gineers with  eight  pages  of  concen- 
trated, up-to-date  information  on 

product  designs  available  from 
firms  throughout  the  nation.  The 
section  begins  on  p.  34. 

THE  TURBO-SLOT  FAMILY 

OF  VANEAXIAL  BLOWERS 

N  LEVELS  OF  QUIETNESS,  LIGHTNESS  AND  PERFORMANCE" 

Increasingly,  Electric  Boat  Turbo-Slot  Vaneaxial  Blowers  are 
providing  a  lighter,  quieter,  more  compact  source  of  cooling  for 
missiles,  aircraft,  ground  support  equipment  and  electronic 
systems.  A  wide  selection  of  custom  and  standard  units  are  now 

available,  operating  on  DC  or  60-  and  400-cycle  AC  power.  For 
details,  write  or  call  General  Dynamics/Electric  Boat,  Blower 

Department,  Groton,  Connecticut,  Hilltop  5-4321, Ext.1933or1 106. 

"The  advanced  aerodynamic  blade  design  of  EB  vaneaxial  blowers  gives  a 
choice  of  benefits:  increased  performance  for  the  same  size  and  weight  as 
conventional  vaneaxials;  the  same  performance  at  lower  speeds  with  less 
airborne  noise  and  structural  vibration  plus  longer  maintenance-free  bearing 
life;  the  same  performance  with  smaller,  lighter  units;  or  a  balanced  com- 

bination of  these  benefits. 

GIIIIIIIID 

GENERAL.  DYNAMICS     ELECTRIC  BOAT 
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november  26  MISSILES  &  ROCKETS  SECOND  ANNUAL  NASA  ISSUE 

During  the  months  following  November,  the  National  Aeronautics  and  Space  Administration  will 

make  final  'procurement  and  development  decisions  on  many  major  programs:  Aeros / Advanced 

Relay/Nova  Super  Booster/ Advanced  Syncom/Lunar  Logistics  Supply  Vehicle/Lunar  Exploration 

Module  for  the  Apollo  Spacecraft.  Each  program  means  millions  of  dollars  to  be  spent  in  the  missile/ 

space  industry. 

M/R's  editorial  task  force  will  visit  NASA  headquarters  and  each  field  center  to  gather  in-depth 

information  on  the  space  agency's  present  and  f  uture  programs/budget  breakdowns  and  projections/ 
future  contracting  procedures / development  and  launch  schedules/new  technical  requirements  /  prime 

and  sub-contracting  opportunities. 

Advertisers  in  this  issue  will  benefit  from  systems-oriented  editorial  coverage  of  all  NASA's  program 
and  project  developments  .  .  .  40,106  current  paid  circulation  .  .  .  1000  bonus  circulation  to  key 

NASA  personnel  .  .  .  readership  by  the  NASA  executives  making  the  procurement  decisions. 

Buy  proven  performance.  NASA  purchased  60,000  reprints  of  M/R's  highly 
successful  first  NASA  issue,  published  in  November,  1961 

Advertising'  closing  date:  november  5,  1962 
issue  date:  november  26,  1962 
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Program  role  expands  .  .  . 

Gemini  Spending  May  Top  $700  Million 

Air  Force  wants  to  use  capsule  as  MODS  ferry 

vehicle;  NASA  considers  possible  circumlunar  mission 

NEW  NASA  and  Air  Force  plans 
are  likely  to  push  total  cost  of  the 
Gemini  spaceflight  program  well  above 
the  current  estimated  $700  million. 

The  Air  Force,  it  was  disclosed  last 
week,  wants  to  use  the  two-man  space- 

craft as  the  "ferry  vehicle"  for  its 
Manned  Orbital  Development  Station 
(MODS). 

NASA  officials  reported  the  space 
agency  is  studying  use  of  Gemini  for  a 
possible  circumlunar  mission. 

DOD  officials  disclosed  that  the 
Gemini  ferry  concept  is  part  of  the 
MODS  program  being  considered  by 
Secretary  of  Defense  Robert  Mc- 
Namara. 

The  two-man  vehicle  was  selected 
by  the  Air  Force  because  of  its  rendez- 

vous capability  and  its  early  1965  avail- 
ability. The  spacecraft  would  be  used 

to  shuttle  men  and  supplies  to  the 
20,000-lb.  station,  which  would  have  an 
orbiting  lifetime  of  several  months. 

Fiscal  '64  budget  requests  for MODS  call  for  feasibility  studies  and 
program  definition  competition.  The  AF 
is  pushing  hard  for  the  program  and  its 
chances  of  getting  DOD  approval  ap- 

pear good. 
The  AF  priority  for  a  rendezvous 

capability  was  emphasized  recently  by 
Systems  Command  Chief  Gen.  Bernard 
A.  Schriever  at  the  Air  Force  Assn. 
convention. 

He  told  a  panel  discussion  that  while 
orbital  assembly  techniques  were  im- 

portant to  the  space  effort,  he  "wouldn't 
give  them  top  priority,  particularly  in 
relation  to  rendezvous  and  docking." 

Space  agency  officials  refused  to 
make  a  prediction  as  to  whether  a 
manned  Gemini  circumlunar  mission 
would  be  approved.  They  said,  how- 

ever, that  quite  a  few  people  within  the 
space  agency  favor  the  idea.  One  big 
problem  would  be  getting  the  boost 
power  necessary  for  the  long  flight. 

•  Deep  space  role — Gemini  poten- 
tial for  deep  space  missions  was  noted 

in  a  recent  Manned  Spacecraft  Center 
announcement  that  outlined  plans  for 
the  program,  including  a  jump  in  its 
total  cost  from  $500  to  $700  million. 

That  cost,  MSC  declared,  covers  the 
entire  operation,  all  Titan  II  and  Atlas- 

Agena  D  boosters,  spacecraft,  support 
equipment,  pre-launch  operations  and 
checkout,  flight  monitoring,  data  reduc- 

tion, and  ground  training  equipment. 
In  Fiscal  '63,  about  $250  million 

has  been  allocated  to  the  program  by 
NASA. 

A  total  of  13  spacecraft  will  be  built 
by  its  prime  contractor,  McDonnell  Air- 

craft Corp.  Twelve  will  be  flight  models 
and  one  will  be  placed  in  a  test  chamber 
for  ground  systems  tests. 

MSC  says  the  first  mission  will  be 
unmanned,  the  second  calls  for  18  or- 

bits, and  the  third  will  be  a  two-week 
trip.  The  first  rendezvous  attempt  with 
the  Agena  D  will  be  made  on  the  fifth 
flight.  Length  of  the  Gemini-Titan  II combination  will  be  1 1 0  ft.  The  Titan  II 
alone  is  90  ft.  long.  The  Agena  D  target 
vehicle  is  32  ft.  long  and  60  in.  in 
diameter. 

For  the  rendezvous  mission,  the 
Agena  D  will  be  launched  into  an  orbit 
varying  from  87  to  150  miles.  The 
Gemini  spacecraft  will  be  boosted  into 
orbit  24  hours  later. 

A  radar  unit  aboard  the  spacecraft 
will  have  a  range  of  up  to  250  miles. 
This  will  be  used  to  lock  onto  the  Agena 
until  the  two  vehicles  close  to  within 
20  to  50  miles.  At  that  point,  the  space- 

craft pilot  should  be  able  to  see  a  high 
intensity,  flashing  light  from  a  beacon 
aboard  the  Agena  D. 

Small  rocket  engines  of  25  and  100 
lbs.  thrust  on  Gemini  will  be  used  for 
final  docking. 

Other  details  of  the  program  re- 
leased by  MSC  include: 

•  Pressure  suit  —  A  new  pressure 
suit  development  program  has  been  ini- 

tiated for  the  Gemini  program,  and 
study  contractors  (B.  F.  Goodrich,  Ar- 

rowhead Products  and  Protection,  Inc.) 
are  well  under  way.  These  suits  will 
have  removable  arms  and  legs  and  a 
fabric  helmet  that  can  be  opened  and 
folded  aside  for  astronaut  comfort  (a 
"shirt-sleeve"  environment)  and  exer- cise. 

During  the  Gemini  mission,  the 
pilots  will  unlatch  their  pressure  tight 
hatch,  and  climb  out  of  the  cockpit 
into  space — one  at  a  time — for  up  to 15  minutes. 

•  Adapter  Section  —  The  Gemini- 
Titan  adapter  section  will  be  carried  into 
orbit  with  the  spacecraft.  It  will  house 
fuel  cells,  main  oxygen  supply,  maneu- 

vering control  system,  retrorockets,  etc. 
The  adapter  section  itself  is  90-in.  long, 
90-in.  in  diameter  at  the  top  (base  of 
the  spacecraft)  and  120  in.  in  diameter 
at  the  lower  end  (top  of  the  launch vehicle). 

After  the  Titan  II  has  taken  the 
Gemini  spacecraft  to  orbital  altitude, 
pyrotechnic  devices  such  as  shaped 
charges  that  actually  cut  through  the 
metal,  will  be  used  for  separating  the 
launch  vehicle  from  the  adapter  section 
of  the  spacecraft. 

An  array  of  silver-zinc  batteries  will 
be  in  the  spacecraft  to  provide  power — ■ 
since  the  adapter  section  will  be  jetti- 

soned before  re-entry,  landing  and  post- 
landing  phases  of  the  mission.  These 
batteries  also  serve  as  an  emergency 
power  source  during  the  orbital  phase. 

•  Paraglider — To  provide  solutions 
to  primary  landing  system  problems  on 
Gemini,  the  63-ft.  ringsail  parachute 
used  with  the  Mercury  spacecraft  will 

be  replaced  with  a  "Rogallo  Wing"  or 
paraglider,  a  steerable  device  with  in- flatable booms  connected  with  a  coated 
synthetic  fabric.  The  paraglider  has  a 
wing-spread  of  43  ft.  and  is  30-ft.  long. 

Until  ready  for  use  in  the  lower 
atmosphere,  the  wing  will  be  carried 
folded  and  uninflated  in  a  cannister 
approximately  10  cu.  ft.  in  size  in  the 
cylindrical  section  of  the  spacecraft 
When  the  spacecraft  has  completed  its 
entry  and  has  slowed  to  a  subsonic 
speed  at  about  60,000  ft.,  a  drogue 
gun  will  remove  the  top  of  the  cannister, 
and  a  small  drogue  chute  will  be  de- 

ployed. The  collapsed  paraglider  will 
be  deployed  at  about  50,000  ft.  It  will 
then  be  released  into  flight  shape,  fully 
inflated,  and  will  be  operational  at  about 
42,000  ft.  This  will  permit  a  landing 
speed  of  about  45  knots. 

The  Gemini  landing  gear  will  consist 
of  a  nose  skid  and  two  outrigger  skids 
for  stability  and  support.  The  nose  skid 
will  be  extended  during  paraglider  de- 

ployment, but  the  pilot  will  extend  the 
rear  skids.  8 
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Further  delay  possible  .  .  . 

MA-8  Shot  To  Prep  NASA 

For  Two  24-hour  Flights 

by  Hal  Taylor 

NASA's  MA-8  shot  will  be  a  dress 
rehearsal  for  Project  Mercury's  final  two 
flights  in  the  second  and  third  quarters 
of  1963.  These  last  two  flights  of  the 
program  are  set  for  24  hours  each. 

Cancellation  of  two  interim  launches 
is  almost  certain. 

During  the  nine-hour  flight  sched- 
uled this  week,  space  agency  officials 

hope  to  obtain  needed  data  on  drifting- 
flight  fuel  and  electrical  power  con- 

sumption, tracking  and  communications 
procedures  and  pilot  performance. 

All  such  data  will  help  determine 
the  adequacy  of  spacecraft  systems  for 
one-day  flights  planned  before  Project 
Gemini  flights  begin  in  1964. 

Oct.  3  is  the  scheduled  launch  date 
for  MA-8,  but  technical  or  weather 
problems  could  force  further  delays.  Be- 

cause of  the  length  of  the  flight,  launch 
must  be  between  7  and  9  a.m.,  EDT. 

Astronaut  Cdr.  Walter  M.  Schirra, 
Jr.,  (USN)  will  be  mission  pilot.  AF 
Maj.  L.  Gordon  Cooper,  Jr.,  who  prob- 

ably will  make  the  first  one  day  flight, 
will  be  backup  pilot. 

The  Mercury  spacecraft,  named 
Sigma  7,  will  be  boosted  by  an  Atlas  D 
into  a  100-mi.  orbit.  Spacecraft  weight 
at  launch  will  be  4200  lbs.,  weight  in 

orbit  will  be  about  3000  lbs.  and  weight 
on  impact  will  be  2400  lbs. 

•  Recovery  areas — Prime  recovery 
area  for  a  five-  or  six-orbit  mission  will 
be  275  miles  northeast  of  Midway  Is- 

land in  the  Pacific  Ocean.  If  the  mission 
is  aborted,  recovery  area  for  one  orbit 
will  be  500  miles  east  of  Bermuda;  for 
two  orbits,  450  miles  south  of  Bermuda; 
for  three  orbits,  800  miles  southeast  of 
Cape  Canaveral,  and  for  four  orbits, 
170  miles  due  east  of  Midway. 

A  very  important  aspect  of  the  flight 
is  the  long  period  during  which  the 
spacecraft  will  be  allowed  to  drift  in 
orbit.  This  will  allow  large  savings  of 
hydrogen  peroxide  fuel  in  the  spacecraft 
control  system  and  will  provide  more 
time  for  the  astronaut's  observation  and 
experiments. 

•  Scientific  experiments  —  MA-8 
will  also  carry  four  scientific  experi- 

ments. First  of  these  will  be  a  flare- 
visibility  study.  Two  sites  have  been 
chosen  for  location  of  the  ground-based 
flares  to  decrease  the  probability  of 
cloud  cover  interference.  At  the  primary 
site,  Woomera,  Australia,  three  high- 
intensity  flares  will  be  ignited.  At  the 
second  location,  Durban,  South  Africa, 
electric  lamps  of  three-million  candle 
power  will  be  displayed. 

The  second  experiment  will  be  pho- 

ASTRONAUTS  Schirra,  left,  and  Cooper  check  retro-pack  on  Sigma-7  capsule  during 
weight  and  balance  tests  at  Cape  Canaveral  prior  to  Oct.  3  Project  Mercury  launch. 
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STATIC  TEST  firing  of  Atlas  D  booster 
to  be  used  in  MA-8  orbital  flight. 

tographic  studies  similar  to  those 
conducted  on  the  MA -6  and  MA-7  mis- 

sions. A  35mm  camera  again  will  be 
carried.  The  pilot  will  photograph  such 
terrestrial  features  as  folded  mountains, 
fault  zones,  volcanic  fields,  meteor  im- 

pacts and  glaciers. 
The  third  experiment  is  a  passive 

one.  Certain  advanced  heat-protection 
materials,  mounted  on  the  cylinderical 
portion  of  the  spacecraft,  will  be  stud- 

ied after  exposure  to  orbital  re-entry 
heating.  AVCO  Corp.,  NASA  Langley 
Research  Center  and  McDonnell  Aircraft 
Corp.  have  been  assigned  two  each  of 
the  available  panels  for  materials  test- 

ing. Emerson  Electric,  Chance-Vought 
Corp.  and  General  Electric  are  bonding 
one  sample  apiece  to  each  of  the  re- maining shingles. 

In  addition  to  evaluation  of  re-entry 
heating  effects  on  these  materials,  dis- 

crete cracks  or  slots  will  be  placed  in 
the  materials;  half  of  the  "flaws"  will  be 
filled  or  repaired;  the  remainder  will  not 
be  altered.  This  will  establish  the  ef- 

fectiveness of  heat  shield  repairs  and 
provide  non-critical  damage  as  a  com- 

parison. Another  MA-8  experiment  is  a 
radiation-sensitive  emulsion  study  spon- 

sored by  Goddard  Space  Flight  Center. 
Goddard  scientists  are  primarily  inter- 

ested in  the  type  and  magnitude  of 
nuclear  radiation  in  orbital  space.  Their 
experiment  has  been  proposed  for  study 
of  primary  cosmic  radiation,  gauging 
the  energy  spectrum  of  low-energy  cos- 

mic ray  particles,  measuring  high-energy 
gamma  rays,  and  searching  for  rare 
particles.  8 
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For  Saturn,  Nova  tests 

NASA  Announces  Mississippi  Site  Plans 

Construction  bids  on  $500-million  facility  expected 

within  a  year:  1965  completion  date  envisioned 

NASA  HAS  ANNOUNCED  a 
three-phase  $500-million  development 
plan  for  its  Mississippi  Test  Facility. 

The  first  phase — with  a  cost  of  $200 
million — calls  for  construction  of  four 
static  test  stands,  two  for  the  S-IC  first 
stage  of  the  Advanced  Saturn  and  two 
for  the  big  booster's  second  stage. 

About  20  support  buildings  are  also 
included,  with  completion  scheduled  for 
1965. 

No  final  decision  on  the  scope  of  the 
second  and  third  phases  of  MTF  devel- 

opment has  been  made,  the  space  agency 
said.  It  is  expected  that  additional  test 
stands  will  be  needed  for  the  Nova 
launch  vehicle  and  the  M-l  and  F-l 
rocket  engines. 

It  is  also  probable  that  the  RIFT 
nuclear  upper  stage  and  future  big 
solid  boosters,  as  well  as  other  rocket 
engines,  will  be  test  fired  at  the  site. 
This  is  expected  to  push  the  final  total 
cost  well  above  NASA's  current  esti- 

mate (M/R,  May  21,  p.  41). 
MTF  is  under  direction  of  NASA's 

Marshall  Space  Flight  Center.  The  test 
facility  is  located  on  a  141,500-acre  site 
in  Pearl  River  and  Hancock  Counties, 
Mississippi  and  St.  Tammany  Parish, 
Louisiana.  The  space  agency  purchased 
13,500  acres  and  has  obtained  easement 
rights  on  a  128,000  acre  buffer  zone. 

•  Construction  bids — Bids  for  con- 
struction of  the  four  test  stands  in  the 

first  phase  will  be  requested  as  soon  as 
site  preparation  and  design  studies  are 
completed.  This  could  take  six  to  1 2 
months. 

Other  highlights  of  the  first  phase 
development  plan: 

—In  addition  to  test  stands,  numer- 
ous structures  such  as  an  engineering 

lab,  acoustical  lab,  electronics  and  in- 
strumentation lab,  site  maintenance 

building,  automotive  shop,  inflammable 
materials  storage,  warehouses,  telephone 
building,  emergency  services,  central 
control,  data  handling  center,  S-II  stor- 

age, S-IC  storage  and  fuel  storage  will 
be  constructed. 

The  largest  structures,  with  the  ex- 
ception of  the  test  stands,  probably  will 

be  the  rocket  stage  storage  buildings — 
about  200  ft.  by  235  ft.,  with  ceilings 
about  70  ft.  high.  They  will  facilitate 
minor-stage  repair  and  modification  and 
safe  storage  of  rocket  stages  in  case 
of  hurricanes. 

—A  barge  area  and  lock  will  be 
built  at  the  southwest  corner  of  the 
test  area.  The  conventional  lock,  110  ft. 
by  600  ft.,  will  provide  about  20  ft.  of 
lift  from  the  Pearl  River  level  to  the 
MTF  canal  system. 

—  A  peripheral  canal  will  be  built 

along  the  south  and  east  sides  of  the 
test  area,  with  branch  canals  leading 
inward  to  booster  and  engine  test  stands. 
Some  15  miles  of  canals  will  be  con- 

structed and  15  miles  of  river  channel 
improved.  The  canals,  15  ft.  deep  and 
200  ft.  wide,  will  permit  unloading 
rocket  hardware  directly  from  barges 
onto  test  stands.  The  canal  system  will 
also  serve  as  a  water  reservoir  for  cool- 

ing jet  deflector  plates  and  for  fire fighting. 

•  Central  control — All  operation  at 
MTF,  including  canal  traffic,  will  be 
handled  from  the  central  control  build- 

ing, which  will  include  a  tall,  airport- 
like control  tower  where  personnel  will 

be  in  touch  with  all  operations  by  radio 
and  closed  circuit  television. 

A  large  portion  of  the  test  person- 
nel at  the  facility  will  be  contractor 

employees  to  assemble  rocket  stages 
required  for  the  manned  space  flight 
program.  Most  of  these  are  under  direc- tion of  the  Marshall  Center. 

The  St.  Louis  firm  of  Sverdrup  and 
Parcel  is  preparing  the  MTF  design  cri- 

teria. The  Army  Corps  of  Engineers, 
Mobile  District,  is  acquiring  the  land 
for  NASA,  in  cooperation  with  the 
Lands  Division  of  the  Justice  Depart- 

ment. The  Corps  of  Engineers  also  will 
manage  and  supervise  construction,  tt 

FIRST  PHASE  facilities  are  numbered  as  follows:  1)  engineering 
and  administrative  area,  2)  industrial  area,  3)  vehicle  and  service 
storage  area,  4)  barge  area,  and  5)  test  stands. 

ADVANCED  SATURN  S-IC  stage  test  stand  appears  in  artist's 
conception.  Stages  will  be  unloaded  from  barges  directly  onto 
stands,  part  of  the  $500-million  MTF  site. 
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Research  chief  coo/ . 

DOD's  Brown  Expected  To  Veto  SLAM 

$24  million  withheld  pending  re-evaluation 

despite  Air  Force,  Navy  support  for  nuclear  missile 
by  Charles  D.  LaFond 

PLUTO,  the  Air  Force  program 
leading  to  the  development  of  a  su- 

personic low  altitude  missile  system 
(SLAM),  may  be  following  the  aircraft 
nuclear  propulsion  program  down  the 
DOD  drain.  Industry  and  congressional 
observers  believe  its  liquidation  will  re- 

sult from  the  same  piece-at-a-time 
technique. 

In  the  face  of  AF  arguments  citing 
many  critical  advantages  inherent  in 
this  mode  of  weapons  delivery,  despite 
the  fact  that  this  is  the  only  air-breathing 
nuclear  propulsion  system  now  being 

developed,  despite  a  top  Navy  officer's 
claim  that  it  is  potentially  the  best  long- 
range  single  weapon  yet  conceived, 
Dept.  of  Defense  is  withholding  this 
year's  $24-million  appropriation  pend- 

ing program  re-evaluation. 
Dr.  Harold  Brown,  director  of  DOD 

research  and  engineering,  will  turn  in 
his  recommendations  concerning  the 
program  to  the  Secretary  of  Defense 
within  a  month. 

Despite  his  protestations  to  the  con- 
trary, members  of  the  Joint  Committee 

on  Atomic  Energy  at  the  recent  Pluto 
hearings  expressed  the  belief  that 
Brown's  decision  most  probably  would 
determine  the  fate  of  the  program. 

From  the  temper  and  tone  of  the 
congressional  interrogators,  led  by 
Chairman  Melvin  Price  (D-Ill.),  it  was 
obvious  that  they  believed  his  thumbs- 
down  decision  had  already  been  made. 

•  AEC  awaits  decision — Based  on 
the  Tory  IIA-1  successes,  General  A.  R. 
Luedecke,  AEC  general  manager,  stated 
that  the  AEC  considered  technical  feasi- 

bility of  a  nuclear  ramjet  reactor  to 
have  been  generally  demonstrated. 

Tory  IIC  testing  by  Lawrence  Radi- 
ation Laboratory  (LRL),  in  Nevada,  is 

scheduled  for  next  summer.  In  response 
to  a  Navy  request,  the  Lab  also  is 
studying  nuclear  ramjet  systems  for 
naval  applications. 

Noting  LRL  reports  of  reactor  suc- 
cesses, the  committee  expressed  con- 

cern over  the  lack  of  a  DOD  decision 
to  press  forward  Pluto  R&D  toward  a 
flight  test.  Also,  the  committee  ques- 

tioned DOD's  reticence  in  establishing 
a  single  responsible  program  manager. 
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Apparently,  the  Air  Force  and  the 
AEC  have  been  able  to  work  together 
effectively  in  the  past  with  respect  to 
Tory  HA  and  IIC  development  and 
testing.  However,  Gen.  Luedecke  indi- 

cated that  Air  Force  guidance  would  be 
required  before  AEC  could  select  a  con- 

tractor for  any  follow-on  program. 
Dr.  Theodore  Merkle,  LRL  associ- 
ate director,  agreed  and  stated  that  only 

by  selection  of  a  reactor  contractor  now 
could  it  be  expected  that  flight  testing 
would  be  possible  by  late  1964  or  early 
1965.  Actually,  $5  million  has  been 
available  from  AEC  for  such  contrac- 

tor funding  since  July  1 .  AEC,  however, 
could  not  make  any  award  without 
being  furnished  the  scope  of  work  re- 

quired by  the  AF. 
•  AF  approach  cautious — The  Air 

Force  position  on  SLAM  is  cautious. 
While  it  feels  a  need  for  continuing  the 
propulsion  development  effort  for  possi- 

ble use  in  a  low-altitude  long-range 
weapon  system,  it  does  not  now  have  a 
firm  requirement  for  such  a  vehicle. 

A  proposal  has  been  submitted  to 
DOD  to  continue  the  program  to  the 
extent  that  both  the  engine  and  vehicle 
technology  would  be  advanced  suffici- 

ently to  provide  a  clear  option  for  pro- 
ceeding to  an  operational  system  if 

required,  according  to  AF  Secretary 

Eugene  M.  Zuckert's  testimonv. 
Under  repeated  questioning  concern- 
ing the  lowering  of  Pluto  from  priority 

Category  II  to  III  last  year,  Zuckert 
stoutly  defended  the  decision.  It  is  based 
on  the  definition  of  Category  III  proj- 

ects, he  said,  because  lack  of  this  sys- 
tem would  "not  create  a  critical  deg- 

radation of  our  military  capability." 
Reactor  development  is  considerably 

out  of  phase  with  engine  R&D,  being 
ahead  by  from  1  to  IV2  years.  The 
newly  proposed  coordinated  program 
now  awaiting  DOD  approval  is  designed 
to  adjust  this  development  deficiency, 
Zuckert  claimed. 

The  committee  then  asked  what 
would  happen  if  DOD  continued  to 
withhold  the  $24  million  authorized  by 

Congress  for  Pluto/5L^M  R&D.  "No 
money,  no  program,"  said  Zuckert.  He then  stated  that  if  DOD  decided  next 

year  to  re-establish  the  program  it  would 
cost  an  additional  $1  million  with  the 
present  contractors  or  $10  million  and 
two  years  delay  with  new  contractors. 

Gen.  Bernard  A.  Schriever,  AFSC 

commander,  firmly  seconded  Zuckert's remarks.  Elaborating  on  the  AF  pro- 
posal for  project  continuation,  he  said 

it  sets  forth  a  "logical  three-step  ap- 
proach to  propulsion  feasibility  demon- 

stration." In  summary,  these  included 
( 1 )  a  basic  engine  ground  test  program 
to  provide  a  first,  though  rudimentary, 
thrust  device,  (2)  a  flight-rated  engine 
ground  test  program,  and  (3)  a  flight 
test  program  for  the  latter  engine. 

Then,  said  Schriever,  "We  must  not 
lose  sight  of  the  uniqueness  of  a  nuclear 
ramjet  capability  because  of  the  numer- 

ous and  critical  advantages  that  may 
accrue  in  terms  of  additional  flexibility 
of  weapons  delivery.  There  is  no  cur- 

rently known  method  of  achieving  su- 
personic speeds  and  unlimited  range 

through  the  atmosphere,  particularly  at 
low-level,  other  than  through  the  appli- 

cation of  nuclear  power." 
Also,  he  added,  no  other  air-breath- 
ing nuclear  propulsion  system  is  under 

development. 
Supporting  this  argument,  John  S. 

McCollom,  Pluto  program  manager  for 
the  AF,  told  the  committee:  60%  of 
the  results  so  far  obtained  from  the 
AEC-AF  effort  apply  to  other  atmos- 

pheric systems,  gains  associated  with  the 
radiation  environment  would  be  useful 
in  space  programs,  and  possibly  85% 
of  the  technical  advances  would  be  use- 

ful elsewhere. 

•  Navy  agrees  with  AF — The  Navy, 
which  has  followed  the  Pluto  program 
from  its  inception  and  has  funded 
studies  for  the  past  three  years,  supports 
the  Air  Force  position  unequivocally, 
testified  Vice  Adm.  W.  F.  Raborn,  Jr., 
deputy  chief  of  Naval  Operations  for 
development. 

Praising  developmental  efforts  of 
both  the  AEC  and  AF,  Raborn  asserted 
that  Pluto  could  complement  a  Polaris- 
type  missile  system  of  the  future  and 
could  be  applied  in  both  surface  and 
undersea  naval  craft.  The  combination 
of  the  Polaris  weapon  system  with  a 
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nuclear  ramjet  engine  might  be  poten- 
tially the  most  powerful  single  weapon 

yet  conceived,  he  said. 
•  Brown  dampens  enthusiasm  — 

DOD  interest  in  Pluto  and  SLAM,  said 
Fred  A.  Payne,  deputy  director  of  De- 

fense Research  and  Engineering,  lies  in 
the  possibility  that  some  future  enemy 
A-ICBM  systems  might  degrade  the  ef- 

fectiveness of  present  ballistic  missiles. 
But  he  cited  three  other  possible 

ways  to  effect  low  altitude  penetration: 
maneuverable  ballistic  re-entry  vehicles, 
sea-  or  air-launched  chemically  pro- 

pelled short-range  low-altitude  cruise 
missiles,  or  an  advanced  manned  air- 

craft system  with  low-altitude  penetra- 
tion capability.  The  latter  is  not  the 

RS-70.  Payne  said  in  response  to  in- 
tensive committee  questioning. 

(Subsequent  testimony  by  Dr.  Brown 
indicated  that  all  three  alternatives  were 
but  concepts  now.) 

Payne  indicated  that  reactor  feasi- 
bility will  be  established  by  the  end  of 

the  Tory  IIC  test  series.  He  foresaw  no 
serious  propulsion  system  development 
problems.  However,  he  said  flight  test- 

ing would  be  very  expensive,  complex, 
and  might  generate  international  politi- 

cal problems  similar  to  those  resulting 
from  nuclear  weapons  testing. 

The  committee  again  expressed  con- 
cern that  DOD,  despite  AF/Navy  en- 

dorsement, was  going  to  kill  the  pro- 
gram. Almost  every  question  posed  by 

committee  members  to  Payne  was 
fielded  by  Dr.  Brown. 

Upon  learning  that  DOD  might 
withhold  the  $24  million  authorized  for 
AF,  Rep.  Craig  Hosmer  (R-Calif. ) 
asked  if  this  represented  another  step  in 
an  effort  to  kill  the  program  in  stages. 

•  Brown  parries — In  the  fencing 
that  followed.  Brown  said:  "Not  all  pro- 

grams which  are  technically  feasible 
should  be  carried  through.  As  part  of 
our  regular  review  we  have  to  balance 
all  our  programs  against  each  other  be- 

fore committing  ourselves  in  one  direc- 
tion. Turning  to  Pluto  in  particular,  we 

are  now  looking  at  engine  development 
and  non-engine  development  with  the 

Air  Force." Asked  why  DOD  chose  this  time  to 
re-evaluate  the  program.  Brown  said, 
"sometimes  a  given  approach,  although 
it  is  better  than  another  approach  at  the 
moment,  is  still  not  the  approach  which 

will  finally  be  decided  upon." 

The  high  cost  of  R&D  for  Pluto 
might  be  an  important  factor  in  any 
DOD  decision  concerning  the  program. 
Brown  stated  that  the  least  that  will  be 
done  is  to  carry  through  the  planned 
Tory  IIC  tests.  This  would  cost  more 
than  $20  million.  Ground  testing  the 
reactor  with  the  ramjet  engine  would 
cost  another  $100  million,  pre-flight  en- 

gineering, $100  million  and  flight  testing 
an  additional  $300  million. 

Going  back  to  Payne's  testimony  con- cerning alternative  penetration  methods, 
the  committee  asked  what  else  was  be- 

ing done  in  this  field  by  DOD.  Several 
million  dollars  have  been  allocated, 
said  Brown,  to  fund  studies  for  ma- 

neuverable vehicles  competitive  with 
SLAM — but  not  necessarily  better. 

The  whole  program  is  being  recon- 
sidered now.  Brown  claimed,  because 

contractor  funding  is  on  a  calendar  year 
basis,  rather  than  fiscal.  But,  said  a 
committee  member,  "these  funds  were 
considered  minimum  when  first  re- 

quested. How  do  you  justify  program 

elimination?" "All  programs,"  said  Brown,  "are 
balanced  against  each  other"  during 
periodic  reviews.  tt 

SLAM  To  Cost  $500  million  Through  Flight  Tests 
An  estimated  $500  million  will  be 

required  to  carry  P\uto/SLAM  de- 
velopment through  flight  testing.  The 

project's  history  follows. The  Department  of  Defense  in 
late  1955  requested  the  Atomic  En- 

ergy Commission  to  take  part  in 
feasibility  studies  of  a  nuclear  ramjet 
engine  and  Project  Pluto  was  initi- 

ated in  1956.  In  1958,  Pluto  was 
reoriented  toward  a  low  altitude  su- 

personic missile,  after  two  years  of 
concentrating  on  materials  R&D. 

Three  firms  were  awarded  $200,- 
000  study  contracts  by  the  Air  Force 
in  FY  '59  to  determine  feasibility  of a  supersonic  low  altitude  missile 
(SLAM)  using  a  nuclear  ramjet  en- 

gine: Chance-Vought,  North  Ameri- 
can Aviation  and  Convair. 
SLAM  capability  was  to  include 

at  least  a  12,000-mile  operating 
range,  Mach  3  speed,  and  have  a 
variable-range  flexible  target-seeking 
capability. 

The  C-V  proposal  was  selected  as 
best  and  the  company  continued  to 
develop,  with  its  own  funds,  a  de- 

tailed study  of  development  problems. 
Theoretical  reactor  studies  by 

AEC  has  shown  technical  feasibility. 
But  to  obtain  real  propulsion  engi- 

neering feasibility,  it  was  decided  to 
build  and  test  a  series  of  reactors 
(Tory).  The  first,  Tory  IIA-1  and  its 

Pluto/SLAM  Status  Report 
Actual  and  Planned  Expenditures 

(millions) Funding Planned 
Agency FY FY Total 

•55-42 

•63 

AEC 
$102.5 

$29.0 $131.5 Air  Force 30.8 24.0 54.8 Navy 

0.2 0.3 0.5 
TOTAL $133.5 

$53.3 
$186.8 

backup  Tory  IIA-2  were  to  be  used 
to  checkout  reactor  core  materials 
and  to  permit  study  of  aerothermo- 
dynamic  behavior  of  the  core-air  heat 
exchange  system  under  simulated  low 
altitude  supersonic  flight  conditions. 

In  the  meantime,  the  SLAM  pro- 
gram was  oriented  toward  subsystem 

development.  Chance-Vought  was  se- 
lected to  perform  developmental 

work  in  airframe  structural  studies, 
radiation  and  thermal  studies  asso- 

ciated with  guidance  and  control, 
plus  over-all  system  studies.  Ramjet 
design  work  was  undertaken  by  the 
Marquardt  Co. 

Tory  IIA-1  was  developed  and 
tested  by  the  AEC's  Lawrence  Radia- tion Laboratory  in  May  1961,  at 
reduced  power  (50  Mw).  This  test 
was  followed  by  three  full-power 
(150  Mw)  ground  tests  ending  in 
October  1961.  So  successful  were 
the  tests  that  Tory  IIA-2  was  elimi- 

nated from  the  test  program  and 
work  moved  directly  to  Tory  IIC — 
the  step  between  the  earlier  engineer- 

ing feasibility  reactor  and  a  flyable 
prototype. 

The  Navy  in  1961  began  funding 
a  study  effort  to  determine  feasibility 
of  employing  nuclear  ramjet  missile 
systems  on  both  submarines  and  sur- 

face vessels.  It  also  initiated  a  pene- 
tration-aid study  project. 

Tory  IIC  is  now  in  final  develop- 
ment, awaiting  completion  of  new 

test  facilities  at  the  AEC's  Nevada Test  Site.  Tests  will  begin  next 
summer. 

The  Air  Force  wants  to  extend 
its  R&D  program  into  propulsion 
system  airframe  integration,  radiation 
effects  on  flight  vehicle  electronics 
(breadboards  only)  and  further  de- 

velopment of  structural  criteria  as- 
sociated with  high-speed  low-level 

flight.  Finally,  it  wants  to  extend  its 
materials  research,  breadboard  all 
necessary  subsystems,  and  carry  out 
stress  and  vibration  analyses. 

The  Air  Force  requested  $40 

million  for  its  program  for  FY  '63; it  was  authorized  $24  million  by  Con- 
gress, and  the  funds  are  now  being 

held  by  DOD.  If  the  program  sur- 
vives DOD  review,  AF  is  expected  to 

request  another  $30  million  for 
FY  '64. 
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Technical  Countdown 

PROPULSION 

Soviets  Plan  Ion  Engine  Flights 
Electrical  propulsion  systems  investigations  conducted  by 

the  Russians  are  centering  on  ion  engines.  Laboratory  tests 
have  been  made  and  "many  of  the  problems  connected  with 
assembly  of  these  on  rockets  have  been  solved"  says  a  Czech 
author.  Plagued  with  the  same  problems  as  their  U.S.  coun- 

terparts, the  Russians  recognize  the  power  supply  obstacle 
but  claim  the  engines  will  be  used  for  planetary  probes  in  the 
next  three  to  four  years. 

Cap  Pistol  Controls  Under  Contract 

Curtiss-Wright  is  assembling  prototype  models  of  its  "cap 
pistol"  attitude  control  system  under  contract  to  the  Air 
Force's  6953d  Test  Group  (Dev.).  Edwards  AFB.  The  en- 

capsulated solid-propellant  pulse  engine  is  capable  of  ex- 
tremely small,  highly  controlled  pulses  in  varying  increments. 

Tiny  bits  of  solid  propellant  are  embedded  in  plastic  tape, 
each  with  its  own  self-contained,  shaped  nozzle.  These  minia- 

ture engines  can  be  fired  individually  or  rapid-fire,  as  deter- 
mined by  a  direct-action  digital  computer.  The  firm  is 

investigating  feasibility  of  a  variable-position  mounting  to 
eliminate  need  for  several  units  on  a  given  spacecraft.  The 
concept  could  also  be  applied  to  gimballing  huge  rocket 
engines,  eliminating  currently  used  hydraulic  plumbing. 

Hybrid  Rocket  Flown 
Engineers  at  the  Naval  Ordnance  Test  Station.  China 

Lake,  Calif,  have  successfully  free-flight  tested  a  hybrid 
propulsion  system  using  a  combination  liquid  and  solid 
propellant  in  a  single  motor.  The  motor  is  an  outgrowth  of 

the  station's  propellant  and  propulsion  research  and  develop- ment programs  sponsored  by  the  Polaris  Special  Projects 
Office. 

ADVANCED  MATERIALS 

Russians  Gear  Up  for  Quiet  Solar  Period 
Additional  Cosmos  satellites  will  be  launched  by  Russia 

towards  the  end  of  1962  to  gather  information  related  to 
long-term  space  flight  with  particular  emphasis  on  prepara- 

tion for  lunar  activities  during  the  "quiet"  solar  period  due 
to  begin  in  about  three  years.  Soviet  space  probes  will  test 
new  materials,  particularly  laminates  with  silicon  fibers — 
suitable  for  nose  cones  and  other  re-entry  vehicles.  Ceramic- 
metal  alloys  such  as  72%  chrome  and  28%  aluminum  oxide 
will  be  tested,  together  with  zirconium  carbide,  silicone  car- 

bide and  zirconium  boride. 

Carbon-Silica  Laminates  Tested  for  Nozzles 

Two  42-in.  diameter  tape-wound  carbon-silica  composites 
fabricated  by  U.S.  Polymeric  Chemicals  Inc.  are  undergoing 
tests  to  determine  feasibility  of  replacing  currently  used 
graphite  and  carbon  cloth  inserts.  Sections  were  made  from 

the  firm's  Poly-Preg  FM  5063  carbon  tape  using  a  highly 
substituted  ring-structure,  phenyl  aldehyde  condensation 
resin  system,  tension-wrapped  over  a  mandrel  and  de-bulked 
in  a  vacuum  bag.  The  carbon  tape  was  overwrapped  with 
Poly-Preg  XA-0-34-2  high-silica  tape  using  a  modified  MIL- 
R-9299  phenolic  resin.  One  section  was  completely  cured  at 
once  in  an  autoclave  and  the  other  involved  curing  first  the 
carbon  wrap  and  then  the  silica  overwrap. 

Diphenyl  Oxide  Attacks  Silicone  Resin  Market 
Westinghouse  Electric  Corp.  will  make  a  major  attempt 

to  displace  silicone  resin  insulators  for  many  high-tempera- 
ture Class  H  requirements  with  newly  developed  diphenyl 

oxide  thermosetting  resins.  Available  as  a  varnish,  pre-preg 
and  pre-preg  coating.  "Doryl"  allows  full  retention  of  me- chanical and  electrical  strength,  resists  solvent  attack,  causes 
no  brush  wear  and  costs  less  than  previous  Class  H  materials. 
The  resins  also  have  applications  as  binders  in  filament  wind- 

ing. Bond  strengths  have  been  maintained  over  3000  hours 

at  250°C. 
Sprayable  Material  Resists  Radiation 

A  family  of  materials  combining  thermal  and  radiation- 
resistant  properties  based  on  boron  and  lead  compounds 
dispersed  in  various  epoxy,  polyurethane  and  silicone  binders 
is  being  prepared  for  commercial  production  by  Dyna-Therm 
Chemical  Corp.  The  mixtures  are  equivalent  to  lead  on  a 
mass-per-unit  area  basis  against  high  energy  gamma  radi- 

ation. The  materials  can  be  cast,  molded,  poured,  sprayed  or 
brushed  to  provide  thin,  effective  coatings. 

ASTRONAUTICS 

PMR  Checks  Impact  Location  System 
The  Pacific  Missile  Range  has  completed  checkout  of  a 

missile  impact  location  system  (MILS)  destined  for  a  major 
role  in  pin-pointing  the  Sigma-7  capsule  impact  area.  A 
small  "bomb"  will  be  released  from  the  capsule  at  para- 

chute deployment.  Underwater  detonation  of  this  charge 
will  be  received  by  MILS  stations  at  Kaneohe,  Midway. 
Wake  and  Eniwetok,  fixing  the  direction  of  the  sound  source. 
Data  from  each  station  will  be  transmitted  to  computers  at 
Kaneohe,  Hawaii,  and  a  general  fix  then  provided  to  NASA 
and  Navy  recovery  vessels.  MILS  data  also  will  be  received 
at  PMR  headquarters.  Point  Mugu,  for  back-up  support. 

Radiation  Dosage  Device  Perfected 
Direct  measurements  of  the  radiation  absorbed  at  five 

points  on  an  astronaut  is  possible  with  a  set  of  tissue-equiv- 
alent ionization  chambers  developed  under  Air  Force  funding 

by  Hughes  Aircraft  Co.  The  system  is  completely  transistor- 
ized except  for  the  electrometer  tubes  and  weighs  only  20 

lbs.  Automatic  calibration  is  provided  every  two  minutes 
during  its  150-hour  or  greater  lifetime.  Trapped  radiation  in 
the  chambers  creates  a  minute  electric  current  which  is  then 
amplified  by  the  individual  chamber  for  transmission  to  other 
portions  of  the  system  where  further  amplification  produces 
a  signal  suitable  for  telemetering. 

SNAP  8  Reactor  Run 
First  nuclear  reactor  in  the  SNAP  8  program  has  been 

operated  by  Atomics  International  at  the  AEC  Santa  Susana. 
Calif.,  facility.  The  reactor  was  operated  at  very  low  power 
without  the  electrical  generating  system.  Full  power  run  is 
not  expected  before  next  year. 

Lightweight  GSE  Reactor  Tested 

World's  smallest  portable  nuclear  reactor  was  hooked  up 
to  a  power-conversion  unit  late  last  month  and  successfully 
produced  electricity.  Developed  by  Aerojet-General  Nu- 

cleonics for  the  Army  nuclear  power  program,  but  having 
wide  uses  in  the  missile  and  space  GSE  field,  the  40-ton 
nuclear  powerplant — ML-1 — is  designed  to  run  at  full 
power — 300-500  kw — for  a  year  without  refueling. 
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FACILITIES 

Latest  step  in  Grumman's  long-range  aerospace  pro- 
gramming is  construction  of  a  new  $5  million  Space 

Engineering  Center,  shown  here  in  an  architect's  draw- 
ing. Along  with  the  recently  completed  Electronics  Sys- 

tems Center  and  in-progress  Research  Center,  this  new 
complex  of  aerospace  facilities  will  give  Grumman  the 
physical  capabilities  and  resources  to  undertake  major 
space  system  assignments. 

In  the  early  1950's,  Grumman  instituted  a  comprehen- 
sive, long-range  program  of  space  studies.  Significant 

areas  were  hypersonics,  reentry,  capsule  retrieval,  or- 
bital transferand  lunar  vehicles.  Majoraccomplishment 

to  date  is  acquisition  of  the  OAO  (Orbiting  Astronomical 
Observatory)  contract  and  the  Echo  II  canister  assem- 

bly. More  recent  study  contracts  include  the  perform- 
ance study  for  Lunar  Logistics  Systems  and  a  new  con- 
tract study  in  Lunar  Astrodynamics.  Against  the  back- 

ground of  33  years'  experience  in  solving  the  man- 
machine  equation  in  aircraft  and  weapons  systems, 
Grumman  now  offers  a  fully  integrated  space  capability. 

AND  ESPECIALLY 

Grumman's  most  valuable  asset  is  people:  scientists, 
engineers,  technicians  and  craftsmen.  This  work  force 

provides  an  unbroken  network  of  interlacing  aerospace 
experience  and  skills.  Over  all  is  a  management  team 
with  the  uncommon  knack  of  fitting  man  and  machine 

together ...  of  correlating  large-scale  programs  simul- 

taneously ...  of  ensuring  "total  company"  effort ...  of 
transforming  advanced  ideas  into  reality.The  Grumman 
work  force  is  by  far  the  most  stable  in  the  industry. 

GRUMMAN 

AIRCRAFT  ENGINEERING  CORPORATION 

BETH  PAGE  •   LONG  ISLAND  •  NEW  YORK 



advanced  materials 

New  Test  for  Glass  Filament  Windings 

Goodyear  develops  non-destructive  method  that  monitors 

motor  case  condition  during  production  or  after  delivery 

by  John  F.  Judge 

Akron,  Ohio — Engineers  at  Good- 
year Aircraft  Corp.  may  soon  be  able 

to  determine  non-destructively  the  struc- 
tural integrity  of  a  glass-filament-wound 

solid  or  liquid-propellant  chamber  re- 
gardless of  its  disposition — during  pro- 
duction, after  delivery,  aboard  subma- 

rines or  on  the  launching  pad. 
The  method  may  also  provide  new 

insight  into  failure  mechanisms  before, 
during  and  after  actual  physical  break- 
down. 

It  could  generate  definite  data  on 
the  condition  of  a  motor  case  after  hy- 
drotesting  and  perhaps  even  eliminate 
the  expensive  burst  tests  currently  used 

to  check  production  lots  of  solid  motor 
cases. 

The  technique  consists  of  winding 
an  electrically  conductive  trace  element 
into  the  structure  during  the  fabrication 
process.  GAC  uses  a  light  coat  of  alum- 

inum on  a  statistically  chosen  number 
of  ends  in  the  rovings.  Test  bottle  ex- 

periments have  shown  an  increase  in 
resistance  after  each  cycle  in  hydro- 

static runs — probably  due  to  individual 
filament  breakage  in  the  roving.  The 
aluminum  coatings  have  not  proven 
detrimental  to  the  filament-wound  struc- 
ture. 

The  technique  is  still  in  the  experi- 
mental stage  but  experts  see  no  tech- 

nical problems  in  adapting  it  to  existing 
winding  operations. 

•  Glass  for  liquids — GAC  is  also 
developing  flexible  filament-wound  struc- 

tures with  an  eye  toward  propellant 
tanks  in  large  liquid  rockets  such  as 
Nova.  Currently  in  research  and  devel- 

opment, the  flexible  approach  solves  the 
transportation  problem  associated  with 
these  massive  units.  A  flexible  or  pack- 
ageable  Nova-scale  tank  can  be  carried 
by  railroad  flatcar  to  the  vehicle  assem- 

bly location. 
The  firm  has  built  small  10-in.  bot- 
tles and  checked  out  a  host  of  possible 

reinforcing  materials  such  as  metals, 
synthetics  (Dacron,  nylon,  etc.)  and 
glass.  The  key  flexibility  is  in  the  binder 
choice.  This,  together  with  winding 
techniques,  has  resulted  in  a  Dacron 

FIRST  STAGE  glass  motor  chamber  for  Navy's  2400-mile 
Polaris  A-3  will  be  fabricated  on  this  production  line  at  Good- 

year Aircraft.  Right  to  left:  in-place  vertical  winding  machine 
capable  of  handling  parts  up  to  6  ft.  in  diameter  and  18  ft.  long; 
26 

vertical  circumferential  winding  machine;  vertical  forced-air  oven 
instrumented  for  programed  operation  and  capable  of  rotating 
cases  during  cure;  mandrel-removal  fixture.  Far  left  is  a  vertical 
checkout  stand  for  dimensional  and  other  measurements. 
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composite  of  unusual  strength-to-weight 
levels. 

Flexible  filament  structures  involve 
a  translation  of  technology  from  current 
chambers,  such  as  Polaris,  with  a  change 
in  material.  Winding  patterns  and  other 
aspects  remain  essentially  the  same. 

The  prime  benefit  is  packageability. 
but  other  applications  can  be  foreseen — 
such  as  expulsion  systems  for  zero-g 
operation.  GAC  sees  no  great  difficulty 
in  winding  integrated  fuel/  oxidizer 
tanks.  Structural  rigidity  would  be  ac- 

complished through  pressurization. 
Filament-winding  devices  are  essen- 

tially machine  lathes  supporting  the 
shape  to  be  wound.  The  lathe  carriage 
contains  the  resin-impregnating  equip- 

ment and  guides  for  directing  filaments 
to  a  programed  shape. 

Simplified,  the  filament-winding  tech- 
nique consists  of  passing  a  number  of 

glass  filaments  or  rovings  through  a 
resin  bath,  and  winding  the  resin-coated 
filaments  on  a  surface  of  revolution 
under  a  programed  tension.  The  fila- 

ments emerging  from  the  resin  bath  are 
adjacent  and  parallel  to  each  other, 
forming  a  web.  The  mandrel  (surface 
of  revolution)  supplies  the  outline  and 
is  removed  after  curing  operations. 

The  tension  imparted  to  the  resin- 
wetted  webs  during  winding  squeezes 
out  excess  resin,  providing  necessary 
curing  pressure.  After  winding,  the 
structure,  mandrel  and  axle  assembly 
are  placed  in  an  oven  and  cured  from 
3  to  46  hours  at  100°  to  500°F. 

•  Variable  patterns — Spool  or  cir- 
cumferential wrapping  is  a  technique  in 

which  filaments  are  wound  essentially- 
perpendicular  to  the  mandrel  axis. 
Helical  wrapping  puts  more  of  an  angle 
on  the  filaments  with  the  same  axis 
base,  and  in-plane  wrapping  involves 
winding  filaments  on  the  mandrel  in 
great  circles.  Several  of  these  tech- 

niques normally  are  applied  to  a  spe- 
cific configuration.  The  number,  type 

and  amount  are  determined  by  design 
configurations. 

An  accurately  controlled  resin-to- 
glass  ratio  is  the  most  critical  variable 
in  winding.  It  involves  resin  pick-up, 
bath  viscosity,  winding  tension,  pattern, 
degree  of  B-staging  before  cure  and  the 
rate  of  heat  transfer  during  cure.  Key 
to  holding  precise  tolerances  in  the  fin- 

ished product  lies  in  successful  control 
of  each  of  these  variables. 

Impervious  liners  can  offset  the  in- 
herently porous  nature  of  glass-wound 

structures,  and  large  tanks  could  be 
wound  on  a  mandrel  with  the  liner  and 
insulation  layers  already  in  place,  as  is 
the  current  practice.  GAC  experts  say 
the  larger  the  part,  the  more  economical 
is  the  operation.  The  firm  can  draw  on 
the  vast  potential  of  its  parent  organiza- 

tion— Goodyear  Tire  &  Rubber — for 
elastomers  and  other  liners  (see  box). 
missiles  and  rockets,  October  1,  1962 

THIS  LARGE  numerically  controlled  winding  machine  is  used  both  for  pilot  or  initial 
production  and  research  pressure  chambers.  The  unit  can  be  easily  expanded. 

GAC  is  no  newcomer  to  the  fila- 
ment-winding field,  having  started  with 

pressure  vessels  for  the  Allegany  Bal- 
listics Lab  in  1949.  The  firm  now  holds 

a  contract  for  Polaris  A-3  first-stage 
motor  chambers  from  Aerojet-General Corp. 

A  wide  range  of  research  programs 
backs  up  this  production  facility  includ- 

ing a  large,  numerically  controlled  wind- 
ing machine  for  research.  Production 

machines  capable  of  fabricating  closed- 
end  pressure  vessels  as  large  as  97  in. 
across  and  312  in.  long  are  available. 

This  can  be  expanded  to  240-in.  by 
540-in.  and  larger.  The  winding  capa- 

bility of  these  machines  ranges  from 
low-angle  in-plane  and  circumferential 
wraps  to  the  more  complex  helical 

patterns. These  machines  have  produced  a 
variety  of  developmental  and  produc- 

tion configurations  involving  axial  wrap- 
ping requirements  varying  from  low- 

angle  in-plane  to  multiple  circuit  helical- 
wrap  windings. 

Indicative  of  the  firm's  versatility  is 
a  small  research  project  involving  a 
filament-wound  tire  for  a  lunar  vehicle. 
A  9-in.  diameter  tire,  4-in.  wide  with  a 
4-in.  center  opening  and  weighing  less 
than  16  grams  has  been  wound  to  meet 
a  one  lunar  pound  load  requirement. 
But  the  tire  buckled  under  the  specified 
load  because  of  the  fiber  employed. 

Proper  fiber  pantographing  was  a 
problem,  until  the  researchers  developed 
a  satisfactory  flexible  binder.  The  firm 
is  certain  a  1-oz.  weight  level  can  be  met. 

While  still  working  on  this  problem, 
GAC  found  the  tire  almost  perfect  for 
another  application — the  elbow  of  an 
experimental  NASA  space  suit. 

•  Pressure  bottle  work — High  pres- 
sure bottles  represents  another  area  of 

effort.  GAC  designers  can  meet  any 
mission  or  end-application  requirement 
in  terms  of  strengths  and  weights — and 
often  exceed  the  specified  contained 
volume  within  the  on-board  space  limi- 

tations. But  as  long  as  the  spherical 
shape  remains  mandatory,  glass  cannot 
compete  realistically  with  metals. 

By  optimizing  the  shape,  glass  wind- 
ers could  be  freed  from  the  round  bottle 

configuration  requirement.  The  design 
could  be  optimized  to  fit  the  applica- 

tion, using  the  maximum  potential  of 
filament  winding. 

Fabrication  of  head  contours  has 
never  been  a  problem  at  GAC.  The  firm 
has  had  a  unique  capability  in  stress 
analysis  since  the  early  airship  days. 
When  filament  winding  came  along,  the 
experience  fit  perfectly.  They  now  have 
an  analytical  system  of  parametric  pro- 

ONE  OF  MANY  flexible  bottles  wound  by 
GAC  is  this  Dacron-reinforced  poly  me- 

thane vessel  shown  partially  collapsed. 
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A  13-TON  mold  core  is  removed  from  Goodyear  press,  together  with  a  cured  solid- 
rocket  insulating  liner  segment.  Integral  liner  now  moves  to  X-ray  inspection  area. 

Big  Press  Completes  Goodyear  Facility 
A  multi-million  dollar  solid  rocket 

insulation  liner  production  facility 
reached  completion  recently  with  in- 

stallation of  a  huge,  two-story  curing 
press  at  Goodyear  Tire  &  Rubber 
Co.'s  Aviation  Products  Div.,  Akron, 
Ohio. 

The  division  turns  out  insulation 
for  both  Minuteman  and  Polaris  mis- 

siles; the  new  press  eliminates  the 
tedious  hand-layup  methods  of  aft 
and  forward  dome  insulation. 

The  matched-die  mold  technique 
made  possible  by  the  press  permits 
closer  dimensional  and  density  con- 

trol, more  precise  reproducibility  and 
uniformity  and  greater  flexibility  in 
complex  designs. 

The  press  —  delivered  and  in- 
stalled by  Verson  Allsteel  Press  Co. 

within  20  weeks  of  the  Goodyear 
order — has  been  working  around  the 
clock  on  the  missile  liner  program. 

Capable  of  handling  10  million 
lbs.  of  pressure  from  a  few  minutes 
to  25  hours  or  longer,  the  press  con- 

trols temperatures  to  within  a  few 
degrees.  Dimension  tolerances  can 
be  held  to  within  0.005  in.,  electroni- 

cally programed.  The  unit  has  a  6-ft. 
stroke,  8  ft.  of  daylight  and  a  platen 

96-in.  square.  A  35-ton  overhead 
crane  services  the  press. 

After  molded  liners  are  cooled 
and  cured,  they  are  routed  to  an 
X-ray  room  where  as  many  as  1 20 
shots  are  taken  with  a  150-KVA  unit, 
checking  for  bubbles,  blisters  or 
cracks. 

Then  the  firm's  quality  control 
staff  spends  hundreds  of  hours  check- 

ing dimensions  and  pressure  capa- 
bilities of  each  insulator,  its  thrust 

terminators  and  nozzle  parts. 
The  liners  are  shipped  either  to 

the  prime  contractors  or  to  the 
nearby  Goodyear  Aircraft  Corp.  for 
filament  winding.  All  are  destined  for 
glass  fiber-wrapped  cases.  They  are 
fabricated  of  synthetic  rubber.  Good- 

year considers  the  field  highly  com- 
petitive and  will  not  disclose  the 

nature  of  the  rubber  or  the  curing 
and  forming  cycles  involved. 

E.  M.  Eickman,  general  manager 
of  the  division,  says  the  press  and 
accompanying  production  line  puts 
Goodyear  in  the  front  rank  of  missile 
liner  suppliers.  The  firm  now  has  the 
ability  to  turn  out  interchangeable 
segments  of  insulation  material  with- 

out having  to  farm  out  any  phase. 

ccdures  to  optimize  head  contours  in 
relation  to  the  wrapping  angles. 

GAC  uses  a  metal-segmented,  barrel- 
type  base  mandrel  with  a  water-soluble 
matrix.  This  system  lessens  the  possi- 

bility of  case  damage  during  mandrel 
removal  and  results  in  reduced  mandrel 

gross  weight. Larger  mandrels  for  the  proposed 
flexible  tanks  could  be  inflatable  or 
trussed  aluminum  and  foam.  In  any 
case,  GAC  specialists  anticipate  less  of 
a  problem  with  huge  mandrels  than 
were  faced  with  present  sizes. 

•  Research  backup  —  There  is  a 
constant,  company-sponsored  program 
in  materials  research,  evaluation  and 
design.  The  performance  of  the  various 
glasses  used  are  known,  both  from  in- house  studies  and  information  from  the 
materials  supplier. 

One  small  facet  of  this  effort  in- 
volved a  study  into  the  characteristics 

of  small  test  vessels  fabricated  from  the 
new  X-994  (HTS)  glass  roving  devel- 

oped by  Owens-Corning  Fiberglas  Corp. 
under  Air  Force  funding.  Goodyear 
found  the  X-994  glass  superior  in  ulti- 

mate tensile  strength  to  ECG  HTS 
(EPS-4)  glass  roving,  and  feels  the  new 
glass  will  eventually  move  into  produc- 

tion programs.  Investigation  into  this 
and  other  glass  formulations  continues. 

Besides  glass  filaments,  the  firm  is 
also  studying  nylon,  orlon,  rayon,  Da- 
cron,  metals,  ceramic,  refrasil,  quartz 
and  refractories — alone  and  in  combina- 

tions. Experience  in  resin  systems  in- 
cludes polyesters,  epoxies,  phenolics, 

phenyl  silane  and  silicone. 
All  this  effort  is  combined  with  in- 

tensive winding  control  procedures. 
GAC  equipment  capabilities  include: 

—Filament  placement  and  index- 
ing control  based  on  421,575  computer- 

calculated  pattern  and  indexing  ratios 
with  accuracies  up  to  seven  decimal 

places. —  Maintaining  simultaneous  tension 
control  of  60  spools  within  an  ounce- 
fraction  per  spool  regardless  of  lineal 

speeds. —Shape  possibilities  covering  cyl- 
inders, ogive  and  tapered  cones,  or 

ellipsoidal  configurations. 
—Guaranteed  (absolute)  pattern 

repeatability  for  in-plane,  helical  and 
circumferential  winding  patterns,  with 
0  to  90°  wrap-angle  control  in  each. 

Experience  has  led  GAC  to  develop 
both  theoretical  and  experimental  anal- 

ysis for  filament-wound  structures — 
permitting  application  of  optimized 
winding  patterns  to  a  variety  of  shapes. 
Besides  the  previously  mentioned  head 
contours,  this  analysis  covers  orientation 
of  filaments  for  attachment  purposes 
and  secondary  reinforcement  require- 

ments for  nozzle  and  termination  port 
openings  integrated  within  a  given structure. 
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MOCKUP  OF  Air  Force's  X-20  (Dyna-Soar)  unveiled  at  Air  Force  Assn.  meeting. 

space  systems 

Technical  Details  of  X-20  Revealed 

Command  &  control  methods,  ground-controlled  approach  system  also  proposed 

by  Russell  Hawkes 
Las  Vegas,  Nev. — Further  techni- 
cal details  of  the  Dyna-Soar  space  ve- 

hicle were  disclosed  at  the  Air  Force 
Assn.  convention  here.  Also  unveiled 
were  probable  command  and  control 
(C&C)  methods  by  which  the  Air  Force 
plans  to  bring  the  X-20  and  other 
manned  space  vehicles  back  to  Earth. 

The  spacecraft,  displayed  without 
its  transition  sections  and  other  jettison- 
able  portions,  is  approximately  35  ft. 
long,  with  a  20-ft.  wingspan.  It  stands 
about  8  ft.  high.  The  configuration  will 
be  achieved  at  the  jettison  point  of 
4000  fps.,  when  the  last  of  the  drop- 
away  sections  will  fall  away  on  the  final 
landing  approach. 

missiles  and  rockets,  October  1,  1962 

The  main  transition  section  will 
carry  a  major  portion  of  the  fuel  for 
operation  of  control  jets  during  space 
flight. 

Design  features  in  the  mockup  in- 
cluded gaps  between  skin  panels  to  per- 

mit expansion  during  re-entry  heating; 
the  jettisonable  heat  shield  protecting 
the  front  windows  of  the  cockpit;  the 
unshielded  side  windows;  the  thick  high- 
lift,  high-drag  delta  wing,  and  the  blunt- 
edged  elevons  and  rudder/speed  brakes. 

The  fin-and-tube  heat  radiator  on 
the  square  aft  end  of  the  fuselage  was 
not  shown.  Heat  accumulated  in  the 
"water  wall"  frontal  parts  of  the  vehicle 
is  carried  to  the  empennage  to  be  radi- 

ated through  the  squared  tail  surfaces. 

The  rudder/speed  brake  design  is 
such  that  the  slab-shaped  fins  can  be 
turned  in  the  same  direction  for  direc- 

tional control,  or  in  opposite  directions 
to  act  as  speed  brakes.  Even  in  ap- 

plying speed  brakes,  however,  the  de- 
gree to  which  each  fin  is  deflected  is 

controllable  so  that  directional  control 
is  maintained. 

Few  control-jet  ports  were  visible  in 
the  mockup,  though  several  were  indi- cated in  the  aft  section  of  the  vehicle. 
Others  will  be  located  in  nose,  wing 
and  tail  surfaces.  Gradual  transition 
will  occur  from  reaction  to  aerodynamic 
control  as  the  vehicle  descends  through 
the  atmosphere. 

Program  officials  said  that  other  in- 
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flight  control  and  propulsion  after  boost 
by  the  Titan  III  is  provided  by  a  Thio- 
kol  solid  rocket  located  in  the  tail.  Usa- 

ble as  either  an  acceleration  device  or  an 
abort  rocket,  this  unit  develops  40,000 
lbs.  thrust  for  about  13  seconds — or 
enough  to  raise  the  10,000  to  15,000-lb. 
glider  about  10,000  feet  off  the  launch 
pad  during  an  abort  so  the  pilot  can 
assume  a  horizontal  direction  and  exe- 

cute an  Immelmann  maneuver  to  land 
on  the  Cape  Canaveral  skid  strip  at  less 
than  200  knots. 

In  addition  to  the  in-flight  accelera- 
tion and  on-the-pad  abort  functions,  the 

solid  rocket  is  expected  to  be  used  for 
corrective  propulsion  in  the  early  phase 
glides  after  air-drop  tests  from  a  B-52. 
This  phase  is  due  to  begin  in  late  1963 
or  early  1964. 

The  X-20  pilot  will  not  have  an 
escape  capsule,  but  instead  will  use  a 
seat-type  ejection  system.  Decision  in 
favor  of  the  seat  was  made  when  engi- 

neers decided  the  need  for  ejection  in 

supersonic  or  hypersonic  flight  is  "re- mote." The  seat  device  accordingly  is 
being  designed  for  use  at  subsonic 
speeds. 

Boeing  officials  and  system  test 
pilots  noted  that  substantial  growth  ca- 

pability is  being  built  into  the  X-20, 
with  a  view  toward  possible  perform- 

ance of  three  or  more  Earth  orbits 
and  perhaps  other  missions.  The  first 
manned  orbital  flight  in  the  X-20  is 
tentatively  scheduled  for  1965. 

Dyna-Soar's  main  landing  gear  will resemble  wire  brushes  mounted  on  skis. 
This  portion  of  the  landing  equipment 
is  being  built  at  Goodyear's  Akron  plant under  a  $45,000  subcontract  to  Boeing. 
Bendix  is  developing  a  retractable  nose 
gear,  resembling  a  shallow  dishpan, 
under  a  $75,000  subcontract. 

•  Improvements  over  X-15  —  Im- 
provements in  aerodynamic  design  re- 

portedly give  the  X-20  a  lift-to-drag 
ratio  considerably  better  than  the  X-15 
and  a  similar  advantage  in  heat-sink 
rate.  The  X-20  will  glide  to  earth  from 
orbit  in  a  relatively  leisurely  manner — - 
with  more  than  30  minutes  allowed  for 
heat  dissipation. 

Unlike  the  Mercury  astronauts,  its 
pilot  will  experience  no  higher  gravity 
loads  than  he  would  in  landing  a  com- 

mercial jetliner.  Aerodynamic  and 
space-flight  design  concepts  have  been 
studied  in  tests  in  30  wind  tunnels,  con- 

stituting virtually  every  major  test  fa- 
cility of  this  type  in  the  country. 

Noteworthy  design  developments  to 
solve  heating  problems  in  addition  to 
metals  developments  include  use  of 
triangular-shaped  girder  arrangements 
permitting  internal  stresses  to  deform 
temporarily,  but  virtually  eliminating 
thermal  stress. 

Proposed  test  sequence  for  Dyna- 

Soar  includes  (1)  air  drops  of  un- 
powered  gliders  from  B-52  bombers; 
(2)  later  glider  flights  equipped  with 
rocket  engines  to  propel  them  faster 
than  sound;  (3)  unmanned  and  manned 
orbital  flights  launched  from  Cape 
Canaveral. 

Although  specific  requirements  for 
military  space  command  and  control 
systems  must  await  the  definition  of 
military  space  missions,  the  problem  is 
analogous  to  the  command  and  control 
(C&C)  requirements  for  military  aircraft. 

•  Command  and  control — Speaking 
at  a  panel  on  aerospace  C&C  at  the 
AFA  meeting,  Maj.  Gen.  C.  H.  Terhune 
Jr.,  commander  of  Electronic  Systems 
Division,  AFSC,  said  space  operations 
will  intensify  AF  C&C  problems  but 
that  the  functions  to  be  performed  will 
remain  essentially  similar  to  those  in 
the  aeronautical  environment. 

Terhune  pointed  out  that  the  exist- 
ing ballistic  missile  early  warning  sys- 
tem and  space  detection  and  tracking 

system  represent  first  steps  toward  a 
space  C&C  system.  But  he  said  true 
space  C&C  systems  must  rely  on  later 
generations  of  electronic  developments. 

The  functions  to  be  performed  by 
the  space  C&C  system  include  collec- 

tion of  information  about  physical  con- 
ditions in  space,  such  as  the  best  paths 

through  radiation  belts,  solar  wind 
status,  micrometeorite  density,  atmos- 

pheric factors  affecting  attenuation  of 
visible  light,  first-orbit  detection  ability, 
identification,  tracking  and  cataloging 
of  all  objects  in  space. 

To  perform  these  functions,  sensors 
must  detect  objects  with  a  reflective  sur- 

face of  less  than  a  square  meter.  New 
radars  such  as  the  phased-array  type  are 
promising  but  may  have  to  be  supple- 

mented by  satellite-borne  radar.  Opera- 
tions centers  must  also  be  able  to  evalu- 

ate the  large  quantity  of  information 
they  will  receive. 

Equipment  devised  for  this  purpose, 
Terhune  said,  must  permit  existing  Stra- 

tegic Air  Command  and  North  American 
Air  Defense  Command  operations  cen- 

ters to  evolve  in  an  orderly  way.  The 
centers  must  be  integrated  with  the  na- 

tional military  command  system  and 
must  supply  appropriate  information  to 
other  government  agencies. 

The  satellite  test  center  at  Sunny- 
vale, Calif.,  and  existing  military  opera- 
tions centers  are  already  providing  a 

first  look  at  the  space  operation's  tech- 
nical problems.  Technical  control  serv- 
ices comparable  to  present  air  traffic 

control  services  will  be  needed,  in- 
cluding: control  of  launch,  enroute  op- 
erations, and  recovery;  high-resolution 

tracking:  and  a  timely  supply  of  status 
information. 

•  GCA  system  proposed — A  ground- 
controlled-approach  (GCA)  system  for 
returning  spacecraft  was  proposed  at 

the  convention  by  Robert  L.  Schroeder 
of  Raytheon  as  one  of  the  mechanical 
control  systems.  It  was  pointed  out  that 
methods  now  used  to  control  spacecraft 
are  crude,  unreliable  and  fearfully  im- 

precise compared  to  the  methods  used 
to  navigate  and  land  current  aircraft.  If 
comparable  operations  are  to  become 
routine,  then  comparable  standards  must 
be  achieved,  Schroeder  said. 

The  space  GCA  system  proposed  by 
Schroeder  is  far  more  elaborate  than  its 
aviation  equivalent  because  equipment 
must  operate  over  far  greater  distances, 
must  cope  with  far  greater  speeds  and 
must  deal  with  such  special  problems  as 
communications  blackout  caused  by  the 
plasma  sheath  during  re-entry. 

Like  GCA,  the  system  uses  vehicle 
maneuverability  to  make  larger  position 
error  acceptable  at  the  beginning  of  the 
recovery  operation.  Unlike  GCA,  it  may 
be  necessary  for  the  ground  station  to 
assume  direct  control  of  the  vehicle  in 
case  the  crew  is  disabled.  It  should  also 
be  capable  of  all-weather  operation  and 
simultaneous  handling  of  a  number  of 
the  vehicles. 

The  space  GCA  corridor  could  be 
about  8000  miles  long  with  the  entry 
gate  over  Australia  for  an  instrumented 
approach  to  the  Western  U.S.  from  a 
low  inclination  orbit.  The  approach  cor- 

ridor for  a  polar  orbit  might  be  about 
3500  miles  long.  Schroeder  estimates 
that  aerodynamic  control  can  be  phased 
in  from  3000  to  9000  statute  miles 
short  of  the  landing  site,  as  maneuver- 

ability is  lost  rapidly  in  atmospheric re-entry. 

A  space  GCA  system  must  have 
continuous  real-time  and  advisory  con- 

trol at  or  before  the  time  of  entry.  This 
will  require  an  extensive  ground  track- 

ing network  tied  to  the  control  center 
by  real-time  ground  data  links.  It  would 
also  relay  onboard  biomedical  data  and 
system  status  measurements  telemetered 
to  ground  tracking  stations. 

In  addition  to  conventional  GCA 
functions,  the  system  for  space  opera- 

tions must:  monitor  many  subsystems, 
predict  the  effect  of  malfunctions  and 
determine  error  buildup  and  its  effect 
on  flight  performance,  test  system  per- 

formance, alter  objectives  and  destina- 
tions when  required  by  weather  condi- 
tions or  military  requirements,  take  di- 

rect control  of  the  vehicle  during  critical 
phases  of  the  flight,  use  ground-derived 
data  to  assist  in  recovery  when  onboard 
navigation  and  computer  subsystems 
have  failed,  and  coordinate  with  Federal 
Aviation  Agency  and  NORAD  regard- 

ing arrival  times  and  identification. 
A  priority  coding  system  should  be 

used,  Schroeder  added,  to  guarantee 
higher  data  rates  for  more  critical  and 
faster-changing  quantities,  as  system  de- 

sign should  emphasize  reliability  of 
transmission  rather  than  quantity.  8 
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The  Industry  Week 

Coercion  Charged  by  N.  Y.  Firms 
Long  Island  government  and  industry  officials 

are  protesting  an  alleged  attempt  by  Temco 
Electronics  and  Missile  Co.  to  coerce  New  York 
firms  into  relocating  in  Texas.  The  controversy 
could  result  in  a  congressional  investigation. 

Several  Long  Island  companies  privately  ad- 
mit having  received  copies  of  a  letter  signed  by 

the  Temco  Electronics  purchasing  agent  asking 
whether  the  firms  plan  any  new  facilities  in 
Texas. 

The  letter  closes  with:  "Our  management 
feels  it  is  important  to  have  this  information  to 
guide  our  purchasing  policies."  This  last  state- 

ment gave  rise  to  the  controversy. 
Though  a  Temco  spokesman  termed  the  letter 

an  "innocent  undertaking"  in  connection  with  a 
Dallas  Chamber  of  Commerce  campaign,  Senator 
Kenneth  Keating  of  N.Y.  blasted  the  company 
for  an  "outrageous"  attempt  to  "pressure  N.Y. 
firms  into  Texas,  if  they  expect  to  do  business 
with  this  firm." 

Keating  plans  to  call  on  DOD  and  NASA  for 
"special  surveillance  over  any  of  [Temco's]  sub- 

contracts involving  government  funding." 

Lanphier  Becomes  Raytheon  VP 

Thomas  G.  Lanphier,  who  resigned  as  presi- 
dent of  Fairbanks  Morse  &  Co.  recently,  has  be- 
come vice  president  for  corporate  planning  at 

Raytheon.  He  will  be  responsible  for  all  of  the 
firm's  corporate-level  planning. 

Lanphier  is  a  former  VP  of  General  Dynamics/ 
Convair  and  strong  critic  of  the  Eisenhower  Ad- 

ministration's ballistic  missile  policies. 

Astropower  Research  Center  Opens 

Astropower,  Inc.,  subsidiary  of  Douglas  Air- 
craft Co.,  has  opened  its  new  $1.25  million, 

40,000  sq.-ft.  research  and  development  center  on 
50  acres  at  Newport  Beach,  Calif.  The  center  is 
devoted  to  projects  in  marine  propulsion,  energy 
conversion,  rocketry,  spacecraft  electronics,  in- 

formation processing,  intelligence  transfer  sys- 
tems and  materials  research. 

First  construction  phase,  now  complete,  in- 
cludes an  8000-sq.-ft.  administration  building 

and  a  32,000-sq.-ft.  engineering  and  laboratory 
structure.  Ultimate  plans  call  for  19  buildings 
with  more  than  500,000  sq.  ft.  of  floor  space,  in- 

cluding a  five-story  administration  building.  A 
35-acre  test  site  20  miles  away  complements  the 
center. 

Computer  Communication  Installations 

Thompson  Ramo  Wooldridge,  Inc.,  has  pro- 
duced, installed  and  checked  out  a  highly  ad- 
vanced man-machine  communication  system  for 

Air  Force  Headquarters  Command  Post  at  the 
Pentagon.  The  system  consists  of  two  computer 
communication  consoles  (CCC)  and  a  display 
interface  buffer  (DIB),  both  by  TRW.  It  allows 
direct  two-way  communication  between  person- 

nel and  computer  in  English  language  terms.  But- 
tons pressed  on  the  console  immediately  produce 

answers  on  a  TV-type  screen.  Operators  need  no 
special  training.  .  .  .  Martin  Co.  computer  centers 
1500  miles  apart  will  be  linked  in  December  by 
long-distance  phone  lines  and  ultra-modern  high- 

speed data  transmission  equipment.  The  centers, 
in  Baltimore  and  Denver,  support  a  variety  of 
missile/ space  projects.  Computer  rental  savings 
are  expected  to  be  at  least  $250,000  in  the  first 
four  months. 

SPSE  Offers  Tiros  Details 

Aerospace  industry  photographers  attending 
the  symposium  on  Electronic  Display  in  Wash- 

ington, Oct.  12-13,  will  learn  new  details  of  photo- 
graphic capabilities  of  Tiros  VI.  Marvin  Harper 

of  RCA's  Astro  Electronics  Div.  will  present  a 
paper  on  techniques  and  equipment  involved  in 
taking  and  analyzing  cloud  map  photos.  The  Na- 

tional Bureau  of  Standards  and  the  Society  of 
Photographic  Scientists  and  Engineers  sponsor 
the  seminar. 

International  News  Notes 

A  Japanese  military  team  is  evaluating  air 
defense  control  systems  proposed  by  General 
Electric,  Hughes  Aircraft  and  Litton  Industries 
for  the  U.S.  Air  Force,  Marine  Corps,  and  Navy, 
respectively.  But  the  Japanese  officials  fear  being 
"misled"  by  "political  influence"  here.  Until  now 
most  equipment  bought  by  the  Japanese  was  de- 

signed for  the  Air  Force.  For  the  first  time  the 
team  is  evaluating  gear  developed  for  other  U.S. 
services,  and  it  fears  undue  AF  influence  in  the 
recommendations  it  will  carry  back  to  Japan 
Oct.  28.  .  .  .  Israel's  official  investment  group  is 
urging  American  firms  to  extend  electronics  pro- 

duction and  marketing  operations  to  Israel.  The 
group  is  using  a  Stanford  Research  Institute  re- 

port to  persuade  companies  that  Israel  has  fa- 
vorable personnel  resources  and  tax  benefits  for 

American  firms,  as  well  as  a  fast-growing  local 
market  for  electronic  products.  .  .  .  The  Lubrizol 
Corp.,  Cleveland,  will  break  ground  this  month 
for  its  sixth  overseas  facility  in  the  past  decade. 
The  new  $3-million  plant,  to  be  built  in  England, 
will  serve  customers  throughout  the  Common- 

wealth and  in  Scandinavia.  .  .  .  Greer  Hydraulics, 
Inc.,  Los  Angeles,  has  named  Okura  Trading  Co., 
Ltd.,  Tokyo,  the  sole  Japanese  distributor  of 
Greer  hydraulic  accumulators  and  accessories. 
Okura  is  a  well  known  distributor  with  sales  and 
service  branches  throughout  Japan  and  in  nine 
other  countries. 
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Attitude  Control  System  Aids  Re-entry 

Pasadena,  Calif.  —  A  lightweight, 
self-contained,  closed-loop  attitude  con- 

trol system  designed  to  simplify  guid- 
ance and  control  for  spin-stabilized 

research  rockets  and  probes  has  been 
developed  by  the  Whittaker  Controls 
and  Guidance  Div.,  Telecomputing 
Corp. 

Whittaker  engineers  believe  the  sys- 
tem is  a  logical  growth  in  the  state  of 

the  art  based  on  company  experience  in 
Nike-Ajax,  Nike-Hercules,  Shillelagh, 
Bullpup,  and  the  Agena  attitude  control 
system. 

A  pre-alignment  capability  makes 
the  system  appear  well-suited  for  pro- 

grams where  re-entry  angle  is  a  critical 
factor.  The  angle  can  be  "tuned  in"  just 
before  launch  with  instructions  to  pro- 

gram the  payload  to  the  desired  re- 
entry angle  at  a  pre-calculated 

position  in  space.  A  "last-stage"  rocket 
would  then  be  fired,  accelerating  the 
payload  to  the  proper  re-entry  velocity. 

For  test  missions  involving  star 
tracking  or  horizon  scanning,  the  atti- 

tude control  system  can  be  pre-tuned 
to  program  a  flattened  top  portion  of 
payload  trajectory — providing  a  tempo- 

rarily stabilized  platform. 
The  system  weighs  less  than  25  lb. 

and  consists  of  two  basic  modules.  A 
primary  module  is  fitted  to  the  payload 
end  nearest  the  booster.  It  contains  the 
attitude  reference,  electronic  controller, 

battery,  gas  receiver,  squib  valve  and 
pressure  regulator.  The  secondary 
module,  fitted  to  the  payload  section's opposite  end,  contains  a  relief  valve, 
pressure  transducer,  gas  nozzle  and 
electrical  connectors. 

Both  modules  could  be  contained  in 

a  single  package  to  meet  space  restric- 
tions of  a  specific  vehicle.  In  the  two- 

module  version,  the  packages  are  con- 
nected by  a  short  length  of  tubing  and 

an  electronic  cable,  with  an  additional 
cable  tying  the  electrical  system  to  the 
umbilical. 

•  Attitude  reference  section  —  The 
attitude  reference  unit  is  a  three-axis 

gyro  system  accommodating  360°  of 
rotation  about  two  axes,  and  ±190° 
about  the  third.  System  employs  two 
free  gyros  on  a  roll-stabilized  gimbal. 
A  driving  servo  isolates  the  gyros  from 
vehicle  spin.  System  size  and  weight 
is  actually  less  than  a  pair  of  body- 
mounted  free  gyros  capable  of  com- 

parable performance  only  in  absence 
of  spin. 

The  roll  reference  gyro  is  mounted 
to  a  roll-stabilized  gimbal,  with  its  outer 
axis  parallel  and  its  inner  axis  perpen- 

dicular to  vehicle  roll. 
Any  rectangular  disturbance  to  the 

roll-stabilized  gimbal — such  as  friction 
coupling  across  the  main  roll  bearing 
that  supports  it — produces  a  signal  out- 

put from  an  ac  variable-reluctance  pick- 

off  mounted  on  the  roll  reference  gyro's 
outer  axis.  The  signal  is  amplified  and 
applied  to  the  control  phase  of  an 
inertia-damped,  two-phase  gear  head 
servo  motor  fixed  to  the  stabilized 
frame. 

The  servo  can  overcome  combined 
environmental  effects,  including  maxi- 

mum vehicle  spin  rate,  thrust  accelera- 
tions and  solid-rocket  vibration.  Vehicle 

roll  is  registered  and  read  out  as  rota- 
tion of  the  outer  housing  relative  to 

the  fixed  roll-stabilized  frame.  Vehicle 
rotation  about  this  axis  is  similarly 
indicated  on  the  gyro's  inner  axis. 

A  Y-gyro  is  mounted  alongside  the 
roll  reference  gyro  on  the  same  stab- 

ilized frame,  with  its  outer  axis  parallel 
to  Y.  Isolated  from  vehicle  spin,  it  can 
indicate  vehicle  rotations  about  Y  over 
a  full  360°.  The  axes  of  both  gyros 
and  the  roll-stabilized  frame  on  which 
they  mount  are  caged  mechanically 
relative  to  the  housing  through  an 
integral,  electrically  operated  cage/ 
uncage  mechanism  on  the  frame. 

The  unit  is  installed  in  the  attitude 
control  system  module  with  the  caged 
Y-axis  aligned  perpendicular  to  the  pre- 

determined plane  (not  necessarily  the 
trajectory  phase)  in  which  the  atti- 

tude is  to  be  made.  With  this  approach, 
attitude  rotation  is  taken  up  about  the 
Y-gyro's  outer  axis  which  can  accom- 

modate a  full  360°  rotation.  It  can  also 
accommodate  desired  attitude  changes 
with  no  impairment  of  reference  sys- 

tem accuracy.  Roll  reference  in  this 
situation  will  absorb  the  attitude  rota- 

tion about  its  spin  axis. 
•  Vehicle  rotation  —  Potentiometer 

pickoffs  on  the  Y-axis  of  the  Y-gyro  and 
X-axis  of  the  roll  reference  gyro 
generate  input  signals  to  the  total  atti- 

tude control  loop.  The  system  then 
rotates  the  vehicle  about  the  Y-axis  to 
an  attitude  where  the  Y-axis  potentiom- 

eter output  is  in  bridge-balance  with 
an  external,  manually  preset  "Y- 
rotation"  control. 

The  system  also  rotates  the  vehicle 
about  the  X-axis  to  a  null  position  on 
the  X-axis  potentiometer.  Potentiom- 

eter signals  are  fed  through  lead  net- 
works, then  amplified  and  connected 

to  four  segments  of  a  case-mounted 
commutator  on  the  reference  unit's  roll axis. 

The  wiper  contacting  the  segments, 
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mounted  to  the  roll-stabilized  gimbal, 
provides  X  and  Y-axis  signals  from  the 
two  gyros  to  the  body-mounted  single 
nozzle.  The  wiper  may  be  manually 
rotated  before  final  installation  to  prop- 

erly "phase"  the  commutator. For  each  shot,  the  reference  unit  is 
installed  about  the  roll  axis  so  the  Y- 
gyro  outer  axis  is  perpendicular  to  the 
plane  in  which  the  attitude  rotation 
will  be  made. 

•  Reaction  control  system — Whit- 
taker  selected  a  Freon  14  cold-gas 
system  over  other  types  of  reaction- 
control  methods  because  of  its  sim- 

plicity, reliability  and  relative  safety 
for  the  required  total  impulse  of  about 
150  lb.  sec.  The  single  nozzle  is  ori- 

ented with  a  thrust  axis  perpendicular 
to  the  spin  axis  and  about  60  in.  from 

the  CG  for  bi-directional  pitch  and  yaw 
control. 

For  use  in  a  typical  Nike-Javelin 
type  system,  nominal  pulse  rise  and 
decay  time  is  five  millisec.  Maximum 
pulse  length  is  60.0  millisec,  representing 
an  arc  subtended  by  a  roll  angle  of 
about  60°  at  the  minimum  spin  rate 
of  2.75  rps.  Minimum  pulse  length  of 
35  millisec.  represents  a  similar  angle 
at  the  maximum  tolerable  spin  rate 
of  4.75  rps. 

The  nozzle  produces  a  nominal  thrust 
level  of  7.5  lb.  to  provide  the  neces- 

sary impulse  per  pulse,  which  decreases 
directly  with  the  spin  rate.  This  pro- 

duces a  constant  mean  thrust  value  for 

the  steady  state  "ON"  control  condition. 
By  varying  thrust  level  pulse  dura- 

tion and  values,  the  system  will  oper- 

ate at  spin  rates  from  0.5  rps  to  20  rps. 
Lower  limitation  is  due  to  system 
response  requirements.  High  limits  are 
due  to  mechanical  limitation  of  the 
valve  response. 

Two  adjustments  are  required  before 
system  installation  in  a  vehicle.  These 
determine  the  direction  in  space  to 
which  the  attitude  system  orients  the 
vehicle.  Orientation,  relative  to  the 
rocket  body,  of  the  plane  in  which 
attitude  rotation  will  be  made,  is 
determined  by  attitude  reference  mount- 

ing. 

Provisions  are  made  to  rotate  the 
unit  to  a  pre-determined  orientation 
about  the  roll  axis.  Desired  angle  is 
read  on  a  dial  on  the  attitude  reference 
unit's  housing.  Desired  final  attitude 
within  this  plane  is  set  manually  on 
the  Y-rotation  control  potentiometer.  8 

Power  Converter 

A  half-wave,  variable-frequency 
power  converter  is  available  from  Pio- 

neer Magnetics,  Inc.  The  P.M.I,  con- 
verter operates  from  a  28-volt  dc  power 

source  and  produces  350  volts  square, 
half  wave  output  power  (other  voltages 
upon  request).  The  output  is  used  to 
power  a  telemetry  transmitter.  By  apply- 

ing half  wave  square  waves  to  transmit- 
ter, battery  life  of  the  space  vehicle  is 

nearly  doubled.  Even  greater  economy 

is  available  by  reducing  the  "on"  to "off"  time  ratio  of  the  converter  output. 
The  converter  frequency  can  be 

linearly  varied  over  a  very  wide  fre- 
quency range  by  means  of  a  very  low 

level  electrical  signal.  These  frequency 
ranges  are  as  high  as  10-  or  20-to-l. 
Speed  of  response  of  the  output  fre- 

quency to  a  change  in  input  signal  is 
less  than  Vi  cycle. 

Circle  No.  226  on  Subscriber  Service  Card 

Electronic  Switch 

Model  ES  1060F  Electronic  Switch 
Units,  using  solid  state  components  and 
printed  circuitry  to  provide  high-speed 
switching  of  electrical  circuits,  are  of- 

fered by  G.P.S.  Instrument  Co.  Time  to 
go  from  normally-closed  to  normally- 
open  positions  (pick-up  time)  is  less 
than  one  microsecond,  and  from  nor- 

mally-open to  normally-closed  (drop- 
out time)  is  less  than  two  microseconds. 

The  coil  input  is  a  transistorized  circuit 
triggered  by  a  positive  signal  of  any 
voltage  from  5  to  20  volts.  (Twelve 
volts  is  normal.) 

Circle  No.  227  on  Subscriber  Service  Card 

Ultrasonic  Flaw  Detector 

Curtis-Wright  Corp.  is  marketing  the 
Echoscope  Mk-7  Flaw  Detector,  which 
features  extremely  high  near-surface 
resolution.  The  unit  easily  detects  a 

New  Product  of  the  Week: 

Digital  Radiosonde  Converter 

A  data  conversion  system  de- 
signed for  use  with  weather  balloon 

tracking — using  the  latest  state-of- 
the-art  digital  data  techniques  to  pro- 

vide continuous  information  to  a 
battlefield  computer — is  available 
from  Datex  Corp.  Known  as  Datex 
DV-772  Radiosonde  Data  Converter, 
the  system  uses  a  radiosonde,  track- 

ing antenna,  data  converter,  field 
computer,  tape  punches  and  radio- 

sonde recorder. 

The  system  is  expected  to  reduce 
the  staleness  of  meteorological  data 
by  increasing  data  acquisition  and 
processing  rates.  The  system  will  per- 

mit evaluation  of  current  automation 
techniques  in  radiosonde  data  sys- 

tems. Atmospheric  parameters  con- 
sisting of  temperature,  humidity  and 

pressure  are  measured  and  recorded. 
The  system  also  provides  information 
permitting  prediction  of  radioactive 
fallout  patterns. 

Circle  No.  225  on  Subscriber  Service  Card 
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Space  Electronics 

l/32-in.  flaw  at  0.90-in.  below  the  sur- 
face. Choice  of  contact  or  immersion 

inspection  techniques  and  testing  fre- 
quencies of  0.6,  1.5,  2.5  and  10  mc 

provide  usefulness  over  an  exceptionally 
wide  range  of  applications.  Time  base 
speeds  vary  between  10  and  2500  micro- 

seconds for  testing  materials  from  1  -in. 
to  25-ft.  in  depth. 

Circle  No.  228  on  Subscriber  Service  Card 

Phase  Measurement  System 

A  phase  measurement  system — de- 
signed to  determine  with  extreme  ac- 
curacy phase  shift  and  deviation  from 

phase  linearity  of  microwave  compo- 
nents— has  been  developed  by  Rantec 

Corp. 
Designed  to  provide  rapid,  accurate 

phase  measurement  of  both  active  and 
passive  components  and  subsystems,  the 
equipment  is  adaptable  to  perform  a 
variety  of  measurement  tasks.  Resolu- 

tion and  repeatability  are  on  the  order 
of  0.1°,  with  accuracy  independent  of 
amplitude  and  attenuation  variation. 

With  three  types  of  readout — meter, 
swept  oscilloscope,  and  x-y  recorder 
plot — the  system  can  be  used  for  such 

measurements  as  phase  vs.  frequency 
and  phase  vs.  a  variable  parameter 
(such  as  a  control  voltage). 

Circle  No.  229  on  Subscriber  Service  Card 

Rectangular  Connector 
The  Deutsch  Co.,  Electronic  Com- 

ponents Division,  has  available  its  "500" line  of  miniature  rectangular  connectors. 

Both  the  500C  and  500D  series  are  pri- 
marily for  industrial  and  non-environ- mental military  use. 

Features  of  the  500  line  are  flush, 
straight-hood,  or  right-angle-hood 
mounting  plugs,  with  surface  or  flush- 
mounting  receptacles.  Coupling  method 
is  by  guide  pin  and  short,  stationary, 
and  center  jackscrews.  Crimp  termi- 

nated contacts  may  be  intermixed  in  the 
same  configuration,  available  in  sizes  16 
and  20,  and  are  adapted  to  automatic 
crimp  methods.  The  connectors  are 
available  in  14,  18,  20,  26,  34,  41,  42, 
50,  66,  75  and  104  contact  form  with 
guide  pin,  short  and  stationary  jack- 
screws.  Center  jackscrew  units  are  avail- 

able with  100  and  200  No.  20  contacts. 
Circle  No.  230  on  Subscriber  Service  Card 

Test  Point  Connector 

A  5-contact  miniature  test  point 
connector  is  available  from  Lionel  Elec- 

tronic Laboratories,  Inc.  The  unit  is 
being  marketed  in  two  types.  One  for 
dip  soldering  to  a  printed  circuit  board 
where  there  is  a  need  for  a  device  which 
can  be  permanently  incorporated  in  a 
printed  circuit  and  provide  an  easy 
method  of  getting  voltage  readings  at 
critical  points  in  the  circuit.  Socket  con- 

tacts are  made  for  use  with  an  0.030-in. 
probe  and  are  recessed  below  surface 

A  perfect  sumeitlnnee  system 
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of  molding.  To  help  withstand  vibration, 
contacts  are  designed  to  float  in  molding. 

The  second  type  is  designed  for 
easy  surface  mounting  and  maximum 
flexibility  when  relocation  is  necessary. 
They  can  be  ganged  in  rows  or  back 
to  back. 

Circle  No.  231  on  Subscriber  Service  Card 

Solid-State  Accelerometer 

Self -generating  accelerometer,  Model 
32,  developed  by  United  Electronics 
Corp.  contains  no  wires,  jumper  strips, 
or  solder.  Each  unit  temperature-cycles 
to  stabilize  sensitivity.  Other  features 
are  choice  of  stick-on  or  insulated  in- 

tegral stud  mounting  and  spanner- 
wrench  holes  provided  for  deep-hole 
installation.  High  30-millivolt-per-g  out- 

put coupled  with  high  internal  capa- 
citance of  1300  picofarads  permits  in- 

vestigation with  minimum  electronic 
equipment. 

Circle  No.  232  on  Subscriber  Service  Card 

Sawtooth  Generator 

A  sawtooth  generator  available  from 
Alfred  Electronics  provides  sawtooth 
signals  for  modulating  helices  of  travel- 

ing wave  tubes  for  generating  Doppler 
shift.  Positive-  and  negative-going  saw- 

tooth voltage  signals  are  simultaneously 
available,  allowing  simultaneous  opera- 

tion of  two  microwave  amplifiers.  Repe- 
tion  rate  is  adjustable  from  0.1  cps  to 
1  mc.  Flyback  is  less  than  1%  or  70 
nanoseconds  and  amplitude  is  continu- 

ously adjustable  from  0  to  60v  peak- 
to-peak. 

Circle  No.  233  on  Subscriber  Service  Card 

Sampling  Switch 

Teleplex  Corp.  offers  a  product  line 
of  high-level,  electronic  commutators 
and  multicoders.  The  type  300  units — 
modular  assemblies  with  overall  trans- 

fer accuracy  of  0.1% — incorporate  all- 
silicon  solid  state  devices.  Low  back  cur- 

rent of  ±1  microampere  permits  sam- 
pling of  sources  as  high  as  50K  ohms. 

Standard  output  formats,  per  IRIG  Tel- 
emetry Standards,  are  PAM,  PDM  and 

simultaneous  PAM/ PDM.  An  optional 
record  output  is  available  for  any  unit 

with  a  PDM  output  format  for  direct 
entry  into  a  tape  recording  head.  Input 
power  in  approximately  60  milliamperes 
from  a  28-volt  dc  source.  Volume  is 
about  28  cu.  in.  for  a  90-channel assembly. 

Circle  No.  234  on  Subscriber  Service  Card 

Pulser  Line 

A  line  of  extremely  reliable  pulsers 
is  available  from  System  Design,  Inc., 
a  division  of  Guide  Mfg.  Co.  The  pulse, 
Series  1013,  is  designed  to  operate  at  all 
power  levels.  Pulse  rate  at  either  on  or 
off-time,  to  and  from,  is  completely  re- 

liable between  1/12  of  a  second  to  100 
seconds.  Input  is  24-30  volts,  dc,  with 
SPCT  output.  Units  operate  within  a 

temperature  range  of  0°  to  70°C. Circle  No.  235  on  Subscriber  Service  Card 

Variable  Attenuator 

Weinschel  Engineering  is  adding  a 
direct  reading  continuously  variable  at- 

tenuator to  its  precision  line  of  coaxial 
components.  The  Model  905  is  con- 

tinuously variable  up  to  10  db  and 
covers  the  frequency  range  from  dc  to 
1  gc.  It  is  rated  for  a  power  input  of  1 
watt  cw  and  has  a  maximum  VSWR  of 
1.25  to  500  mc  and  1.50  to  1  gc.  The 
model  905  is  direct  reading  over  the 

The  AN/UPW-1  System,  comprised  of  ground  and  co- 
operative airborne  equipments,  developed  for  the  Army 

Signal  Corps  by  The  Ford  Instrument  Company,  meets  all 

requirements  for  battlefield  remote  control  of  aerial  sur- 
veillance drones  of  any  type.  System  Capabilities:  Launch, 

Track,  Command  and  Control,  Telemetry,  Plotting,  Re- 
covery. Automatic:  Range  Lock-on  and  Tracking,  Azimuth 

and  Elevation,  Built-in  permanent  Trace  Plotting  Board, 
Generation  of  flight  path  correction  signals,  Return  to  Base. 
Operational:  Single  Point  Radar  Tracking  System,  Integral 

ground-to-air  command  link,  Air-to-ground  telem- 
etry, Beacon  or  skin-track  modes,  Antenna  polari- 

zation selectable  by  operator,  Built-in  anti-jam 
provisions.  Mobility:  Fully  integrated  system  easily 
transportable  by  ground  or  air,  Completely  set  up 
and  operable  by  two  men  in  less  than  one  hour.  Field 

Tests;  Army  conducted  tests  have 
demonstrated:  1.  High  Accuracy.  2. 
Reliable  tracking  at  extremely  low 
angles  and  at  extended  ranges.  3. 
Ability  to  pass  Munson  Road  Test. 

FORD  INSTRUMENT  CO. 
DIVISION  OF  SPERRY  RAND  CORPORATION 

31-10  THOMSON  AVENUE,  LONG  ISLAND  CITY  1,  NEW  YORK 
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The  capabilities,  experience  and  product 
knowledge  devoted  to  this  and  other  impor- 

tant space  projects  are  leading  to  new 
techniques  and  new  hardware  to  meet  the 
constantly  changing  requirements  of  the 
Space  Electronics  and  Telemetry  field.  If 
yours  is  a  problem  of  communications,  DEI 
can  assist  with  engineering,  basic  components 

or  complete  systems.  For  descriptive  litera- 
ture on  this  and  other  outstanding  DEI 

products  and  systems,  write,  wire,  or  phone: 

Visit  us  at  booth  No.  106,  107  and  108 
National  Symposium  on  Space  Electronics  &  Telemetry 

October  2-4,  Miami  Beach,  Florida 

TELEMETRY  EQUIPMENTS  AND  SYSTEMS 

Defense  Electronics,  Inc. 

Serving 
Government 
and  Industry 

5455  RANDOLPH  RD..ROCKVILLE, MARYLAND 
TWX  KENS  793              WHitehall  6-2600 

entire  range  of  frequency  and  attenua- 
tion. The  dial  is  calibrated  directly  in 

db  insertion  loss  at  the  center  frequency 
of  500  mc.  Small  db  correction  factors 
for  DC,  300,  750  and  1000  mc  are 
indicated  on  a  correction  table  per- 

manently affixed  to  the  front  of  the  unit. 
Circle  No.  236  on  Subscriber  Service  Card 

Miniature  Capacitor 

A  miniature  tubular  capacitor  with 
weldable  leads  for  cordwood  packaging 
has  been  developed  by  Gulton  Indus- 

tries, Inc.  Capacitance  values  range 
from  10  to  1000  mmf  in  tolerances  of 

+5%,  +10%  and  +20%.  The  capaci- 
tors are  rated  at  50  vdc  over  a  tem- 

perature range  from  — 55°Cto  +150°C. The  Glenco  tubular  capacitor  exceeds 
requirements  of  military  specifications 
MIL-C-11015B.  Test  data  are  available 

upon  request. Circle  No.  237  on  Subscriber  Service  Card 

Gyro  Table  Servo 
An  all  solid-state  gyro  table  servo 

is  available  from  Solid  State  Instru- 
ments Corp.  for  gyro  testing  and  posi- 
tional test  table  applications.  The  servo 

includes  an  ac  amplifier,  demodulator, 
reference  voltage  amplifier,  and  phase 
shifter,  optional  tach  amplifier,  high 
power  dc  amplifier  and  power  supply. 
No  M-G  set  is  required.  Excitation  fre- 

quency range  is  from  800  to  5000 
cps.  Filters  and  a  selector  switch  for 
any  four  operating  frequencies  is  op- 

tional. The  servo  contains  a  compensa- 
tion selector  which  allows  stable  servo 

operation  over  a  range  of  gyro  time 
constants  from  0.5  to  200  msec. 

Circle  No.  238  on  Subscriber  Service  Card 

High-Purity  Raw  Materials 
Engineered  Materials  is  marketing 

four  basic  raw  materials  for  use  in  elec- 
tronic ceramics,  drugs,  ferrites,  and 

other  industries  requiring  the  highest 
possible  purity.  These  ultra-high  purity 
materials  are;  manganese  dioxide;  cal- 

cium carbonate,  barium  carbonate,  and 
aluminum  oxide. 

Circle  No.  239  on  Subscriber  Service  Card 

Solenoid  Rotary  Switch 

A  totally  enclosed,  12-position,  5- 
pole,  solenoid  operated  rotary  switch 
is  available  from  Janco  Corp.  Called 
the  Series  2055,  it  withstands  such 
severe  environmental  conditions  as  high 
altitude,  corrosion,  humidity,  sand,  dust 
and  fungus. 

The  switch  features  a  self-contained 
interrupter  mechanism  coupled  with 
homing  capabilities  for  automatically 
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stepping  to  a  predetermined,  manually 
selected  master  position.  Stepping  speed 
is  faster  than  24  steps  per  second.  An 
electrostatic  shield  for  signal  isolation 
is  optional. 

Power  handling  capacities  are  up  to 
5  amps  (115  vac)  and  3  amps  (28 
vdc)  resistive,  and  2  amps  (28  vdc) 
inductive.  They  are  rated  to  make, 
break,  and  carry. 

Circle  No.  240  on  Subscriber  Service  Card 

Telemetry  Oscillator 
Sonex,  Inc.,  has  announced  availa- 

bility of  an  all-solid-state,  high-environ- 
mental, millivolt-controlled/ oscillator, 

specifically  developed  for  telemetering 
millivolt  signals  in  aircraft  and  missile 
applications. 

The  unit  eliminates  need  for  a  costly 
high-gain  dc  amplifier  in  addition  to  a 
sub-carrier  oscillator.  Transducer  volt- 

age of  only  ±  10  mv  is  all  that  is 
needed  to  obtain  high  level  output  with 
100%  D.B.W.  deviation.  Floating-type 
input  allows  no  restrictions  on  dc  com- 

mon mode  voltages  between  differential 
inputs  and  ground. 

Linearity  of  ±  0.5%  from  best 
straight  line  and  input  impedance  of 
50K  are  maintained  for  0°C  to  +85°C. 
Center  frequency  is  also  stable  to  within 
±0.5%  D.B.W.  over  the  temperature 
range. 

Circle  No.  241  on  Subscriber  Service  Card 

Miniature  Switch  Package 
A  subminiature  switch  package 

built  around  the  world's  smallest  her- 
metically sealed,  snap-action  switch  is 

available  from  Metals  &  Control  Inc.,  a 
corporate  division  of  Texas  Instruments, 
Inc. 

Designated  the  Klixon  AT4-2,  this 
1.25-in.  long  SPDT  plunger-actuated 
switch  provides  V&  -in.  overtravel,  weighs 
10  grams  with  mounting  hardware  and 
has  a  current  rating  of  3  amp  resistive 
with  operating  life  of  15,000  cycles  at 
full  rated  load  and  overtravel.  It  is 
available  with  or  without  potted  leads 
and  "ice  breaker"  type  plunger. 

The  ̂ -in.  32-threaded  neck  of  the 
AT4-2  provides  simple  installation  and 
calibration  in  valves,  actuators,  launch- 

ing systems  and  arming  devices. 
Circle  No.  242  on  Subscriber  Service  Card 

Voltage  References 

Miniature  solid-state  voltage  refer- 
ences— designed  for  printed  circuit 

board  mounting  or  tube  socket  plug-in 
for  applications  in  dc  control  circuits, 
guidance  systems,  digital  voltmeters, 
potentiometric  circuits,  analog  to  digital 
converters,  and  special  instrumentation 

Only  SBB  patented  construction  offers  so 
many  advantages: 

•  UP  TO  62%  GREATER  LOAD 
CAPACITY 

•  UP  TO  400%  GREATER  LIFE 

•  LOWER  TORQUE 

•  LESS  DEFLECTION 

•  ONE-PIECE  RETAINER 

•  '  SPACE  SAVING 

SPECIAL  DESIGNS 

to  meet  unusual  requirements 

SPLIT  BALLBEARING 
DIVISION    OF    M.  P.  B.  INC. 

LEBANON  9,  NEW  HAMPSHIRE 
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— are  available  from  Dynage,  Inc. 
Series  230  units  provide  approximately 
10  ma.  at  output  voltages  of  6.2  or  1 1.7 
vdc.  Series  210  units  provide  1  ma  at 
outputs  of  6.2,  11.7  or  17.9  vdc.  Tem- 

perature coefficients  of  ±0.001  %/°C 
and  ±0.0005 %/°C  are  available.  Volt- 

age regulation  is  ±0.001%  for  ±10% 
change  on  inputs  of  30,  38  or  46  vdc 
depending  on  the  model.  Long  term 
stability  is  ±0.005%  or  better. 

Circle  No.  243  on  Subscriber  Service  Card 

Wire-Wound  Resistors 
Ohmite  Mfg.  Co.  has  expanded  its 

stock  of  molded  wire-wound  precision- 
power  resistors,  Type  883.  The  resis- 

tors now  stocked  range  from  1.00  to 
178.00  ohms  in  steps  based  on  the  MIL- 
Bell  system  of  standard  values  for  1  % 
tolerance.  Over  this  range,  Ohmite  says 
it  can  supply  505  values  in  steps  close 
enough  to  satisfy  virtually  every  pre- 

cision circuit  need. 
Wattages  of  the  resistors,  rated  at 

25°C  ambient,  include  three-,  five-  and 
10-watt  ratings  depending  upon  resist- 

ance. The  resistors  can  be  used  at  am- 
bients  considerably  above  25  °C  with 
derating  and  at  wattages  more  than  suf- 

ficient for  most  precision  applications. 
All  units  are  aged  for  long-term  sta- 

bility and  feature  a  low  temperature 
coefficient  of  resistance. 

Circle  No.  244  on  Subscriber  Service  Card 

Signal  Sampling  Network 

Designed  for  use  with  high-power 
transmitters,  a  broadband  signal  sam- 

pling network  that  measures  spurious 
and  harmonic  signals  with  ±  3  db  ac- 

curacy has  been  introduced  by  Electro- 
magnetic Technology  Corp.  With  an 

optional  zero-db  coupler,  Emtech's  di- rect-reading instrument  can  monitor 
such  signals  while  the  fundamental  fre- 

quency is  coupled  to  the  antennas. 
The  Model  SSN  also  measures  the 

full  tube  power  output  calorimetrically 
with  5%  accuracy.  Using  a  high-power 
water-cooled  attenuator,  the  high  power 
of  the  transmitter  is  attenuated  equally 
for  all  propagating  modes. 

Emtech's  mode  mixer  employs  a 
time-sharing  mode  alignment  technique 
to  assure  accurate  measurement  of  the 
total  power  carried  in  the  various  wave- 

guide modes.  Harmonic  frequencies  are 
coupled  on  separate  terminals  by  a 
band  separation  filter  (second  and  third 
harmonics  standard,  higher  orders  on 
request) . 

Normal  bandwidth  for  the  SSN  sys- 
tem is  15%  centered  to  customer's 

specification  anywhere  in  the  waveguide 
band.  Greater  bandwidth  available  on 
special  request. 

Circle  No.  24S  on  Subscriber  Service  Card 

Semiconductor  Test  Set 

A  semiconductor  test  set  known  as 

the  Model  "D",  that  measures  the 
thickness  of  slices  at  the  same  time  that 
it  measures  their  resistivity,  is  available 
from  Semimetals,  Inc. 

The  equipment  should  aid  in  classi- 
fying slices  of  semiconductor  material, 

because  it  gives  simultaneously  the  two 
readings  needed  to  calculate  absolute 
resistivity  of  the  material  being  tested. 
The  thickness  reading  is  obtained  by  a 
fifth  needle  in  precision  measuring  head, 
in  addition  to  the  four  probes  used  to 
measure  resistivity.  The  thickness  read- 

ing is  presented  visually  on  a  zero- 
centered  gage,  which  has  a  resolution 
of  1/20  of  a  mil  per  division. 

Circle  No.  246  on  Subscriber  Service  Card 

Voltage  Comparator 
The  Model  T283  Voltage  Com- 

parator— a  fast,  accurate  unit  that  op- 
erates an  internal  relay  when  signal 

input  voltage  exceeds  a  pre-set  limit — 

is  available  from  Avtron  Manufactur- 

ing, Inc. The  T283  can  be  used  for  "go,  no- 
no"  testing,  automatic  inspection  of 
checkout,  limit  detection,  voltage  cali- 

bration, process  monitoring,  decision- 
making and  enunciation,  etc. 

The  unit  compares  two  input  signals, 
one  of  which  may  be  a  reference  volt- 

age, and  operates  the  output  relay  when 
the  first  voltage  exceeds  the  second.  The 
repeatability  of  the  trip  point  and  the 
difference  between  pull-in  and  drop-out 
is  less  than  millivolts.  A  modified  model 
(T283A)  omits  the  relay;  output  is  a 
dc  voltage  that  changes  abruptly  from 
0  to  9  volts. 

Circle  No.  247  on  Subscriber  Service  Card 

Terminal  Crimping  Press 

Designed  for  more  efficient  produc- 
tion in  crimping  solderless  terminals 

and  connectors  on  wires,  a  new-air- 
operated  press  has  been  introduced  by 
ETC,  Inc.  Unlike  other  bench-mounted 

presses,  the  press  has  a  "slanted"  de- sign. Ram,  die-holders  and  crimping 
dies  are  slanted  30°  rearward,  giving 
the  operator  an  unobstructed  view  of 
the  crimping  operation. 

Known  as  the  Model  AP2-100,  the 
ETC  press  is  actuated  by  an  electric 
safety  foot-switch,  freeing  both  hands 
to  speed  production.  When  electric 
power  to  the  switch  is  cut  off,  the  press 
cannot  be  actuated.  Air  pressure  may 
be  safely  left  on. 

Circle  No.  248  on  Subscriber  Service  Card 

Digital  Data  Logging  System 

A  digital  data  logging  system  to 
measure  and  indicate  pressures,  tem- 

peratures and  flow  in  an  atomic  reactor 
has  been  developed  by  Cohu  Elec- 

tronics, Inc.,  Kin  Tel  Division.  The  sys- 
tem accepts  analog  signals  from  as  many 

SCIENTISTS 
AND  ENGINEERS 
for 

JPL's  Lunar  and  Planetary  Programs 

with  experience  in  any  of  the  follow- 
ing areas: 
•  Celestial  Mechanics 
•  Orbit  Determination 

•  Space  Navigation  Theory 
•  Trajectory  Studies 
•  Systems  Analysis 

Openings  are  now  available  in  both 
theoretical  and  project  positions. 

Send  complete  resume  to 
PERSONNEL  DEPT. 

JET  PROPULSION 
LABO  R ATO  RY 

Operated  by  California  Institute  of  Technology  for 
the  National  Aeronautics  &  Space  Administration 
4808  OAK  GROVE  DR.  •  PASADENA,  CALIF. 

"An  equal  opportunity  employer" 
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as  400  two-wire  circuits  and  automati- 
cally selects  one  of  three  pre-set  differ- 

ential dc  amplifiers  to  provide  signal 
conditioning  either  in  the  form  of  am- 

plification or  of  linearization. 
Included  as  components  in  the  Kin 

Tel  Data  Logger  are  the  864  solid-state 
digital  voltmeter  and  three  114C  differ- 

ential dc  amplifiers  plus  a  power  supply, 
signal  conditioning  switch,  patch  panel 
and  a  parallel-to-serial  converter.  Cross- 

bar scanner,  digital  clock  and  electric 
typewriter  complete  the  system. 

Circle  No.  249  on  Subscriber  Service  Card 

Rotary  Multipot 
The  Model  349  Rotary  Multipot 

developed  by  Daystrom,  Inc.,  provides 
a  reliable  low-cost  adjustable  multi-turn 
trimmer  potentiometer  in  a  rugged, 
compact  package.  Patented  pressure- 
type  terminal  connections  are  used  in 
a  low-cost  rotary  potentiometer,  con- 

tributing all  the  advantages  of  this  time 
tested  technique. 

Three-,  five-  or  ten-turn  trimmers 
are  offered  in  the  same  standard  case. 
This  feature  simplifies  the  problems  of 
the  circuit  designer,  accounts  for  poten- 

tiometer economy  and  speeds  delivery. 
Resistance  of  the  Model  349  Multipot 
runs  from  25  ohms  to  1  megohm. 
Power  rating  of  three  watts  in  still  air 
is  maintained  over  an  operating  tem- 

perature range  of  from  —55°  to 
+  105°C. 

Circle  No.  250  on  Subscriber  Service  Card 

Cable  Jacket 

A  technique  of  constructing  cable 
jackets  for  large  high-temperature  Teflon 
cables  is  now  available  in  a  braided 
Teflon  construction  from  Hitemp  Wires 
Co.  This  jacket  enables  the  user  to 
rate  entire  cable  at  the  same  operating 
temperature  (260°C)  as  primary  Teflon 
conductors.  It  is  also  highly  flexible  and 
abrasion  resistant. 

The  entire  jacket  can  be  color  coded 
readily,  either  with  various  solid  colors 
or  with  color  tracers.  Over-all  cable 
diameter  and  weight  can  be  reduced 
with  this  jacket — as  compared  to  con- 

ventional elastomeric  jacketing  materials 
used  on  large-diameter  cables.  With 
new  braided  design,  jackets  can  effi- 

ciently replace  the  more  standard  cable 
coverings. 

Circle  No.  251  on  Subscriber  Service  Card 

Digilab  Due 
A  model  of  the  Digilab  will  be  avail- 

able soon  from  Tech-Serv.  Inc.  The 
Digilab  is  designed  to  provide  a  single 
integrated  console  containing  all  com- 

ponents required  for  breadboarding 
digital  networks  or  laboratory  instruc- 

tion in  digital  elements  and  techniques. 

an  a_  v°»ght 
intended  to  i<«Q         "  arrr)°r-lika     Sht  A,ready  \Jo^ keep  man  unna^ee  expenmenta,  Restraint  svf 

accelerations  which  cou/d      f  '°  hard  landings  and  from .   •  ta'  with  current  wtpm?  Still,  this 

is  ust  one  of  Vought's  projects  ran    '.current  systems-  5X 
s       H'ujects  requiring  skilled  and  imaginative 

scientists  and  engineers  . .  .  like  you,  perhaps.  Current  programs 
include  SCOUT,  SATURN,  CRUSADER,  V/STOL.  If  you  are 
ready  to  meet  the  challenge,  look  into  openings  with  Vought,  an 
aerospace  leader  offering  opportunities  for  a  full  and  rewarding 
future  in:  DYNAMICS  Flutter  and  vibration,  acoustic  and  vibra- 

tional environments,  control  dynamics  and  fluid  mechanics. 
AERODYNAMICS  Aircraft,  missile  or  launch  vehicle  configuration 
design,  stability  and  control,  airloads  and  aerodynamic  heating. 
POWER  AND  ENVIRONMENT  Provide  solutions  to  problems  relating 
to  thermodynamics,  heat  transfer  and  fluid  flow  from  preliminary 
design  through  production  follow-up.  ELECTRONICS  Electrical  power 
generation  systems  applicable  to  missile  electrical  systems;  electro- 
optics;  inertial  reference  systems  for  guidance  and  control;  ground 
support  equipment;  major  RF  systems;  systems  analysis  of  complex 
digital  and  analog  equipment  and  analysis  and/or  design  of  guid- 

ance computers  for  airborne  applications.  Submit  your  resume  to 
Professional  Placement,  Dept.  MR- 10,  P.O.  Box 5907,  Dallas  22,  Tex. 

EL^P^ CHANCE  VOUGHT  CORP. 
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SYSTEMS  PROGRESS 

SATELLITE  PERFORMANCE 
ON  COMMAND 

One  result  of  CSC's  Space  Sciences  pro- 
gram is  the  Digital  Command  Decoder 

System.  Carried  aboard  a  satellite,  this 
system  decodes  digital  commands  from 
the  satellite  receiver  and  actuates  relays 
to  perform  any  selected  satellite  function. 
Commands  can  be  sent  to  as  many  as 
112  satellites. 

Less  than  6'/2  inches  in  diameter  and 
weighing  2.7  pounds,  the  system  incor- 

porates design  features  to  assure  accurate 
decoding,  minimize  the  possibility  of 
error,  and  safeguard  against  interference 
from  noise.  Circuitry  is  specially  designed 
to  be  non-conducting  in  standby.  When 
tone  bursts  are  not  being  processed,  only 
the  leakage  current  of  the  transistors  is 
drawn. 

Other  examples  of  CSC's  growing  role  in 
the  space  program  include  analytical 
instrumentation,  testing,  checkout  and 
support  systems.  In  electro-optical,  data- 
handling  and  industrial  control  areas, 
CSC  is  also  developing  new  concepts  in 
custom-engineered  systems.  For  an 
explanation  of  how  this  experience  can  be 
applied  to  your  field  of  interest,  call  your 
regional  engineering  representative  or 
write: 

CONSOLIDATED 

CORPORATION 

1500  So.  Shamrock  Ave.  •  Monrovia,  California 
42  Circle  No.  15  on  Subscriber  Service  Card 

The  unit  features  a  built-in  regulated, 
short-circuit-proof  power  supply. 
Mounted  on  the  console  are  40  DigiBits 
— transistorized  digital  logic  elements 
(the  same  computer-type  packages  used 
in  the  industrial  and  medical  electronics 
field).  The  logic  elements  supplied  are 
one-shorts,  flip-flops,  inverters,  clock, 
indicators,  diode  AND  gates,  R-C  AND 
gates,  OR  gates,  and  control  packages. 

Circle  No.  252  on  Subscriber  Service  Card 

Off-Axis  Paraboloids 

Farrand  Optical  Co.  has  developed 
off-axis  as  well  as  centered  paraboloids. 
Full  paraboloids  are  available  in  diam- 

eters up  to  30V2  in.  and  focal  length  to 
diameter  ratios  down  to  0.14. 

These  mirrors  offer  new  possibilities 
in  energy  relay  systems  because  the  foci 
are  located  outside  the  energy  path. 
They  are  for  laser  pumping,  light  radar, 
detector  optics,  communications,  etc.  A 
typical  off-axis  paraboloid  available 
from  stock  has  a  full  71°  acceptance 
angle,  a  beam  diameter  of  7.7  in.,  a 
circle  of  confusion  of  less  than  0.006  in. 
and  the  focus  is  W*  in.  from  the  parallel beam. 

Circle  No.  253  on  Subscriber  Service  Card 

SPDT  Switch 

Micro  State  Electronic  Corp.  is  pro- 
ducing a  high-power  solid-state  SPDT 

switch,  Model  SI  301,  with  an  operating 
bandwidth  of  at  least  70  mc  in  the 
L-band  region. 

Built  with  Micro  State  diodes,  the 
Model  SI  301  is  designed  to  operate  at 
1  kw  peak  power,  10  watts  average. 
Isolation  is  better  than  35  db,  and  in- 

sertion loss  less  than  1.3  db. 

The  switch's  low-voltage  drive  re- 
quirements simplify  its  incorporation 

into  systems.  Drive  requirements  are 
—  30  volts  for  transmission  and  1.3 
volts  at  50  Ma  for  isolation  under  high 
power.  D-C  bias  can  also  be  supplied 
so  that  a  unipolar  video  drive  would  be 
sufficient  to  trigger  the  switch.  Switch- 

ing time  is  less  than  50  nanoseconds. 
Circle  No.  254  on  Subscriber  Service  Card 

Constant  Voltage 
Transformer 

Sole  Electric  Co.,  a  division  of  Basic 
Products  Corp.,  has  developed  a  line  of 
400  cycle  constant  voltage  transformers. 
Available  in  the  60-1000  va  range,  the 
400  cycle  CVS  features  completely  au- 

tomatic, continuous  regulation,  fast  re- 
sponse time,  no  moving  parts  or  manual 

adjustment  and  compact  size  and  weight. 
Electrical  characteristics  of  the  400 

cycle  transformer  are:  118  v  regulated 

output  ±1%  nominal  tolerance,  ±load 
regulation  from  full  load  to  no  load, 
input  range  (95-1 30v)  115  v  nominal and  3%  total  rms  harmonic  distortion. 

Circle  No.  255  on  Subscriber  Service  Card 

Pulse  Modulator 

A  1.2  megawatt  hard  tube  pulse 
modulator  designed  to  operate  micro- 

wave power  tubes  is  available  from 
Radiation  Inc.  The  Model  344M  is 
designed  for  pulsing  klystrons,  magne- 

trons, traveling-wave  tubes  or  any  elec- 
tron device  requiring  the  high  voltage 

negative  pulses  demanded  by  today's 
high  power  microwave  systems.  Its  uni- 

versal design  also  permits  the  unit  to 
be  used  as  a  tube  test  modulator  and 
a  life  test  modulator.  It  operates  from 
an  input  of  208  volts  and  9-kva.  The 
dc  power  supply  portion  of  the  modu- 

lator can  be  used  separately  as  a  con- 
tinuously variable  source  of  power  up 

to  45  kv  and  150  ma. 
Circle  No.  256  on  Subscriber  Service  Card 

(TM)  Stimuli  Generator 

A  Servopulse  (TM)  stimuli  genera- 
tor has  been  developed  by  Servo  Corp. 

to  provide  all  the  signal  necessary  for 
testing  standard  logic  cards  and  many 
special  analog  circuits.  These  include 
two  independent  pulse  trains,  with  pulse 
repetition  rate  from  200  cycles  to  2  mc, 
a  10-volt  sine  wave,  with  frequency 
range  of  18  cycles  to  1  mc.  The  22  kc 
sine  wave  output  is  available  at  two 
jacks;  one  a  reference,  the  other  vari- 

able in  phase  a  full  360°  with  respect to  the  reference.  The  22  kc  output  can 
be  modulated  by  the  pulse  generator 
output  to  give  a  pulse  or  square  wave 
modulated  22  kc  sine  wave. 

Circle  No.  257  on  Subscriber  Service  Card 

HF  Transducer 

A  series  of  high  frequency  continu- 
ous phase-shifting  transducers  operating 

at  a  specific  user  frequency  in  the  range 
5  MC/S  to  50  MC/S  has  been  devel- 

oped by  Nilsen  Mfg.  Co.  The  unit  pro- duces continuous  time  delays  or  phase 
variations  from  0°  thru  360°. Circle  No.  258  on  Subscriber  Service  Card 
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contracts  and  procurements 

AWARDS 

AIR  FORCE 

514.000,000— Martin  Marietta  Corp.,  New  York City,  for  installation  and  checkout  of  Titan 
missile  complexes.  Work  to  be  done  at  Ells- worth Air  Force  Base,  Mountain  Home  Air 
Force  Base,  Larson  Air  Force  Base  and  Beale 
Air  Force  Base. 

$7,000,000— General  Electric  Co.,  New  York  City, 
for  work  on  space  vehicles.  Work  to  be  done 
at  Philadelphia. 

$6,000,000 — Martin  Marietta  Corp.,  New  York City,  for  research  and  development  on  vehicles 
for  a  space  program  (supplemental  contract). 
Work  to  be  done  at  Baltimore. 

$5,150.000 — International  Telephone  and  Telegraph Corp.,  New  York  City,  for  fabrication  and 
delivery  of  electronic  equipment  (supplemental 
contract).  Work  to  be  done  at  Paramus,  N.  J. 

$4,150,000— Radio  Corp.  of  America,  New  York 
City,  for  work  on  the  Ballistic  Missile  Early 
Warning  System.  Work  to  be  done  at  Moores- 
town,  N.  J. 

$3.000,000 — General  Dynamics  Corp.,  Astronautics 
Div.,  San  Diego,  Calif.,  for  Atlas  missile  pro- 

gram (supplemental  contract). 
$2,500,000— Boeing  Co.,  Seattle,  Wash.,  for  work 

on  Minuteman  weapons  system  at  Seattle  and 
Vandenberg  Air  Force  Base. 

$1,472,065— Marquardt  Corp.,  Van  Nuys,  Calif., 
for  work  on  a  classified  project  (supplemental 
contract). 

$1.108,000 — Martin  Marietta  Corp.,  for  continued 
work  on  communications  systems  for  Titan 
intercontinental  missiles  at  Denver,  Colo. 

$1.105,790— Vickers,  Inc.,  Detroit,  Mich.,  for spares  for  Hound  Dog  missiles. 
$1.100,000 — Emerson  Electric  Manufacturing  Co., 

St.  Louis,  Mo.,  for  classified  project  (supple- mental contract). 
$740,000 — Quantic  Industries,  Pelmec  Div.,  San 

Carlos,  Calif.,  for  production  of  standardized 
safe-arm  igniter  mechanism  for  Minuteman missiles. 

$225,000— Garrett-AiResearch,  Los  Angeles,  Calif., 
for  research  and  development  of  a  closed  loop 
cryogenic  cooling  system. 

$170,933— Asfropower,  Inc.,  Costa  Mesa,  Calif., for  a  study  of  compatibility  of  various  metals 
with  high-energy  rocket  propellants. 

ARMY 

$1.222,300— Hughes  Aircraft  Co.,  Fullerton,  Calif., for  missile  monitor  equipment. 
$100,000— Radiation,  Inc.,  Melbourne,  Fla.,  for  a 

portable  telemetry  system  to  measure  physio- logical data. 
Computer  Sciences,  Inc.,  Los  Angeles,  Calif.,  for 

research  and  development  in  preparation  of 
tactical  program  tapes  pertaining  to  Honest 
John  rocket  systems  (undisclosed  amount). 

NAVY 
$31,206,271 — Westinghouse  Electric  Corp.,  Pitts- 

burgh, Pa.,  for  design,  development  and  sup- ply of  reactor  motors  for  a  nuclear  powered 
ballistic  missile  submarine  fleet. 

510,544,000 — Goodyear  Aircraft  Corp.,  Akron. 
Ohio,  for  continuation  of  research  and  develop- 

ment on  the  Subroc  missile  system. 
$7,044,637— Raytheon  Co.,  Waltham,  Mass.,  for Sparrow  HI  missiles. 
$3,000,000— Lockheed   Missiles   and    Space  Co., 

Sunnyvale,  Calif.,  for  Polaris  test  vehicles  and motors. 
$73.129 — Chrysler  Corp.,  Detroit,  Mich.,  for  re- 

search and  development  concerned  with  launch- 
ing large  solid  rockets  from  ships  at  sea. 

NASA 

International  Telephone  and  Telegraph  Labora- 
tories, Fort  Wayne,  Ind.,  for  8  satellite  auto- matic tracking  receiver  systems  (undisclosed amount) . 

DOD 
International    Telephone    and    Telegraph  Corp., 

Washington,  D.  C,  for  engineering  and  tech- 
nical assistance  for  global  military  communica- 
tions satellite  systems   (undisclosed  amount). 

INDUSTRY 

$1,700,000 — F.  J.  Stokes  Corp.,  Santa  Monica, 
Calif.,  from  Douglas  Aircraft  Corp.,  for  con- 

struction  of  three  space-simulator  chambers. 
51,500,000 — Bee  km  an  Industries,  Inc.,  Richmond, 

Calif.,  from  Boeing  Co.,  for  three  analog  com- 
puter systems  to  be  used  in  the  design  of  the 

X-20  Dyna-Soar. 

REQUESTS  FOR  BIDS 

GENERAL  PROCUREMENTS 

Hawk  Project  Office 
U.  S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
Machining,  potting  and  testing  of  Hawk  EPU 

fuel  sticks.  Ordnance  part  No.  9175608—1624 
each  with  options  for  quantities  of  202  and  162 
each.  Deliveries  to  Red  River  Army  Depot.  Dupli- 

cation of  initial  investment,  special  tooling  and 
facilities  and  nonavailability  of  adequate  draw- 

ings and  specifications  preclude  award  to  other 
than  the  prime  contractor,  Raytheon  Co.,  Willow 
Street,  Waltham,  Mass.  All  inquiries  relative  to 
subcontracting  are  referred  to  Raytheon  Co.  at 
the  above  address. 

Hercules  Project  Office 
U.  S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
The  Army  Missile  Command  proposes  to  pro- cure from  Surprenant  Manufacturing  Co.,  Boston 

10,  Mass.,  the  75  conductor  cable  assembly.  This 
synopsis  is  to  publicize  subcontracting  oppor- tunities. All  inquiries  relative  to  subcontracting 
must  be  referred  to  Surprenant  Manufacturing  Co. 
at  the  above  address.  Do  not  contact  the  U.  S. 
Army  Missile  Command  with  respect  to  this 
procurement. 

U.  S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
Att:  AMCPM — SEPM 
Sergeant  shop  set,  ground  support,  semi-trailer 

mounted,  5  each — Sergeant  shop  set,  ground  sup- 
port, unmounted — 4  each.  Destinations  to  be  fur- nished. Available  specifications,  plans  or  drawings 

relating  to  this  procurement  do  not  fully  provide 
all  necessary  manufacturing  and  construction  de- tails. Request  for  proposal  has  been  issued  to 
Sperry  Rand  Corp.,  Sperry  Utah  Company  Div., 
322  No.  21st  St.  West,  Salt  Lake  City  16,  Utah. 
Small  business  firms  or  others  interested  in  sub- 

contracting opportunities  in  connection  with  this 
procurement  should  make  direct  contact  with  that 
firm. 

General  Support  Div. 
Directorate  of  Procurement  and  Production 
U.S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
Contract  field  technician  services  to  be  per- 

formed by  personnel  specifically  trained  and  quali- 
fied to  advise  and  assist  in  the  assembly,  installa- 
tion, adjustment,  operation  and  maintenance  of 

Redstone  missile  system  equipment  and  compo- 
nents. Request  for  proposal  has  been  issued  to 

Chrysler  Corp.,  341  Mass.  Arsenal,  Detroit  31, 
Mich.  Firms  interested  in  subcontracting  oppor- 

tunities should  contact  Chrysler  Corp.  at  the 
above  address. 

Purchasing  Office 
Range  Procurement  Div.  (MTDRC-4) Air  Force  Missile  Test  Center 
Patrick  Air  Force  Base,  Fla. 
Telemetry  prediction  receiver/recorder  group. 

19  each — radio  frequency  distribution  subsystem, 
12  each — radio  frequency  calibration  subsystem, 
2  each — remote  signal  recorder  subsystem,  1  each 
— telemetry  tape  copy  subsystem,  1  each — parts 
list,  spare  parts,  instruction  books  and  other  sup- port items.  Deliveries  to  Patrick  AFB,  Fla.  This 
procurement  will  be  accomplished  in  two  phases: 
(1)  Submission  and  evaluation  of  technical  pro- 

posals without  pricing  to  determine  acceptability 
of  supplies  and  services  offered.  (2)  After  evalua- 

tion of  technical  proposals,  invitations  for  bids 
will  be  issued  only  to  those  firms  having  techni- 

cally acceptable  proposals.  Letter  request  for 
technical  proposals  No.  63-1077.  Due  date  for 
technical  proposals  10-15-62.  Complete  data  not 
available.  Available  specs,  drawings  or  plans  re- 

lating to  the  procurement  described  above  do  not 
fully  provide  all  necessary  manufacturing  and construction  details. 

U.S.  Navy  Ordnance  Supply  Office Mechanicsburg,  Pa. 

Item  1,  warhead,  5"  rocket  empty,  MK  24 Mod.  O,  in  accordance  with  various  BuOrd  draw- 
ings FSN  1340-787-0431,  50,000  each.  Item  2, 

rocket  head,  5"  practice  assembly,  MK  24  Mod  O, in  accordance  with  various  BuOrd  drawings,  FSN 
1340-787-0430,  3500  each— Deliveries  to  NWS 
Yorktown,  Va.  and  NAD  Hawthorne,  Nev.  IFB 
195-122-63(K)B.  Bid  opening  10-15-62. 

Aeronautical  Systems  Div. 
Wright-Patterson  Air  Force  Base,  Ohio 
Negotiations  will  be  conducted  with  Thompson 

Ramo  Wooldridge,  Inc.  Tapco  Group,  23555 
Euclid  Ave.,  Cleveland,  Ohio,  for  procurement  of 
continuation  work  on  the  dynamic  Rankine  cycle 
space  experiment.  RFP-ASD-143348-RKNB— Note: For  information  only.  RFP  not  available. 

Bureau  of  Naval  Weapons 
Washington,  D.C. 
This  Bureau  contemplates  award  of  a  contract 

to  Aerojet-General  Corp.,  Azusa,  Calif.,  to  provide 
services  and  materials  necessary  to  perform 
normal  atmospheric  environmental  tests  on  Model 
T-38  tracker,  an  experimental  infrared  seeker. 
Award  will  be  made  on  the  basis  of  a  continua- 

tion of  an  R&D  program  already  undertaken  by 
this  firm  under  an  existing  contract.  This  notice  is 
for  information  purposes  only.  Other  proposals 
can  not  be  considered  for  this  procurement.  CN 
1126-62  BuWeps  Synopsis  No.  56-63. 

Bureau  of  Naval  Weapons 
Washington,  D.C. 
This  bureau  contemplates  award  of  a  contract 

to  General  Dynamics  Corp.,  Ordnance  Aerophysics 
Laboratory,  Dangerfield,  Tex.,  to  conduct  tests  on 
Talos  and  Typhon  engines,  perform  Talos  quality 
assurance  environmental  testing  and  conduct 
Polaris  missile  system  tests.  Award  will  be  made 
on  the  basis  of  a  program  already  undertaken  by 
this  firm  under  an  existing  contract.  This  notice  is 
given  for  information  purposes  only.  Other  pro- 

posals cannot  be  considered  for  this  procurement 
CN  1174-64  BuWeps  Synopsis  No.  57-63. 

U.S.  Army  Engineer  District,  Mobile 
P.O.  Box  1169 
Mobile,  Ala. 
Deflector  and  aspirator  for  Saturn  static  test 

tower,  Marshall  Space  Flight  Center,  Huntsville. 
Ala.— Item— IFB  ENG  (NASA)  01-076-63-4B— 
Specs  and  half  size  drawings  available  at  $3  per 
set  and  requests  should  be  submitted  to  reach  this 
office  before  10-14-62.  Approximate  value  of  pro- 

posed construction  is  $1,500,000.  Bid  opening 10-16-62. 
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names  in  the  news 

SODERQUIST WHEELER SHARROCK MUELLER BRIGGS 

James  W.  Dunham:  Appointed  director 
of  advanced  missile  systems  at  Norair  Div. 
of  Northrop  Corp.,  Beverly  Hills,  Calif. 

David  B.  Chase:  Elected  chairman  of 
the  executive  committee  of  the  Lionel 
Corp.,  New  York  City.  George  E.  Sokol- 
sky  named  vice  chairman  of  the  executive 
committee.  Earl  T.  Smith  named  member 
of  the  finance  committee  and  William  R. 
Simpson  appointed  president  of  Dale  Elec- tronics. Inc.,  a  Lionel  subsidiary. 

Ivar  C.  Peterson:  Formerly  with  Lear 
Inc.,  joined  the  Beryllium  Corp.,  Reading, 
Pa.,  as  special  assistant  to  the  executive 
vice  president. 

Fred  F.  Norman:  Named  vice  president 
and  financial  officer  of  Vactite,  Inc.,  San 
Carlos,  Calif. 

John  K.  O'Sullivan:  Appointed  quality 
control  manager  of  Montronics,  Inc.,  Boze- 
man,  Mont. 

Dr.  J.  M.  B.  Kellogg:  Named  a  research 
advisor  at  the  Los  Alamos  Scientific  La- 

boratory, New  Mexico.  Dr.  Richard  F. 
Taschek  named  head  of  the  Laboratory's physics  division  and  Dr.  Louis  Rosen 
named  alternate  physics  division  leader. 

Douglas  H.  Bean:  Named  manufactur- 
ing manager  for  the  systems  division  of 

LFE  Electronics,  Boston,  Mass. 

John  Stack:  Presently  with  Republic 
Aviation  Corp.,  Farmingdale,  N.  Y.,  an- 

nounced as  winner  of  the  Wright  Brothers 
Memorial  Trophy. 

Howard  M.  Margowsky:  Appointed 
president  of  Remanco,  Inc.,  Santa  Monica, 
Calif. 

Fred  T.  Sonne:  Appointed  chairman  of 
the  board  of  Chicago  Aerial  Industries, 
Barrington,  111. 

Carl  W.  Burrows,  Jr.:  Appointed  vice 
president.  Contracts  and  Service  Div.,  Sim- 
monds  Precision  Products,  Inc.,  Tarry- 
town,  N.Y. 

Dr.  Miguel  A.  Xavier:  Named  vice 
president  and  general  manager  of  Century 
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Electronics  &  Instruments,  Inc., 
Okla. 

Tulsa, 

C.  W.  Lindrose:  Appointed  manager  of 
Electro-Mechanical  Products  Section,  In- 

dustrial Battery  Div.,  Gould-National  Bat- 
teries, Inc.,  St.  Paul,  Minn. 

Seymour  B.  Sternbach:  Appointed  con- tract administrator  of  Tenney  Engineering, 
Inc.,  Union,  N.J. 

Dr.  Shailer  L.  Bass:  Elected  president 
and  chief  executive  officer  of  Dow 
Corning  Corp.,  Midland,  Mich.  John  L. 
Hanigan  elected  to  the  board  and  named 
executive  vice  president. 

George  W.  Soderquist:  Appointed  pro- 
gram manager  on  the  program  planning 

staff  at  Motorola,  Inc.'s  Military  Electron- ics Div. /Western  Center,  Phoenix,  Ariz. 

Patrick  N.  McDuffie:  Named  manager 
of  Ford  Motor  Co.'s  Aeronutronic  Div., 
Southeastern  Regional  Office,  Huntsville. 
Ala. 

William  Lawrence:  Elected  executive 
vice  president  of  Laboratory  for  Electron- 

ics, Inc.,  Boston,  Mass. 

D.  J.  Arnold:  Appointed  product  man- 
ager of  the  pump  and  controls  group  of 

Denison  Engineering  Div.,  American  Brake 
Shoe  Co.,  Columbus,  Ohio. 

Harold  A.  Wheeler:  Vice  president  and 
director  of  Hazeltine  Corp.,  Little  Neck, 
N.Y.,  appointed  by  the  Secretary  of  De- fense to  the  Defense  Science  Board. 

Walter  J.  Sharrock:  Named  head  of 
quality  control  for  the  Denison  Engineer- 

ing Div.,  American  Brake  Shoe  Co.,  Co- lumbus, Ohio. 

John  J.  Dineen:  Appointed  chief  of  ad- 
vanced design,  Stratos  Div.  of  Fairchild 

Stratos  Corp.,  Bay  Shore,  N.Y. 

David  H.  Dawson:  Vice  president,  di- 
rector and  member  of  the  executive  com- 
mittee of  E.  I.  du  Pont  de  Nemours  &  Co., 

Inc.,  elected  chairman  of  the  board  of  di- 
rectors of  the  Manufacturing  Chemists' Association. 

Raymond  R.  Chartraw:  Promoted  to 
manager  of  the  field  engineering  depart- 

ment of  Lord  Manufacturing  Co.,  Erie,  Pa. 

Thomas  H.  Pretorius:  Appointed  man- 
ager of  Northrop  Corp.'s  Space  Labora- tories office,  Hawthorne,  Calif. 

Robert  G.  Sevrance:  Elected  secretary 
and  treasurer  of  the  Bunting  Brass  and 
Bronze  Co.,  Toledo,  Ohio. 

Frank  A.  Schute:  Appointed  director  of 

sales  and  requirements  for  the  Martin  Co.'s 
Electronic  Systems  &  Products  Div.,  Balti- 

more, Md. 

John  L'Hommedieu:  Promoted  to  man- 
ager, purchasing  section,  at  Adler  Elec- tronics, Inc.,  New  Rochelle,  N.Y. 

Dr.  George  E.  Mueller:  Appointed  vice 
president  for  research  at  Thompson  Ramo 
Wooldridge,  Inc.'s  Space  Technology  Lab- 

oratories, Inc.,  Redondo  Beach,  Calif. 

Phillip  L.  Gundy:  Former  vice  presi- 
dent of  Ampex  Corp.,  joined  Technical 

Systems,  Inc.,  Los  Angeles,  Calif.,  as  exec- 
utive vice  president  and  director. 

C.  C.  Noah:  Appointed  acting  president 
of  Astropower,  Inc.,  Costa  Mesa,  Calif. 

Charles  A.  Heim:  Appointed  assistant 
to  the  president  at  Autonetics  Div.  of 
North  American  Aviation,  Inc.,  Downey. 
Calif. 

Rod  L.  Borum:  Named  manager  of 
Atlantic  Missile  Range  Operations  for  Gen- 

eral Electric  Co.'s  Defense  Systems  Dept. 

Frank  J.  Martin:  Appointed  sales  man- 
ager for  research  and  development  pro- 

grams at  AC  Spark  Plug  Div.  of  General 
Motors,  Milwaukee,  Wis. 

William  B.  Briggs:  Appointed  planning 
manager  for  the  Astronautics  Div.  of  Ling- 
Temco-Vought's  Chance  Vought  Corp.. Dallas,  Tex. 

Dr.  Lawrence  Gould:  Appointed  exec- 
utive vice  president  and  general  manager 

of  Microwave  Associates,  Inc.,  Burlington, 
Mass. 
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Ling-Temco-Vought,  Inc.,  Chance 
Vought  Corp.  41 
Agency — The  Jack  Wyatt  Co. 

Motorola  Inc.,  Military 
Electronics   2 
Agency — Charles  Bowes  Adv.,  Inc. 

Pratt  &  Whitney,  Sub.-United 
Aircraft  Corp.  8 
Agency — G.  F.  Sweet  &  Co.,  Inc. 

Split  Ballbearing  Div.  of  MPB, 
Inc.  39 
Agency — Robert  Elliott  Assoc. 

Sundstrand  Aviation-Denver, 
a  Div.-Sundstrand  Corp.    11 
Agency — Prescott-Hull,  Inc. 

Varian  Assoc.,  Tube  Div.    48 
Agency — Hoefer,  Dieterich  & Brown,  Inc. 

Vector  Mfg.  Co.,  Inc.   7 
Agency — S.  S.  Street,  Inc. 

Vitro  Laboratories,  a  Div.  of 
Vitro  Corp.  of  America   12 
Agency — S.  G.  Stackig,  Inc. 

 when  and  where  
National  Communications  Symposium,  In- 

stitute of  Radio  Engineers,  Hotel  Utica, 
Utica,  N.Y.  Oct.  1-3. 

Third  Symposium  on  Advanced  Propulsion 
Concepts,  sponsored  by  General  Electric 
and  AFOSR,  Sheraton  Gibson  Hotel, 
Cincinnati,  Ohio,  Oct.  2-4. 

National  Symposium  on  Space  Electronics 
and  Telemetry,  Institute  of  Radio  Engi- 

Employment 

SCIENTISTS 
And 

ELECTRONICS 

ENGINEERS 
For 

PROMINENT  CLIENT  FIRMS 
BOSTON  to  LOS  ANGELES 

Technical  Director,  Solid  State  $25,000 
Military  Marketing  Manager  25,000 
Engineering  Manager, 
Communications  22,000 

Manager,  Plasma  Physics  25,000 
Sr.  Engineer,  Aerospace  Radar  18,000 
Program  Mgr.,  Doppler  Systems  18,000 
Human  Factors  Scientist  20,000 
Director,  Data  Systems  25,000 
Military  Sales  Representative  16,000 
Solid  State  Chemist  18,000 
Sr.  Staff  Engineer, 
Communications  17,500 

Sr.  Engineer,  Command  Systems  16,000 
Research  Manager,  Communications  26,000 
Staff  Engineer,  Microwave  15,000 
Staff  Engineer,  Pattern  Analysis  15,000 
Space  Systems  Manager  25,000 
Sr.  Scientist,  Logic  Systems  16,000 

Many  Other  Positions  With 
Top  Clients  Which  We 

Serve  on  a  Retainer  Basis 
Contact:  J.  W.  POWERS 

HALBRECHT  ASSOCIATES 
Management  Counsel 
332  So.  Michigan  Ave. 

Chicago  4,  Illinois 

Classified 

Let  Us  Move 

Your  Mobile  Home 
Across  the  street  or  across  the  nation. 

National  Trailer  Convoy  makes  moving  your 
mobile    home   as   easy  as   calling  a  taxi. 
National  Trailer  has  more  than  150  terminals 
in  strategic  cities  across  the  nation  and  the 
industry's  only  central  dispatch  system.  Call Central  Dispatch  collect  at  TEmple  5-8441, 
Tulsa,  Okla.,  or  your  nearest  NTC  terminal, 
listed  in  the  Yellow  Pages  under  "Trailer 
Transporting"  or  "Mobile  Homes  —  Trans- 

porting." SAFE    •    SWIFT    •  SURE 

National  Trailer 

Convoy,  Inc. 
Tulsa,  Okla. 

neers,  Fontainebleau  Hotel,  Miami 
Beach,  Fla.,  Oct.  2-4. 

Tenth  Annual  Human  Engineering  Insti- 
tute, sponsored  by  Dunlop  &  Associ- 
ates, Stamford,  Conn..  Oct.  2-5. 

Eighteenth  Annual  National  Electronics 
Conference  and  Exhibition,  sponsored 
by  A  IE,  IRE,  Illinois  Institute  of  Tech- 

nology, Northwestern  University  and 
University  of  Illinois,  McCormick 
Place,  Chicago,  111.,  Oct.  8-10. 
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editorial . . . 

A  New  Look  at  Meetings 

A[R  FORCE  ASSN.,  the  Air  Force  and  the  industry 
k  are  to  be  commended  for  the  sincere  effort  to 

keep  this  year's  annual  AFA  meeting  more  business- 
like despite  the  unique  distractions  of  the  Las  Vegas 

fleshpots.  The  best  was  made  of  a  poor  choice  of 
locale. 

Technical  sessions  were  better  attended  and  the 
atmosphere  of  the  meeting  was  improved  over  AFA 
meetings  of  recent  years. 

In  line  with  industry  policy,  there  were  fewer 
elaborate  exhibits.  This  trend  can  be  expected  to 
continue,  as  it  should.  The  AFA  exhibition  always 
has  been  a  mere  sideshow  attraction  of  the  meeting, 
albeit  a  profitable  one  for  AFA. 

It  was  evident  that  both  the  Air  Force  and  the 
association  itself  were  making  a  serious  attempt  to 
avoid  the  excesses  that  led  to  widespread  criticism 
of  past  meetings. 

The  effort  was  not  completely  successful — nor 
could  complete  success  be  expected  in  just  one  year. 
But  the  elaborate  and  expensive  industry  parties  of 
last  year's  Philadelphia  meeting  largely  were  con- 

spicuous only  by  their  absence. 
"Booze  and  bashes  were  at  a  minimum  by  Las 

Vegas  standards,"  comments  one  observer. 
We  were  highly  critical  of  AFA  and  its  leaders 

following  the  Philadelphia  meeting  last  year.  We 
want  to  be  equally  quick  to  compliment  them  for  an 
effort  to  put  their  house  in  order.  Despite  comment 
to  the  contrary  by  some  self-centered  members  of 
AFA  management,  we  favor  a  strong  and  useful 
association.  It  was,  and  will  continue  to  be,  the  ex- 

cesses harmful  to  the  association  which  we  find  dis- 
tasteful. AFA  management  should  have  acted  to 

curb  these  before  the  need  arose  for  outside  criticism 
and  industry  pressure. 

Rowdy  meetings  and  the  implied  threat  of  service 
disfavor  in  the  selling  of  magazine  advertising  or 
exhibition  space  are  harmful  to  any  service  organiza- 

tion and  do  a  disservice  to  the  industry. 
We  welcome  the  advent  of  a  new  look  at  AFA. 

Next  year's  meeting,  and  association  activities  in  the interim,  will  be  the  test  of  whether  a  hard  lesson  has 
been  learned. 

Of  particular  interest  at  Las  Vegas  was  the  adop- 
tion at  the  technical  sessions  of  a  technique  unusual 

to  AFA.  Papers  to  be  delivered  at  the  seminars  were 
submitted  in  advance  so  those  attending  could  study 
them  before  the  session.  Abstracts  of  the  papers  then 
were  read  to  the  audience  by  the  moderator. 

With  the  benefit  of  advance  reading  of  the  papers, 
members  of  the  audience  were  able  to  submit  con- 

sidered questions  to  the  panel  of  authors  and  experts. 
"It  is  true  that  people  who  came  in  just  to  get 

out  of  the  heat  were  never  able  to  get  the  drift  of 
the  discussions  but  those  people  don't  matter,  any- 

way," comments  Missiles  and  Rockets  Associate 

Editor  Russell  Hawkes,  who  covered  the  meeting. 
"An  enormous  amount  of  ground  was  covered  by 
the  people  most  able  to  profit  by  it." It  is  a  technique  which  should  find  wider  use. 

THROUGHOUT  THE  industry,  we  are  pleased  to 
I  note,  thought  and  effort  is  being  put  into  improve- 

ment of  the  value  of  technical  meetings.  Much  of 
the  vast  amount  of  money  which  the  missile/space 
industry  is  induced  to  pour  into  exhibits  is  wasted. 
Aerospace  Industries  Assn.  is  making  a  definite  ef- 

fort to  cut  back  the  millions  of  dollars  poured  down 
this  drain.  Concentration  of  effort  and  money  where 
it  will  do  the  most  good  is  the  creditable  objective 
of  the  ALA  campaign. 

In  this  connection,  the  American  Rocket  Society's effort  to  increase  the  utility  of  exhibits  at  its  annual 
meeting,  scheduled  next  month  in  Los  Angeles,  is 
worthy  of  comment. 

ARS  is  organizing  what  it  terms  "technical  lecture- 
demonstrations"  in  the  booths.  The  society  is  en- 

couraging exhibitors  to  schedule  floor  lectures  which 
make  use  of  the  operating  models,  animated  panels 
or  other  devices  in  the  display  to  explain  complex 
concepts,  techniques  and  operational  details.  United 
Technology  Corp.,  for  example,  is  planning  a  pres- 

entation by  Dr.  Douglas  Ordahl,  manager  of  its 
propellant  development  branch,  on  hybrid  rocket 
motor  concepts.  Mr.  Paul  Glaser,  assistant  program 
director  in  the  OGO  program  office  of  Space  Tech- 

nology Laboratories,  will  discuss  advanced  satellite technology. 

ARS  will  publish  a  schedule  of  these  informal 
lectures.  This  approach  should  draw  the  maximum 
value  from  technical  exhibits. 

"As  far  as  we  are  concerned,  if  a  company  simply 
wants  to  put  up  its  banner  and  have  a  blackboard 
and  some  working  models  devoted  to  the  explanation 
of  important  new  concepts,  we're  satisfied,"  says  an 
ARS  national  official.  "Lavish  displays  only  make 
display  builders  rich.  ARS  gets  the  same  rental  per 
square  foot  regardless  of  what  the  contents  of  the 

display  are." We  think  the  idea  is  excellent.  If  it  gains  accept- 
ance, company  exhibits  composed  solely  of  a  black- 
board and  a  small  working  model  may  yet  ease  the 

strain  on  industry  finances. 
The  same  ARS  official  comments,  in  regard  to 

last  year's  show  in  New  York,  which  included  many 
excellent  exhibits:  "We  agree  that  there  were  some 
very  flamboyant  and  poor  exhibits." This  frank  acknowledgement  of  shortcomings 
and  the  ARS  effort  to  improve  the  utility  of  the  exhi- 

bition promises  a  worthwhile  display  in  Los  Angeles. 
We  hope  the  industry  will  encourage  and  sup- 

port the  efforts  of  both  AFA  and  ARS  toward  less 
lavish  meetings  of  real  value. 

William  J.  Coughlin 
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Opportunities  for: 

Aerospace 

Vehicles  Engineers 

The  Aerospace  Vehicles  Laboratory  of  the  Space  Systems  Division  has  openings  for  nearly 
one  hundred  engineers  who  have  experience  in  stress,  structures,  propulsion,  mechanisms, 
control  systems,  equipment  installation  or  heat  transfer  which  can  be  applied  to  advanced 
aerospace  weapons  systems  or  vehicles.  The  Aerospace  Laboratory  is  concerned,  as  a  result  of 
SURVEYOR  and  other  contracts,  with  lunar  and  space  exploration,  air  to  air  missiles  and  ICBM 
defense  systems.  The  openings  are  for  both  junior  and  senior  mechanical  engineers,  electronic 
engineers,  physicists  and  aeronautical  engineers.  Some  of  the  openings  are  described  below: 

Structures 

Senior  Dynamicist.  Must  be  cap- 
able of  performing  advanced 

analysis  in  structural  mechanics. 
Will  be  required  to  calculate  re- 

sponse of  complex  elastic  sys- 
tems to  various  dynamic  inputs 

including  random  excitation.  Must 
be  capable  of  original  work  in 
developing  advanced  analytical 
techniques. 
Loads  Analyst.  To  establish 
structural  design  criteria  for  ad- 

vanced missiles  and  spacecraft. 
Should  be  capable  of  determin- 

ing external  airload  and  inertial 
force  distributions. 
Reliability  Analyst.  To  perform 
statistical  analysis  of  structural 
loads  and  strength  properties  for 
the  purposeof  establishing  struct- 

ural reliability  criteria  on  a  prob- 
ability basis. 

Stress  Analyst.  To  perform  ad- 
vanced stress  analysis  of  com- 

plex and  redundant  missile  and 
spacecraft  structures.  Will  be 
required  to  solve  special  pro- 

blems in  elasticity,  plasticity, 
short  time  creep  and  structural 
stability. 
Design.  Experience  is  required 
in  preliminary  and  final  struct- 

ural engineering  and  design,  in- 
cluding preliminary  stress  anal- 

ysis. A  knowledge  of  the  effects 
of  extreme  temperature  environ- 

ment and  hard  vacuum,  plus  a 
background  in  materials  is  de- sired. 

Heat  Transfer 

Space  Vehicle  Heat  Transfer. 
Basic  knowledge  of  radiation 
conduction  and  convection  heat 
transfer  with  application  to  ther- 

mal control  of  space  vehicles  is 
required.  Knowledge  of  spec- 

trally-selective radiation  coating, 
super-insulations  and  thermal 
vacuum  testing  is  of  particular 
value. 

Aerothermodynamicist.  Experi- 
ence in  hypersonic  real  gas  dy- 

namics, heat  transfer,  ablation; 
re-entry  vehicle  design,  detec- 

tion; shock  layer,  wake  and  rocket 
exhaust  ionization;  and  anti-mis- 

sile system  requirements  will  be 
most  useful. 

Equipment  Installation 

Packaging  and  Installation  En- 
gineer. To  perform  optimum 

packaging  and  installation  design 
for  missile  and  or  spacecraft 
units,  considering  amount  and 
geometric  shape  of  space  avail- 

able as  well  as  weight  and  center 
of  gravity  distribution  require- 

ments. Must  be  capable  of  ana- 
lyzing structural  adequacy  of  unit 

under  extreme  environmental 
conditions. 

Controls 

Optical  Devices.  Design,  devel- 
opment, procurement  and  test 

operations  are  involved.  Consid- 
erable experience  in  the  field  of 

optical  devices  for  space  applica- 
tions such  as  star,  horizon,  sun 

and  moon  trackers. 

System  Test.  To  plan  and  super- 
vise the  operations  of  a  flight  con- 
trol system  laboratory.  Air  bear- 
ing tables  and  a  wide  variety  of 

optical  mechanical  and  electrical 
equipment  are  involved. 
Control  System  Analysis.  Re- 

quires engineers  at  various  levels 
of  experience  including  senior 
men  capable  of  taking  over-all 
project  responsibility  in  the  syn- 

thesis and  analysis  of  control 

systems. 
Circuit  Designand  Development. 
Experience  required  in  design 
and  development  of  transistor- 

ized control  system  circuits,  in- 
cluding electronic  switching  and 

modulation  techniques. 

If  you  are  a  graduate  E.E.,  M.E.,  A.E.  or 
physicist  with  experience  applicable  to 
the  above  openings,  please  airmail  your 
resume  to: Mr.  Robert  A.  Martin 

Head  of  Employment 
Hughes  Aerospace  Divisions 11940  W.  Jefferson  Blvd. 
Culver  City  81,  California 

WE  PROMISE  YOU  A  REPLY  WITHIN  ONE  WEEK 
An  equal  opportunity  employer HUGHES 



VA-240   12.4-18.0  Gc.   250  mW  mini 

Hi im 

TABLE  PUMP  TUBES  FOR  PARAMETRIC  AMPLIFIERS 

Highly  stable  reflex  klystrons  by  Varian  can  signifies 
mprove  your  parametric  amplifier  system  design, 
types,  from  8.2  to  26.5  Gc  are  available  for  immediate 
delivery.  From  low-cost  laboratory  models  to  rugged 
70  Gc  tubes,  all  have  Varian's  inherent  high  quality  of manufacture  and  performance. 
Varian  parametric  amplifier  pump  tubes  benefit 
f'om  exhaustive  research  and  testing  for  metals capable  of  contributing  to  precise  control  of  tempera- 

ture coefficients.  For  Varian  pump  tubes,  this  figure  is less  than  100  Kr  per  degree  Centigrade.  More  than  a 

20G  shock.  —55  to  +85*  C  — and 
lent  unattended  long  life  character 
optics  in  tube  design  provide  maximum  bandwidt 
Power  and  frequency  remain  stable  over  a  wide  varie 
of  environmental  conditions. 
Tubes  in  the  VA-240  series  (see  chart)  are  rugged,  field 
trimmable,  conduction-cooled.  Other  Varian  tubes 
suitable  for  parametric  amplifier  application  have 
similar  features.  Write  Tube  Division . 

J11RF  OPERATING 
$j  FREQUENCY 
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OUTPUT (mW) 

MEr.H. 
TUNING 
RANGE 
(Mc) 

ELECT. 
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RANGE (Mc) 

BEAM 
VOLTAGE 
(volts) 

VA-240    ;  2  4-18  0 250 50 40 
750 

VA,'i3    15.0  22.0 200  ; 
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40 750 

VA-241  18.0-26.5 
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40 
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VA-254 iooo 
4'.) 

850 
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10     20      30    40      50     60      70     80     90  100 
TIME  IN  MILLISECONDS 

The  Task:  Provide  a  low-cost,  reliable,  quick  run-up  reference  gyro  for  short  duration  missile  applications 
consistent  with  the  "round  of  ammunition"  concept. 

The  Solution: a  simply  designed  hot-gas-driven  two-degree-of-freedom  displacement  gyro  which  is 
fully  operational  within  100  milliseconds  after  firing. 

In  a  planned  return  to  simplicity,  the  Lear  1091  "Genie  Jr."  gas-driven  gyro  combines  the  accuracy  and 
reliability  of  conventional  gyros  within  the  simplicity  and  ruggedness  required  for  expendable  missile  refer- 

ence systems.  Now  being  tested  for  use  in  Tarter,  Typhon  and  TOW,  the  "Genie  Jr."  has  had  thorough 
environmental  testing,  including  shock  testing  in  excess  of  300 g.  The  1091  is  available  for  immediate 
customer  evaluation  on  new  missile  programs  or  missile  retrofit  programs.  With  only  4  moving  parts,  "Genie 
Jr."  incorporates  unique  construction,  the  direct  result  of  simple  rotor  run-up  and  gimbal  uncaging 
concepts,  another  of  Lear's  products  to  do  things  that  have  never  been  done  before,  so  well. 

LEAR  SIEGLER,  INC. 

Circle  No.  2  on  Subscriber  Service  Card 

INSTRUMENT  DIVISION 

110  IONIA  AVE.,  N.W.,  GRAND  RAPIDS.  MICH. 



purposeful  imagination.... in  time 

The  men  of  Aerospace  apply  the  full  resources  of  modern  science  and  technology  in  a  timely  manner  to  achieve 

the  continued  advances  in  ballistic  missile  and  space  systems  basic  to  national  security.  Their  mission 

includes  stimulating  the  flow  of  the  most  advanced  scientific  information  and  objectively  planning  the  technical 

management  programs  necessary  to  generate  superior  systems  in  the  shortest  possible  time.  □  Chartered  exclusively  to 

serve  the  United  States  Government  in  this  effort  and  acting  in  partnership  with  the  Air  Force-science-industry  team, 

the  men  of  Aerospace  contribute:  advanced  systems  analysis  and  planning;  theoretical  and  experimental 

research;  general  systems  engineering  and  corresponding  technical  direction  of  programs.  □  To  aid  in  reducing  the 

timetable  of  advanced  systems,  from  concept  through  completed  mission,  more  men  with  advanced  degrees  are 

needed  at  Aerospace  Corporation,  an  equal  opportunity  employer.  Dedicated  interdisciplinary  scientists  and  engineers 

who  can  contribute  effectively  are  invited  to  contact  Mr.  Charles  Lodwick,  Room  105,  Aerospace  Corporation, 

R  O.  Box  95081,  Los  Angeles  45,  California.  □  Organized  in  the  public  — ^    A  "I-*  T*  /"\  CI  Tt  A  T"1 
interest  and  dedicated  to  providing  objective  leadership  in  the  advancement 

and  application  of  science  and  technology  for  the  United  States  Government. 



LOCKHEED 

Aerospace  Traffic 
Control  Center 

Timetable:  1970's 

Will  command  centers  based  in  space  be 

an  outstanding  development  in  the  ten-year 
span  from  1967  to  1977? 
The  answer  at  Lockheed-California 

Company's  Spacecraft  Organization  is— 
Yes.  Proof:  the  Spacecraft  design  pictured 
here.  It  reflects  the  maturity  developed  in 
our  thinking  about  manned  space  systems. 
The  station— aerospace  traffic  control 

center  of  the  1970's—  will  be  assembled  in 
orbit  in  a  series  of  pieces  brought  together 

by  rendezvous  techniques.  Included:  Com- 
mand center;  living  quarters;  maintenance 

station;  radar  and  infrared  sensing  devices; 
nuclear  power  supply;  communication  links 
with  the  earth  and  other  space  vehicles. 
As  now  planned,  12  people  will  man  the 
vehicle.  Their  tour  of  duty  will  be  measured 
in  weeks. 

For  four  years  Lockheed-California 
Spacecraft  has  concentrated  on  the  needs 
of  man  in  space.  Activities  embrace  all 
fields  pertaining  to  development  of  such 

complex  spacecraft,  as  well  as  related  sup- 
porting technologies:  Space  physics  (radia- 

tion hazards);  astrodynamics  (rendezvous); 

biophysics  (human  engineering);  metal- 
lurgy and  manufacturing  processes 

(materials  and  structures). 
Scientists  and  Engineers  of  outstanding 
talent  and  training  are  needed  to  develop 
the  new  Spacecraft  concepts  of  Lockheed- 
California  in  the  following  fields:  Digital 
Communications;  Antennas  and  Propaga- 

tion; Advanced  Systems  Planning;  Bio- 
astronautics  and  Space  Medicine;  RF 
Equipment;  Astrophysics;  Astrodynamics; 
Communications  Analysis;  Aerophysics; 
Tracing,  Telemetry,  Command  Engineer- 

ing; Weapons  Effects;  Operations  Research; 
Theoretical  Physics.  Write:  Mr.  E.  W.  Des 
Lauriers,  Manager,  Professional  Placement 
Staff,  Dept.  1110,  2406  N.  Hollywood  Way, 
Burbank,  California.  An  equal  opportunity 
employer. 

LOCKHEED 
CALIFORNIA  COMPANY 

A  DIVISION  OF  LOCKHEED  AIRCRAFT  CORPORATION 

From  sea  to  stars— 
the  range  of 

LOCKHEED 

ADVANCED  DEVELOPMENT 

Air.  Space.  Sea.  Vast  frontiers  that 

challenge  Lockheed's  scientific  creativity, 
engineering  knowledge,  manufacturing 
skills!  None  offers  greater  scope  than 
Advanced  Aircraft. 
The  Hypersonic  Fighter  pictured  above 

is  only  one  example  of  many  advanced 
concepts.  Others  are: 

1)  The  Supersonic  Transport  design 

concept,  which  typifies  the  Company's creative  thinking  and  planning. 

2)  The  Rigid  RotorHelicopter.  Lockheed's helicopter  test  bed,  flying  for  several 
years,  already  has  ably  demonstrated 

outstanding  stability  and  maneuver- ability. 

3)  The  Hydrofoil— whose  stability,  con- 
trol and  noise  are  now  under  intensive 

study  by  the  Company. 

Scientists  and  Engineers  of  top-level 
talent  and  training  are  invited  to  explore 
these  immediate  openings:  Electronic 
Systems;  Structural  Dynamics;  Flight  Test 
Analysis;  Thermodynamics;  Electronics 
Research;  Instrument  and  Data  Systems; 

Systems  Reliability;  Propulsion;  Helicopter 
Preliminary  Design;  Guidance  and  Control. 
Send  resume  to:  Mr.  E.  W.  Des  Lauriers, 
Manager  Professional  Placement  Staff, 
Department  1110,  2406  North  Hollywood 
Way,  Burbank,  California.  An  equal 
opportunity  employer. 

LOCKHEED 
CALIFORNIA  COMPANY 

A  DIVISION  OF  LOCKHEED  AIRCRAFT  CORPORATION 

This  dolphin 

is  talking  . .  .and 

LOCKHEED 
is  listening ! 

Yes,  Lockheed  oceanographers  and  marine 
scientists  listen  to  "dolphin  talk."  Studying 
acoustical  characteristics  of  underwater 

creatures  is  part  of  their  daily  work.  Un- 
raveling the  mysteries  of  the  sea  is  typical 

of  the  many  research  projects  in  which 
they  are  engaged— projects  that  constantly 
create  new  openings,  fresh  opportunities. 
Other  fields  now  being  probed:  Internal 
waves;  low-level  marine  meteorology;  ma- 

rine geology.  Moreover,  for  its  own  use, 
Lockheed  has  adapted  and  commissioned 

the  deep-sea  research  vessel  Sea  Quest- one  of  the  few  such  ships  owned  by industry. 

The  Sea  Quest  already  has  revealed  many 

significant  facts  about  sub-surface  sound emission.  For  instance: 

It  has  been  discovered  that  the  "sonar" 
system  of  a  porpoise  can  sense  underwater 
obstacles  as  far  as  a  quarter  mile  away. 
Readings  so  obtained  are  added  to  the 
library  of  underwater  animal  sounds.  This 
already  includes  sea  lions,  seals,  porpoises, 
shrimp  and  many  varieties  of  fish. 

Other  Lockheed  scientists  and  engineers 

are  busy  on  other  projects.  For  example: 
One  group  is  absorbed  in  the  improvement 
of  airborne  ASW  avionics.  Geophysicists 
are  concerned  with  the  interaction  of  ocean, 
atmosphere  and  geography. 
Scientists  and  Engineers  who  couple 

intellectual  curiosity  with  creative  ability— 
who  like  to  brave  the  unknown  and  untried 
—will  do  well  to  investigate  these  oppor- 

tunities: Hydrodynamics;  Aerodynamics  for 
Marine  Vehicles.  Write  today  Mr.  E.  W.  Des 

Lauriers,  Manager,  Professional  Placement 
Staff,  Dept.  1710,  2404  N.  Hollywood  Way, 
Burbank,  California.  An  equal  opportunity 
employer. 

LOCKHEED 
CALIFORNIA  COMPANY 

A  DIVISION  OF  LOCKHEED  AIRCRAFT  CORPORATION 
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The  CHRYSLER  Corporation  SPACE  Division 

was  born  of  experience  extending  over  a  decade 

in  the  research,  design,  development,  fabrication, 

assembly,  test,  and  launch  support  of  large  liquid- 
propelled  missile  systems  and  space  boosters. 

Because  of  this  experience,  CHRYSLER 

SPACE  Division  was  established  to  engineer,  pro- 
duce, checkout,  and  static  test  the  first  stage  of 

NASA's  Saturn  C-1  rocket,  and  to  assemble  and 
launch  the  entire  C-1  space  vehicle.  To  these 

tasks  was  added  responsibility  for  product  im- 
provement and  advance  engineering. 

CHRYSLER  SPACE  Division  now  is  seeking 

engineers  and  scientists  with  the  talent,  enthusi- 
asm, and  technical  proficiency  to  fill  key  positions 

in  this  growing  new  Division. 

with  a  future  .  .  . 

Consider  these  added  values  of  a  career  with 

CHRYSLER  Corporation  SPACE  Division: 

.  Association  with  top  technical  minds. 

•  Excellent  career  advancement  potential. 

.  University  facilities  for  advanced  study. 

.  Pleasant  living  in  3  choice  Southern  locations. 

If  you  have  engineering  experience  in  re- 
search, preliminary  design,  test  or  development 

in  the  areas  of  AERONAUTICS.  ELECTRONICS. 

SYSTEMS,  LIQUID  PROPULSION.  RELIABILITY 

or  STRUCTURES,  or  applied  experience  in 

MANUFACTURING,  PLANT  ENGINEERING  or 

QUALITY  CONTROL,  send  your  resume  in  confi- 
dence to  Personnel  Department.  P.O.  Box  26018, 

New  Orleans  26.  La. 

CHRYSLER    CORPORATION    S
PACE  DIVISION 

CAPE   CANAVERAL,  FLA.         HUNTSVILLE,    ALA.         NEW    ORLEANS.  LA. 

An  Equal  Opportunity  Employer 



Two  major  task  areas  are  of 
Special  interest: 

ADVANCE 
ENGINEERING 

This  branch  analyzes  existing 
or  proposed  space  system  designs 
and  operational  characteristics  to 
establish  system  requirements  and 
feasibility  for  developing  design  con- 

cepts. It  includes  these  sections: 
Aeroballistics — concerned  with  dy- 

namics and  trajectory  analyses,  aer- 
odynamic heating,  staging  studies, 

aerodynamics,  and  flight  evaluation. 
Preliminary  Design — establishes 
configuration  feasibility  to  meet 
mission  changes  and  future  mis- 

sions as  dictated  by  program  re- 
quirements. 
Future  Systems  Analysis — studies 
advanced  systems  with  considera- 

tion of  tradeoffs  between  various 
parameters  as  well  as  projected 
availability  of  new  and  higher  per- 

formance hardware. 

PRODUCT 
IMPROVEMENT 

These  programs  provide  for 
assignment  involving  the  major  ele- 

ments of  the  structural,  mechanical, 
and  materials  disciplines,  including 
complete  or  partial  feasibility  stud- 

ies, design,  development,  analysis, 
and  testing.  Tasks  also  are  initiated 
in  the  areas  of  electrical  systems, 
instrumentation,  and  automatic 
checkout.  Component  product  im- 

provement tasks  will  be  performed 
to  correct  design  deficiencies  and 
marginal  conditions  detected  in  the 
evaluation  and  test  programs. 

CHRYSLER  corporation 

SPACE  division 

An  Equal  Opportunity  Employer 
Circle  No.  6  on  Subscriber  Service  Card 
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Preparing  Yesterday's  War 
To  the  Editor: 

Your  editorials  "The  Big  Knife"  (M/R, 
Aug.  20,  p.  46)  and  "Playing  with  Blocks" (M/R,  Aug.  27,  p.  58)  were  the  very  voice 
of  reason. 

Here,  even  the  anti-Americans  do  not 
like  the  Soviet  advance.  In  fact,  I  must 
say,  Communists  are  delighted  by  the  gap. 

Perhaps  DOD  position  has  an  explana- 
tion— for  a  long  time  French  commanders 

were  said  preparing  yesterday's  war.  Per- 
haps DOD  caught  the  same  disease.  Per- 
haps they  want  to  win  the  recession  war 

.  .  .  but  they  are  losing  your  and  our  inde- 
pendence war. 

J.  P.  Peltier 
Ecole  Nationale  D'Ingenieurs Arts  et  Metiers 
Lille,  France 

Anti-Merger 
To  the  Editor: 

As  president  of  the  National  Capital 
Section  of  the  American  Rocket  Society, 
I  recently  polled  my  membership  to  de- termine their  reaction  to  the  proposed 
merger  between  the  ARS  and  the  IAS. 
This  straw  vote  was  necessitated,  I  felt,  by 
the  inadequacy  of  information  reaching  the 
membership.  Using  this  poll  as  an  indica- 

tion of  the  entire  Society's  attitude  would be  fallacious,  but  it  is  interesting  to  note 
that  of  a  total  active  membership  of  ap- 

proximately 1400: 
(1)  Less  than  50%  voted,  and 
(2)  Of  those  voting,  the  membership 

was  about  55%  for  as  opposed  to  45% 
against. 

If  these  figures  can  be  projected  nation- 
wide, the  merger  will  not  come  into  being. 

Our  by-laws  hold  that  51%  of  the  member- 
ship must  vote  and,  of  those  voting,  66% 

must  approve  such  a  move. 
As  I  have  stated  publicly,  I  am  opposed 

to  the  merger;  primarily  because  of  the  po- 
tential dilution  of  the  aims  and  objectives 

of  this  society  by  the  inclusion  of  foreign 
disciplines.  As  Dr.  Harold  Ritchey  so  ade- 

quately said  last  year  in  an  editorial  in 
Astronautics,  this  society  is  not  just  pro- 

pulsion but  it  is  composed  of  all  of  the  dis- 
ciplines necessary  to  effect  air  and  space 

requirements.  It  appears,  then,  that  we  can 
better  satisfy  these  requirements  by  sup- 

porting the  American  Rocket  Society,  a 
society  singularly  dedicated  to  these  pur- 

poses. Hunter  C.  Harrison 
President 
National  Capital  Section ARS 
Washington 

Presidential  Intervention 

To  the  Editor: 

Your  Sept.  24  editorial  ("Move  Over, 
Mr.  Blough,"  p.  64)  should  be  commended 

by  every  one  even  remotely  connected  with 
the  space  industry.  Its  provocation  was 
harsh  and  your  indictment  was  just  and 
long  overdue.  When  dictators  with  purely 
political  motivations  unjustly  crack  whips, 
simply  because  they  wield  their  power, 
someone  must  cut  them  down  to  size  in 
the  interest  of  all.  It  took  indignant,  har- 

assed guts  to  do  it  and  I  have  only  admira- tion for  the  deed. 

If  President  Kennedy's  dictate  with 
U.S.  Steel's  price  rise  shocked  the  entire 
country  and  toppled  untold  billions  from 
stock  prices,  his  intervention  in  labor- 
management  disputes  is  surely  infinitely 
worse.  The  entire  industry  should  stand  be- 

hind Lockheed  and  M/R  for  their  opposi- tion leadership. 

If  Kennedy  had  the  slightest  considera- 
tion for  unorganized,  corporate  stock- 

holders, and  the  leaderless  mass  of  con- 
sumer public  in  any  such  disputes,  he 

would  look  to  their  interests,  and  not  to 
the  highly  organized  and  vocal  clamors 
of  the  trade  unions  for  an  ever  and  ever 
larger  slice  of  the  profit  pie.  If  he  is  Presi- 

dent of  all  our  people,  he  should  act  for 
the  good  of  the  defenseless  majority,  not 
for  a  militant  minority  for  political  pur- 

poses alone. I  am  not  an  employer  and  never  have 
been,  nor  am  I  a  stockholder  in  space  in- 

dustry, so  the  only  axe  I  grind  is  that  of 
one  John  Q.  Public  who  happens  to  be 
an  independent  inventor  of  long  standing. 
Through  the  years  (I  am  72)  I  have 
watched,  ever  and  ever  more  sickeningly, 
the  threatening  buildup  of  union  power, 
and  the  toadying  of  politicians  to  it  for 
their  own  and  their  party's  interests.  When 
the  tail  begins  to  wag  the  dog,  the  populace 
should  rise  in  ire  and  cut  it  off. 

B.  F.  Miessner 
Miami  Shores,  Fla. 

To  the  Editor: 
Regarding  your  editorial:  Great! 
If  every  missile/space  industry  firm 

would  write  as  determined  an  article  as 
yours — and  if  all  the  grass  roots  of  our 
country  as  well  would  rise  up  and  speak 
out  the  truth  as  Americans,  we  might  yet 
keep  our  Land  free. Thanks! 

E.  S.  Brandt 
President 
Brandt  Advertising  Company Chicago 

To  the  Editor: 
I  commend  you  for  your  courage  in 

printing  the  editorial,  "Move  Over,  Mr. 
Blough,"  in  your  Sept.  24  issue. 

Words  and  deeds  must  be  weapons  used 
by  American  industry  in  the  battle  against 
dictatorial  control.  If  industry  does  not  take 
a  firm  stand  and  heed  your  alarm,  the 
American  Free  Enterprise  System  will  not 
survive. 

H.  E.  G.  Luyties 
San  Jose,  Calif. 
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Can  you  tie  long-chain  molecules  together  to  produce  an  elastomer  suitable  for  use  as  a  solid  rocket 
propellant  binder?  Will  polymerization  take  place  at  a  rate  consistent  with  the  processing  requirements 
of  a  rocket  motor?  Will  the  elastomer  have  good  elongation  properties  and  resistance  to  creep  even  at 
extreme  temperatures  and  pressures?  Even  when  loaded  with  a  higher  filler  content  than  in  any  other 
known  application?  Can  you  evaluate  the  relative  effects  of  heat,  cold,  stress/strain,  rheology,  thermo- 

dynamics, aging,  and  adhesion  ?  Solutions  to  these  and  other  problems  associated  with  polymer  chemistry 
are  of  tremendous  importance  to  the  future  of  solid  rocketry,  and  have  become  focal  points  for  heavy 
research  emphasis  at  Aerojet-General.® 

We  invite  you  to  participate  in  our  challenging  advanced  research  activities. 
Aerojet-General  needs  scientists  with  advanced  degrees  and  unusually  high  levels  of  achievement  in 
polymer  chemistry,  physics,  physical  chemistry,  thermodynamics,  and  rheology.  Your  letter  will  receive 
prompt  confidential  attention.  Write  Dr.  P.  L.  Nichols,  Jr.,  Manager,  Aerojet-General  Solid  Rocket  Research, 
P.O.  Box  1947- J,  Sacramento,  California.  An  equal  opportunity  employer. 

AEROJET 
GENERALTIRE SOLID  ROCKET  PLANT  /  Sacramento,  California 



The  Countdown 

WASHINGTON 

AF  May  Buy  Gemini  Capsules 

Without  awaiting  approval  of  its  Manned  Orbiting 
Development  Station,  Air  Force  is  considering  purchase 
of  some  Gemini  capsules  through  NASA.  Reason:  to  gain 
preliminary  information  on  manned  space  flight  before 
either  MODS  or  Dyna-Soar  is  available.  AF  also  is  inter- 

ested in  Gemini  as  a  ferry  vehicle  for  MODS  (M/R, 
Oct.  1,  p.  16). 

Solids  Decision  Awaits  Meeting 

NASA  Administrator  James  Webb  and  Secretary  of 
Defense  Robert  McNamara  still  have  not  found  time 
for  a  meeting  to  discuss  the  future  of  the  big  solids  pro- 

gram. Despite  reports  to  the  contrary,  disagreement  is 
solely  over  size  of  the  program — not  who  will  run  it. 
There  is  no  need  therefore  to  involve  President  Kennedy 
in  the  decision. 

Nike-Zeus  Future  Still  in  Doubt 

Future  of  the  Nike-Zeus  antimissile  missile  still  is  in 
grave  doubt.  Advocates  who  hoped  Gen.  Maxwell  Taylor, 
new  chairman  of  the  Joint  Chiefs  of  Staff,  would  push 
for  the  system  have  been  disappointed.  Gen.  Taylor  feels 
a  hard  review  of  Nike-Zeus  is  necessary  before  he  can 
make  any  recommendation  to  Defense  Secretary  Mc- 

Namara. This  presumably  will  come  as  part  of  the  FY  '64 
budget  review. 

Terriers  Transferred  to  Fleet  Units 

More  than  $70  million  worth  of  Convair  Terrier  mis- 
siles have  been  transferred  from  the  Marine  Corps  to  the 

Navy.  The  surface-to-air  missile  has  been  replaced  in 
the  Marine  arsenal  by  the  Raytheon  Hawk. 

First  Sergeant  Field  Test  Due 

First  field  test-firing  of  the  Army's  Sergeant  missile is  scheduled  late  this  month  at  White  Sands  Missile  Range. 
The  solid-fueled  replacement  for  Corporal  will  be  put 
through  a  tactical  exercise  before  firing.  Sergeant  is 
scheduled  for  deployment  in  early  1963. 

NASA  Budget  Ready  for  Signature 

NASA's  Fiscal  '63  budget  for  $3.7  million  was  at  the 
White  House  last  week  for  signature  by  President  Ken- 

nedy. It  was  passed  by  both  houses  of  Congress  in  its 
compromise  version. 

Phased  Array  To  Be  First-Orbit  Tracker 

Bendix  phased-array  radar  under  construction  for  the 
Air  Force  at  Eglin  AFB  will  be  the  first  U.S.  radar 
capable  of  providing  complete  orbital  information  on 
satellites  on  their  first  pass.  The  radar,  which  is  15  stories 
high  and  as  long  as  a  football  field,  is  due  for  completion 
in  1964. 

Titan  III  Considered  for  Apollo  Program 

NASA  officials  are  interested  in  possible  use  of  the 
Martin  Titan  111  launch  vehicle  as  the  booster  for  Apollo 
orbital  test  flights — replacing  the  Saturn   C-l .  North 

American  Aviation  has  demonstrated  feasibility  of  fair- 
ing the  12-ft.-dia.  Apollo  capsule  and  service  module 

down  to  the  10-ft.  Titan  111  core  vehicle. 

Bullpup,  KD2B  Tested  at  Sea 

Navy  has  completed  shipboard  suitability  tests  of  the 
Bullpup  B  and  KD2B  drone  target  in  a  technical  evalua- 

tion operation  off  San  Diego,  Calif.  The  tests  included 
transfer  by  highline  from  an  ammunition  ship  to  the 
attack  carrier  Ticonderoga,  unpacking,  assembly,  stowage 
and  preparation  for  firing. 

Malmstrom  Team  in  Training 

A  Minuteman  missile  and  transport  handling  team, 
first  such  group  to  enter  training,  is  due  to  finish  its 
operational  readiness  course  at  Vandenberg  AFB  in  time 
to  participate  in  a  Minuteman  firing  scheduled  there 
this  month. 

Navy  Studies  New  Satellites 

Navy  space  systems  researchers  are  studying  possi- 
bility of  an  antisatellite  system  for  jamming  Soviet  satel- 
lites, according  to  Rear  Adm.  William  H.  Groverman, 

director  of  Navy  ASW  research  and  development.  Also 
under  study:  an  ocean  surveillance  satellite  which  would 
provide  a  valuable  ASW  assist  in  sorting  out  surface 
ships  from  submarines. 

INDUSTRY 

Apollo  Over-Runs  Concern  NASA 
Watch  for  drastic  action  by  NASA  to  cut  back  on 

mounting  Apollo  costs.  Space  agency  officials  are  much 
concerned  by  early  over-runs  (see  p.  16). 

Solar  Collector  Technology  Pushed 

Major  attention  at  the  American  Rocket  Society's Space  Power  Systems  Conference  in  Santa  Monica,  Calif., 
went  to  solar  energy  collector  technology.  Most  exotic 
approach:  an  in-space  fabrication  method  developed  by 
Goodyear  Aircraft  Corp.  under  subcontract  to  Sundstrand 
Aviation.  This  44-ft.-dia.  prototype  for  the  Air  Force's ASTEC  (Advanced  Solar  Turbo  Electric  Conversion) 
system  is  to  be  ready  for  orbital  tests  by  1965. 

INTERNATIONAL 

British  Factory  Is  Missile  Dump 

Following  Britains  cutback  on  missile  programs,  Brit- 
ish Aviation  Corp.'s  Luton  factory  is  being  used  as  a 

dump  for  unwanted  missile  parts.  Convoys  of  trucks 
loaded  with  nose  cones,  fins  and  ground  equipment  are 
arriving  with  equipment  valued  at  some  $75  million. 

Blue  Streak  Is  Demonstrated 

Britain's  Blue  Streak  booster  developed  275,000  lbs. 
thrust  during  a  recent  press  demonstration.  Thrust  even- 

tually is  to  be  increased  to  300,000  lbs.  Both  engines 
fired  for  40  sec,  with  four  three-in.  bolts  holding  the 
vehicle  down  in  its  vertical  test  stand  at  Spadeadam, 
Cumberland. 
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The  Missile / Space  Week 

eye, 

Looking  for  a  new  kind  of  eye?  Im- 
pressed by  the  long  distance  vision  of 

tiros  and  nimbus?  Those  were  Elgeet 
lens  systems  specifically  engineered  to 
prove  that  "pie-in-the-sky"  could  be- 

come actual  "eye-in-the-sky"  concepts. 
At  elgeet  we  have  the  optical  know- 
how  and  the  design  imagination  you 
may  be  seeking  for  your  own  project. 
We'll  send  our  Design  Section  to  meet 
with  you  in  your  office  and  take  that 
optical  problem  off  your  desk.  We  feed 
it  into  experienced  minds  and  high- 

speed computers  to  break-through  to 
your  possible  solutions.  Let  elgeet  be 
your  Private  Eye.  Take  your  choice  of 
a  deep  look,  a  quick  look,  a  dim  look,  a 
bright  look,  a  wide  look,  a  forward  look, 
a  top-side  look  or  an  underbelly  look. 
But  first:  write  to  elgeet  optical 
company,  S09  Child  Street,  Rochester 
11,  New  York  for  an  information  file. 

MMRBM  Contractors  Named 

Three  contractors  have  been  se- 
lected by  the  Defense  Department  to 

continue  program  definition  studies 
of  the  AF  Mobile  Medium  Range 
Ballistic  Missile  (MMRBM). 

Selection  of  the  three — Aeronu- 
tronic  Div.  of  Ford  Motor  Co.  (in 
association  with  the  Fairchild  Stratos 
Corp.)  for  the  re-entry  system;  Thio- 
kol  Rocket  Operations,  Tremonton, 
Utah,  for  the  propulsion  system;  and 
Goodyear  Aircraft  Corp.'s  Ariz.  Div. 
for  the  transporter-launcher  —  left 
only  two  of  the  six  MMRBM  develop- 

ment categories  to  be  decided. 
The  integration,  assembly  and 

checkout  competition  between 
Hughes  Aircraft  Co.  and  Northrop 
Corp.  is  still  under  consideration. 
Competition  between  Hughes  and 
Martin  Co.  in  association  with  Syl- 
vania  Electronics  Products  Inc.  will 
not  be  decided  until  the  MMRBM 
program  enters  the  development 
phase,  according  to  DOD. 

Thiokol  beat  out  North  Ameri- 
can's Rocketdyne  Div.,  while  Aero- 

nutronic  and  Goodyear  won  over 
Sperry  Rand  and  Avco  for  the  re- 

entry system  and  American  Machine 
&  Foundry  Co.  for  the  transporter- 
launcher.  General  Precision,  Inc.,  had 
previously  been  selected  to  develop 
the  guidance  for  the  missile  system. 

Martin  Takes  Nova  Award 

NASA  has  awarded  Martin  Mar- 
ietta Corp.  the  contract  for  a  Nova 

launch  facilities  study. 
The  work  will  be  done  in  two 

phases.  In  the  first,  ending  in  Decem- 
ber and  costing  $85,330,  the  firm  will 

develop  preliminary  data  on  launch 
facilities  for  the  most  promising 
Nova  configuration.  After  the  con- 

figuration has  been  determined  late 
this  year,  Martin  will  undertake  the 
second  phase,  calling  for  detailed 
comparison  of  each  promising  launch 
concept.  The  second  phase  is  to  cost 
$214,991  and  conclude  in  May,  1963. 
Work  will  be  done  at  Martin-Denver. 

Fifteen  firms  bid  on  the  contract. 

GD  Bolsters  Front  Office 

General  Dynamics  Corp.  presi- 
dent Roger  Lewis  moved  last  week 

to  strengthen  his  new  management 
team  with  three  top-level  additions. 

Named  as  vice  presidents  were 
Edward  H.  Heinemann,  former  Doug- 

las Aircraft  Co.  vice  president,  who 

will  have  corporation-wide  responsi- 
bility for  engineering,  and  Howard 

L.  Richardson,  a  former  vice  presi- 
dent of  Sylvania  Electric  Products, 

who  will  handle  GD's  corporate 
planning. 

H.  S.  M.  Burns  was  named  a 
director  of  the  corporation.  Also  a 
director  of  the  Ampex  Corp.,  he  was 
with  Shell  Oil  Co.  for  34  years 
before  retiring  as  president  in  1960. 

Shots  of  the  Week 

Astronaut  Walter  M.  Schirra  was 
successfully  launched  from  Cape 
Canaveral  at  8:15  a.m.  EDT  Oct.  3 
on  a  planned  six-orbit  flight.  The 
Atlas  booster  put  its  Mercury  space- 

craft into  orbit  with  an  apogee  of 
176  miles  and  a  perigee  of  100  miles. 
Period  was  approximately  89  min- utes. (See  story,  p.  12) 

•  Canada  became  the  third  na- 
tion to  orbit  a  satellite,  when  its  300- 

lb.  Alouette  satellite  was  launched 
Sept.  27  aboard  a  NASA  Thor-Agena 
B  from  Vandenberg  AFB,  Calif.  De- 

signed to  investigate  upper  levels  of 
the  ionosphere  and  aspects  of  space 
noise,  the  topside  sounder  satellite 
was  put  into  polar  orbit  with  an  apo- 

gee of  619.2  mi.,  a  perigee  of  597  mi. 
and  a  period  of  105.4  min.  The  launch 
marked  several  firsts  for  the  space 
agency:  its  first  launch  from  Van- 

denberg, its  first  use  of  Thor-Agena 
and  first  use  by  a  satellite  of  ex- 

tremely long  (150  ft.  and  75  ft.) 
antennas. 

•  Cosmos  9 — another  Soviet  un- 
manned spacecraft  to  study  the  space 

environment — was  successfully 
launched  Sept.  27,  Tass  Soviet  news 
agency  said.  The  satellite  has  an  apo- 

gee of  220  mi.,  a  perigee  of  187  mi. 
and  an  orbital  period  of  90  min.  The 
equipment  on  Cosmos  9  includes:  a 
radio  transmitter  operating  on  19.994 
mcs,  a  radio  system  to  measure  orbi- 

tal elements  and  a  telemetric  system 
to  transmit  data  back  to  Earth. 

•  Pershing  ■ —  the  Army's  solid- 
fuel  replacement  for  Redstone — 
scored  its  33rd  success  out  of  40 
flights  in  a  Sept.  26  launch  from  Cape 
Canaveral.  Though  the  test  was  mon- 

itored from  the  blockhouse,  tac- 
tical equipment  including  the  system 

programer  test  station  was  used 
throughout  the  test.  The  missile  was 
erected  30  min.  before  launch  and 
then  fired  350  miles  down  the  AMR. 

•  A  Nike-Zeus  anti-missile  was 
successfully  fired  from  an  above- 
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ground  launcher  at  White  Sands 
Missile  Range  Sept.  27.  All  test  ob- 

jectives were  met,  the  Army  said. 
•  Heat  transfer  rates  at  low 

angles  of  attack  and  at  relatively 
low  air  speeds  plus  stability  with 
ventral  fin  removed  were  test  objec- 

tives of  a  Sept.  28  X-15  flight  by 
NASA  pilot  John  B.  McKay.  The 
plane  reached  2693  mph  and  67,000 
ft.  Engine  burn  time  was  127  sec. — 
a  record  for  the  X-15  which  was 
achieved  by  reducing  thrust  to  40%. 

•  A  secret  Air  Force  satellite 
was  launched  from  Vandenberg  AFB, 
Calif.,  Sept.  29.  No  other  information 
was  released. 

•  The  Navy's  Q-2C  Firebee  jet 
drone  was  successfully  launched 
from  the  ground  for  the  first  time  at 
Pt.  Mugu,  Calif.,  Sept.  21.  The  drone, 
which  reached  45,000  ft.  during  its 
44-min.  flight,  was  recovered  later 
from  the  Pacific  Ocean. 

•  NASA's  S-3A  satellite  was  suc- 
cessfully launched  by  a  Thor-Delta 

rocket  Oct.  2  from  Cape  Canaveral 
(see  p.  14). 

•  The  Air  Force  announced  last 
week  that  a  Minuteman  ICBM  was 
launched  successfully  from  an  opera- 

tional silo  at  Vandenberg  AFB  for 
the  first  time  Sept.  28.  AF  Systems 
Command  and  contractor  personnel 
supervised  the  launch,  which  was 
made  by  a  SAC  crew.  A  malfunction 
in  flight  forced  the  range  safety  offi- 

cer to  destroy  the  ICBM  over  the 
Pacific  Range. 

Two  Echo  Shots  Scheduled 

NASA  will  launch  two  Project 
Echo  balloons  this  month  from  a 
site  near  the  White  Sands,  N.  M., 
missile  range. 

The  suborbital  flights  with  a 
100-ft.  diameter  Echo  passive  com- 

munications satellite  and  a  135-ft. 
advanced  satellite  are  designed  to 
measure  the  smoothness  of  the  larger 
balloon  at  various  internal  pressures. 

First  launch  with  the  smaller  sat- 
ellite will  take  place  about  Oct.  16; 

the  launch  with  the  larger  balloon 
will  follow  a  few  days  later. 

The  space  agency  announcement 
said  that  the  data  are  needed  before 
an  attempt  can  be  made  to  put  the 
Echo  into  orbit  next  year  from  the 
Pacific  Missile  Range. 

The  Echo  I  balloon  is  being 
launched  as  a  "standard"  since  its 
reflective  characteristics  in  orbit  are 
well  known. 

During  a  previous  test  conducted 
July  18,  the  balloon  appeared  to  in- 

flate, but  radar  data  indicated  it  was 
not  smooth. 

Opportunities  in  Basic  Research  or  Development  in  the  fields  of 

ra  ™ 

■  Requirements  of  new  and  continuing  projects  concerned  with  space  vehicle 
communications,  navigation,  and  radar  have  created  new  openings  for  electromagnetic 
theory  specialists  as  well  as  antenna  engineers.  The  scientists  and  engineers  of  the 
Research  and  Development  Division  of  the  Hughes  Aircraft  Company  Aerospace  Group 
in  Culver  City  are  providing  broad  scientific  and  technical  leadership  to  government  and 
company  funded  programs  on  advanced  airborne  and  space  electronic  systems,  air  to 
air  missiles,  ballistic  missiles,  and  satellite  and  interplanetary  communication  systems. 
As  part  of  this  team,  the  Antenna  Department  is  responsible  for  a  diversified  program 
of  antenna  research  and  development  in  the  following  specific  areas: 

Advanced  techniques  for  space 
communication  and  navigation. 
Information  theory  and  data 
processing  applied  to  antenna 
systems. 
Statistical  analysis  of  scattering 
propagation. 

e Pattern  synthesis  from  sources  on □  arbitrarily  curved  surfaces. 

§ Aperture  control  by  application  of □  solid  state  devices. 

S Multi-function  aperture  and  feed 
□  capabilities. 

Immediate  assignments  exist  for  scientists  and  engineers  of  superior  ability  who  meet 
the  qualifications  in  one  of  the  following  categories: 

RESEARCH  ■  Advanced  degrees  and  experience  in  electromagnetic  theory  ■  Interest  in 
fundamental  research  in  antennas,  wave  propagation,  scattering  theory,  plasma  effects 
on  electromagnetic  radiation,  and  solid  state  antennas. 

DEVELOPMENT  ■  Graduates  in  E.  E.  or  Physics  or  extensive  experience  in  lieu  of  degree. 
■  Minimum  of  three  years  of  professional  experience  in  monopulse  and  conical  lobing 
antennas  in  reflector  and  array  configurations,  electronically  scanned  arrays,  inflatable 
and  erectable  antennas,  shaped  beam  arrays  from  curved  surfaces  and  signal  process- 

ing antenna  systems. 

If  you  meet  the  above  qualifications  and  are  interested  in  joining  other  superior  scientists  and 
engineers  at  Hughes,  please  airmail  your  resume  to: 

MR.  ROBERT  A.  MARTIN, 
Head  of  Employment 
Hughes  Aerospace  Divisions 
11940  West  Jefferson  Blvd. 
Culver  City  80,  California 

WE  PROMISE  YOU  A  REPLY  WITHIN  ONE  WEEK 
An  equal  opportunity  employer. 

Creating  a  new  world  with  electronics 

HUGHES 

HUGHES  AIRCRAFT  COMPANY 
AEROSPACE  DIVISIONS 
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PERFECT  liftoff  of  MA-8  on  Oct.  3.  SCH1RRA  jokes  with  NASA  technicians  prior  to  launch. 

Due  early  next  year  .  .  . 

One-Day  Flight  Plans  Pushed 

NASA  hails  complete  success  of  MA-8; 

huge  fuel  saving  results  from  drifting 
by  Hal  Taylor 

Cape  Canaveral — Success  of  As- 
tronaut Walter  M.  Schirra's  six-orbit 

MA-8  mission  means  NASA  officials 
will  begin  at  once  to  check  out  a  space- 

craft for  a  one-day  mission  early  next 
year. 

"Mercury  Capsule  No.  20  will  arrive 
at  Cape  Canaveral  in  one  week.  Check- 

out will  begin  almost  immediately." 
William  Bland,  deputy  project  officer 
at  the  Manned  Spacecraft  Center,  told 
Missiles  and  Rockets  last  week. 

Step-up  in  the  Mercury  program 
was  disclosed  shortly  after  Schirra  com- 

pleted the  long  flight  in  his  Sigma  7 
capsule. 

Launched  at  8:15  a.m.  EDT  Oct.  3, 
the  Navy  commander  was  successfully 
recovered  by  the  carrier  Kearsarge  after 
a  water  landing  275  miles  northeast  of 
Midway  Island  in  the  Pacific  at  5:28 
p.m.  EDT.  Duration  of  the  flight  was 
9  hours,  13  minutes. 

Launched  by  a  slightly  modified 
Atlas  D  booster,  the  Sigma  7  capsule 

orbited  the  Earth  with  an  apogee  of  176 
miles  and  a  perigee  of  100  miles.  The 
spacecraft  speed  was  17,560  miles  per 
hour,  and  the  orbital  period  was  88.5 
minutes. 

NASA  hailed  the  flight  as  com- 
pletely successful,  declaring  that  it 

opened  the  way  for  longer-duration 
manned  spaceflights  in  projects  Mer- 

cury, Gemini  and  Apollo. 
Officials  confirmed  that  the  next  step 

in  the  U.S.  manned  spaceflight  pro- 
gram will  be  a  one-day-long  flight  early 

in  1963.  Bland  said  the  flight  would 
be  either  16,  17  or  18  orbits.  Another 
NASA  official  disclosed  that  the  17- 
orbit  mission  is  most  likely. 

No  decision  has  been  made,  but  all 
are  possible  because  each  permits  the 
desired  Atlantic  Ocean  recovery. 

NASA  has  four  one-day  flights 
scheduled,  but  space  agency  officials 
report  that  only  two  will  be  made. 
These  would  span  the  period  before 
Gemini  flights  begin  early  in  1964. 

While  NASA  officially  says  the  first 
one-day  flight  will  be  made  early  next 
year,  Bland  indicated  that  slippage  into 
the  second  quarter  is  quite  possible. 
The  pilot  is  expected  to  be  Air  Force 
Captain  LeRoy  Cooper. 

A  second  flight  would  follow  late  in 
the  third  quarter  or  early  in  the  fourth 
quarter  of  1963. 

Bland  refused  to  discuss  experi- 
ments and  pilot  duties  planned  for  the 

MA -9  mission.  He  said  that  many  had 
been  proposed  but  no  final  decisions 
have  been  made.  It  is  expected,  however, 
that  these  will  be  designed  to  test  pilot 
performance  and  the  effects  of  weight- 

lessness during  the  longer  missions. 
•  New  confidence — The  extremely 

successful  MA-8  flight  dispelled  all 
doubts  concerning  the  effects  of  weight- 

lessness and  the  capability  of  the  Mer- 
cury spacecraft  for  long-duration  flights. 

Especially  important  was  the  suc- cessful utilization  of  drifting  flight  for 
fuel  conservation  and  Schirra's  ability 
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to  come  through  with  no  ill  effects  the 
long  period  in  which  the  McDonnell 
spacecraft's  attitude  was  allowed  to 
yaw  freely. 

NASA  disclosed  that  48%  of  the 
fuel  for  both  the  automatic  and  manual 
control  systems  would  have  to  be  avail- 

able at  the  end  of  the  third  orbit  in  order 
to  permit  a  six-orbit  mission. 

Early  in  the  first  orbit,  Schirra  began 
the  fuel  conservation  program  by  con- 
troling  the  spacecraft  with  the  auto- 

matic system  which  uses  less  fuel.  At 
12:13  p.m.  EDT  the  astronaut  went 
into  complete  drifting  flight  which 
allowed  the  spacecraft  to  yaw  freely 
with  no  control  exercised  by  either  the 
manual  or  automatic  systems. 

At  12:38  p.m.  EDT,  Schirra  in- 
formed the  Hawaiian  Islands  tracking 

station  that  he  had  90%  fuel  remaining 
in  both  control  systems.  At  12:47  p.m. 
EDT,  the  Cape  Canaveral  Mercury 
Control  Center  gave  the  "go"  decision 
for  an  attempted  six-orbit  mission. 

MA-8  also  marked  the  second  time 
that  a  Project  Mercury  launch  was 
marked  by  a  complete  absence  of  tech- 

nical holds  in  either  the  launch  vehicle 
or  spacecraft. 

The  MA-7  flight  of  Astronaut  M. 
Scott  Carpenter  was  delayed  for  eight 
minutes  shortly  before  launch,  but  the 
hold  was  caused  by  bad  weather 
conditions. 

At  T-45  minutes,  a  15-minute  hold 
was  called  during  the  MA-8  flight.  This 
was  caused  by  defective  radar  at  the 
Canary  Island  tracking  station. 

•  Small  sweat — There  was  one  mo- 
ment of  alarm  early  in  the  Schirra  flight. 

Mercury  control  reported  that  it  had 
lost  telemetry  contact  with  the  body- 
temperature  measurement  system. 
Schirra  immediately  began  a  close  moni- 

toring of  his  suit  and  spacecraft  tem- 
perature. 

Preliminary  data  from  the  flight  has 
not  revealed  the  cause  for  the  loss  of 
telemetry.  Schirra  reported  that  the 
spacesuit  temperature  was  warm,  but 
not  uncomfortable.  He  began  to  attempt 
to  reduce  the  suit  temperature  through 
a  manual  control.  This  was  so  success- 

ful that  at  the  time  of  the  "go"  decision, 
he  reported  that  both  spacecraft  and  suit 
temperatures  were  very  comfortable. 

During  the  fourth  orbit,  telemetry 
recording  of  the  spacesuit  temperature 
mysteriously  came  back  on.  At  that 
time,  the  space  agency  confirmed  body 
temperature  as  normal. 

Another  MA-8  experiment  was  also 
completed  with  a  fair  degree  of  success. 
It  called  for  Schirra  to  attempt  to  see 
a  flare  burning  on  the  ground  as  he 
passed  over  Muchea  and  Woomera, 
Australia.  Broken  clouds  and  a  light 
rain  obscured  the  Woomera  area,  but 
Schirra  reported  he  could  see  the  flare 

as  a  block  of  light  in  the  cloud  system. 
Schirra  observed  the  same  mysteri- 
ous particles  reported  earlier  by  John 

Glenn,  Jr.,  and  Scott  Carpenter.  He 
indicated  that  he  knocked  on  the  side 
of  the  spacecraft  and  was  able  to  jar 
some  loose,  just  as  Carpenter  did  in 
MA-7. 

For  most  of  the  fourth  and  fifth 
orbits,  the  Sigma  7  was  out  of  voice 
contact  with  NASA's  21 -station  tracking 
network.  During  this  time,  however, 
telemetry  communication  was  main- 

tained. Schirra  allowed  the  craft  to  drift 
in  attitude  during  these  orbits. 

He  also  continued  his  exercises  and 
camera  experiments. 

•  Fuel  to  burn — At  3:47  p.m.  EDT, 
the  Pacific  Command  Ship  Rose  Knot 
gave  Schirra  the  "go"  signal  for  the 
sixth  orbit.  Then  perhaps  the  most  strik- 

ing tribute  to  the  flight's  success  occur- 
red. Space  Agency  officials  announced 

before  the  flight  that  35%  of  the  fuel 
in  both  automatic  and  manual  control 
systems  would  have  to  be  available  be- 

fore re-entry  could  be  attempted. 
Schirra  reported  as  he  prepared  for 

re-entry  that  he  still  had  80%  of  his 
fuel  supply.  This  nailed  down  success 
of  the  drifting  maneuver  and  its  future 
use  in  manned  missions. 

At  5:07  p.m.  EDT,  all  three  retro- 
rockets  fired  and  the  re-entry  attitude 
was  declared  satisfactory.  In  quick  suc- 

cession, the  retro-pack  was  jettisoned, 
the  periscope  retracted,  and  the  drogue 
and  main  parachutes  opened. 

Sigma  7  impacted  only  9000  yards 
from  the  aircraft  carrier  Kearsarge, 
prime  six-orbit  recovery  ship.  Schirra 
chose  to  remain  in  the  capsule  until 
taken  aboard  the  carrier.  Frogmen 
leaped  into  the  water  and  placed  a  flota- 

tion collar  around  the  capsule. 
At  6:09  p.m.  EDT,  the  spacecraft 

and  its  pilot  were  taken  aboard  the 
carrier.  Both  spacecraft  and  pilot  were 
reported  in  very  good  condition.  Schirra 
was  scheduled  to  spend  72  hours  in 
debriefing  on  the  Kearsarge  before  re- 

turning to  the  U.  S.  tx 

Modified  Propulsion  Proves  Itself 

by  Chris  Butler 

Cape  Canaveral — A  modified 
propulsion  system  used  for  the  first 
time  on  a  Mercury  flight  performed 
perfectly  on  the  MA-8  launch. 

Use  of  the  Rocketdyne  MA-5 
engine  with  improved  injector  system 
and  hypergolic  engine  start  elimi- 

nated pad  hold-down  for  the  Atlas 
and  assured  a  smoother  burn  for  the 
booster  and  sustainer  engines. 

The  injector  modification,  pre- 
viously used  on  some  Atlas  D  models, 

consists  of  a  series  of  baffles  mounted 
on  the  injector  plate  face. 

In  previous  Mercury  engines, 
LOX  and  RP-1  fuel  were  forced 
through  injector  plates  into  the  com- 

bustion chamber  in  one-inch  streams. 
Pressure  oscillations  which  built 

up  in  the  combustion  chamber  re- 
sulted in  a  rough  start  and  possible 

danger  to  the  booster  vehicle.  Two 
Atlas  military  rockets  were  destroyed 
during  liftoff  by  this  condition. 

The  modification  to  MA-8  en- 
gines consisted  of  adding  baffles  to 

the  face  of  the  injector  plates  to 
break  streams  of  fuel  into  a  mist 
which  cross-circulated  and  burned 
smoothly. 

The  hypergolic  engine  start  was 
accomplished  by  installing  a  cart- 

ridge of  triethylaluminum  in  each 
propellant  line.  The  material  ignited 
spontaneously  on  contact  with  LOX. 

Engineers  of  General  Dynamics/ 
Astronautics  said  the  smooth  start 

eliminated  the  tie-down  previously 
used  on  the  Atlas  to  assure  engines 
were  burning  smoothly  before  launch. 
This  hold-down,  which  eats  up  fuel 
at  1500  lbs.  a  second,  has  ranged 
up  to  4.5  seconds  in  the  past.  The 
Carpenter  flight  hold-down  was  2.2 seconds. 

They  added  that  the  improved  en- 
gine system  conserves  fuel  on  launch 

and  may  be  used  in  the  future  to  lift 
heavier  payloads.  The  fuel  saved  on 
MA-8  was  used  for  a  performance 
margin. 

GD/A  spokesmen  said  the  modi- 
fied engines  with  baffles  are  used  on 

all  E  and  F  Atlas  models  and  have 
been  used  on  some  Air  Force  satel- 

lite shots  and  on  the  two  NASA 
Mariner  launches. 

Bernard  Hohman,  Mercury  sys- 
tems engineering  director  for  the 

Aerospace  Corp.,  said  a  recommen- dation will  be  made  to  incorporate 
the  MA-5  engines  on  future  Mecury launches. 

Aerospace  guidance  equation  also 
were  used  to  slightly  alter  the  auto- 

pilot steering  program  to  provide  a 
smoother  flight  during  sustainer  en- 

gine burn. One  major  modification  was  made 
to  the  Mercury  spacecraft  when  a 
pair  of  13.5  ft.  antennas  were  added 
for  use  by  the  hf  radio  system. 

The  antennas,  made  of  extremely 
thin  strips  of  beryllium  copper,  were 
deployed  by  automatic  sequencer 
shortly  after  capsule  separation.  tt 
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Long  flights  in  view  .  .  . 

Schirra  Conducts  New  Biomed  Tests 

Two  experiments  measure  effects  of  prolonged 

weightlessness;  'exercise'  ruled  out  in  MA-8 

by  Heather  M.  David 

Cape  Canaveral — Astronaut  Wal- 
ter Schirra  conducted  two  new  experi- 

ments in  each  orbit  of  MA-8  to  deter- 
mine effects  of  prolonged  weightlessness. 

Both  were  checks  on  his  ability  to 
sense  his  body  position  in  space — an  im- 

portant factor  as  periods  of  weightless- 
ness will  increase  in  coming  manned 

space  projects. 
Dr.  Charles  Berry,  MA-8  flight  sur- 

geon and  NASA's  chief  of  aerospace medical  operations,  said  that  in  one  test 
the  astronaut  attempted  to  touch  three 
instruments  on  his  instrument  panel  with 
his  eyes  closed. 

In  the  second  experiment,  the  astro- 
naut took  a  few  seconds  in  each  orbit 

to  close  his  eyes  and  try  to  visualize 
his  body  position.  In  both  tests,  he  re- 

ported his  accuracy  in  centimeters  to  a 
tape  recorder.  The  data  are  now  being 
analyzed  to  see  how  weightlessness  af- 

fected him  in  these  experiments. 
•  Closer  look — Dr.  Berry  also  said 

that  the  astronaut  was  being  checked 
carefully  for  symptoms  of  debilitation 
caused  by  the  longer  weightless  period. 
Blood  and  urine  samples  are  being 
chemically  analyzed  for  signs  of  mobili- 

zation, or  loss,  of  calcium  from  the 
bones.  Some  signs  of  this  did  appear 
after  Scott  Carpenter's  flight,  but  not 
after  John  Glenn's. 

Schirra's  cardiovascular  system  and 
anti-G  reflexes  were  carefully  monitored 
for  unusual  effects.  Loss  of  efficiency 
in  his  anti-G  reflexes  would  cause  faint- 

ing and  atrophy  of  the  muscles  much 
like  that  caused  by  prolonged  bed  rest. 

An  interesting  feature  to  medical 
researchers  was  the  fact  that  Schirra 
chose  not  to  "exercise"  in  flight.  The 
other  astronauts  had  programs  of  muscle 
flexing  which  would  tend  to  counteract 
debilitating  effects  of  weightlessness. 
Schirra  elected  to  devote  more  time  to 
control  maneuvers.  Thus  ill  effects,  if 
any,  are  more  likely  to  show  up  in  him. 

Schirra  was  instructed  to  avoid  vio- 
lent head  movements,  in  case  this  may 

have  caused  Soviet  Cosmonaut  Gher- 
man  Titov's  sickness.  Like  the  other 
astronauts,  he  carried  injection  capsules 
of  Tigan,  a  motion-sickness  drug.  He 
also  carried  capsules  of  Wyamine,  a 

stimulant  for  shock,  and  morphine. 
The  suit  purification  system  was 

tested  before  flight  to  demonstrate  that 
it  could  clear  itself  if  the  astronaut  be- 

came sick  to  his  stomach. 
•  Bioinstrumentation — A  new  res- 

spiration  sensor  was  introduced  in  the 
Schirra  flight.  Instead  of  the  thermistor 
built  into  the  mouthpiece  of  the  astro- 

naut's microphone,  an  impedance  pneu- 
mograph was  used.  This  involved  two 

electrodes  attached  to  Schirra's  chest  to 
show  changes  in  chest  volume. 

The  AiResearch  Corp.  blood-pres- 
sure sensor  was  again  used  for  the  flight, 

but  for  the  first  time  was  especially 
tailored  to  the  astronaut. 

The  pressure  cuff  mechanism,  which 
worked  perfectly  during  the  Glenn 
flight,  was  specially  fitted  to  prevent 
artifacts  or  other  interferences  from 
blocking  an  accurate  reading.  During 
the  Carpenter  flight,  extremely  erratic 
and  high  readings  were  received. 

AiResearch  said  the  device  now 

gives  "better  than  clinical"  information, since  the  information  is  translated  into 
standardized  written  form  and  is  not 
subject  to  human  audio  interpretation. 

The  blood-pressure  cuff  was  made 
semiautomatic  for  this  flight.  Instead  of 
pumping  it  himself,  the  astronaut  pushed 
a  button  which  automatically  inflated 
the  cuff. 

Explorer  XIV  In  Orbit 
A  THOR-DELTA  combination 

hurled  the  89-lb.  Explorer  XIV  into 
an  unusual  orbit  from  Cape  Cana- 

veral Oct.  2.  The  aluminum  and  glass 
satellite  carried  six  experiments  to 
study  charged  particles,  solar  phe- 

nomena and  magnetic  fields. 
Planned  orbit  was  to  have  a 

53,000-mi.  apogee,  185-mi.  perigee 
and  period  of  31  hours.  Plane  of  the 
orbit  was  set  at  90°  to  the  Earth- 
sun  axis;  this  would  put  the  satellite's 
apogee  in  the  Earth's  shadow  within 
three  months,  to  check  a  theory  that 
the  magnetic  field  stretches  to  great 
distances  on  the  shadow  side.  tX 

•  Radiation  belt — Five  solid-state 
radiation  dosimeters  were  carried  in  the 

astronaut's  clothing  to  check  the  effects of  the  new  radiation  level  produced  by 
high-altitude  nuclear  testing. 

Dr.  Berry  said  that  the  radiation 
exposure  would  reach  only  2%  of  the 
allowable  mission  dose.  The  flight  car- 

ried Schirra  through  the  low  flux  por- 
tions of  the  artificial  belt  during  the 

fourth,  fifth  and  sixth  orbits. 
Readings  from  the  dosimeters  will 

be  added  to  the  astronaut's  record,  so 
that  a  total  is  kept  of  all  radiation  each 
astronaut  has  received  during  his  life- 
time. 

Since  eyes  and  skin  are  most  sus- 
ceptible to  radiation  injury,  the  dosi- 

meters were  placed  to  show  what  they 
received.  Two  dosimeters  were  located 

in  the  helmet,  two  on  Schirra's  chest  and 
one  on  the  right  thigh.  The  devices  are 
made  of  lithium  fluoride  and  coated  with 
ethylene  plastic. 

Fourteen  additional  pounds  of  water 
were  carried  on  MA-8  to  increase  the 
capacity  of  the  cooling  system  for  the 
longer  flight.  The  lithium  hydroxide 
supply  for  removing  C02  was  increased 
by  a  little  more  than  a  pound. 

•  24-hour  flight — Aerospace  medi- 
cal experts  gathered  here  for  MA-8  said 

they  were  now  making  plans  for  the 
24-hour  mission. 

Among  other  things,  recent  simu- 
lator tests  showed  that  the  most  advan- 

tageous times  for  the  astronaut  to  sleep 
probably  were  not  the  times  he  would be  able  to  sleep. 

For  instance,  Dr.  Berry  said,  the 
original  sleep  times  were  programmed 
to  coincide  with  the  times  the  capsule 
could  be  put  into  command  control. 
But  this  would  mean  he  must  go  to 
sleep  about  4VS>  hours  after  launch.  Dr. 
Berry  said  he  didn't  believe  the  astro- nauts would  be  able  to  do  this, 

A  close  look  also  is  being  taken  at 
the  bioinstrumentation  system  with  a 
forward  eye  to  Gemini.  Dr.  Berry  said 
that  some  phases  could  use  improve- 

ment but  probably  no  major  changes  will 
be  made  in  Mercury  since  it  would  re- 

quire changing  the  entire  amplification 
system.  8 
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After  shift  of  control .  .  . 

DX  Priority  for  Centaur  Imminent 

But  even  with  acceleration 

flight  won't  come  before  1964 
by  Frank  G.  McGuire 

NASA  IS  EXPECTED  to  recom- 
mend a  DX  priority — highest  in  the 

nation — for  Centaur  in  an  all-out  effort 
to  have  the  upper-stage  vehicle  opera- 

tional by  1965. 
Space  agency  officials  also  confirmed 

they  are  giving  serious  consideration  to 
use  of  the  Titan  II  booster  to  in- 

crease payload  capability  of  the  Centaur 
(M/R,  Sept.  10,  p.  13). 

The  new  developments  were  dis- 
closed as  NASA  announced  the  shift 

of  Centaur  program  respsonsibility  from 
the  Marshall  Space  Flight  Center  to 
Lewis  Research  Center. 

Vincent  L.  Johnson,  Centaur  Pro- 
gram Manager,  told  Missiles  and 

Rockets  that  "we  are  giving  serious 
consideration  to  a  DX  priority." 

Rep.  Joseph  Karth  (D-Minn.) 
praised  the  NASA  moves,  made  partly 
in  response  to  criticism  of  the  program 
by  his  House  Space  Sciences  Subcom- 
mittee. 

"Marshall  Space  Flight  Center  can 
spare  neither  the  time  nor  talent  for 
Centaur  in  view  of  their  commitment 

to  manned  space  flight.  We  shouldn't 
break  up  the  Saturn  team  for  work  on 
Centaur,  and  I  think  this  transfer  is  a 
good  move.  It  does  not  reflect  on  either 
the  technical  or  managerial  competence 
of  MSFC." 

Even  with  its  increased  emphasis 
on  Centaur,  NASA  can  hope  only  to 
stay  even  with  the  program's  develop- 

ment schedule.  Originally,  the  first  flight 
of  the  liquid-hydrogen/liquid-oxygen 
upper  stage  was  set  for  June  of  this 
year,  with  flight  test  completion  sched- 

uled for  next  year. 
First  a  long  series  of  technical  prob- 

lems, then  an  unsuccessful  first  launch 
on  May  8  pushed  the  operational  target 
date  into  1964. 

Now,  NASA  admits  that,  even  if  the 
program  is  accelerated  by  Lewis,  only 
a  late  1964  or  early  1965  target  date 
is  possible.  The  stepped-up  schedule 
will  call  for  nine  launches,  with  the  first 
next  March  or  April — an  almost  im- 

possible job. 
•  NASA  Centaur  report — The  space 

agency  announcement  said  the  new 
schedule  follows  a  re-evaluation  of  the 
program  which  was  ordered  by  the 
House  Space  Subcommittee.  Not  forth- 

coming, however,  was  a  special  report 

on  Centaur  which  was  also  ordered  by 
the  subcommittee.  Instead,  the  space 
agency  sent  only  a  brief  preliminary 
report  and  indicated  a  detailed  listing 
of  the  re-evaluation  findings  would  not 
be  available  until  the  transfer  to  Lewis 
is  completed. 

In  announcing  what  it  called  an  ac- 
celeration of  the  liquid-hydrogen  booster 

program,  NASA  said  that  it  was  also 
transferring  to  LRC  development  of  the 
M-l  engine,  slated  for  use  in  the  Nova 
super-booster. 

NASA  said  the  transfers  were  made 
to  permit  MSFC  to  concentrate  all  its 
efforts  on  the  manned  lunar  landing 
program.  As  a  result,  it  retained  respon- 

sibility for  the  200,000-lb.-thrust  J-2 
engine. 

The  J-2  engine,  also  a  liquid  hydro- 
gen project,  will  power  the  Saturn  C-1B 

and  Advanced  Saturn  launch  vehicles. 
Both  vehicles  have  prime  roles  in  project 
Apollo. 

•  Titan  II  candidate — The  move  to 
Lewis,  NASA  reported,  would  enable 
detailed  studies  of  the  possible  use  of 
the  Centaur  stage  with  other  boosters 
in  future  NASA  programs. 

A  space  agency  official  told  M/R 
that  the  Titan  II  booster  is  being  given 
primary  consideration.  With  a  430,000- 
Ib.-thrust  first  stage  and  a  100,000-lb.- 
thrust  second  stage,  the  Titan  II  would 
give  Centaur  a  much  greater  payload 
capability  than  the  presently  used  Atlas. 

This  could  prove  a  big  help  later 
on.  Centaur's  primary  missions  are  the 
Surveyor  lunar  soft-landing  spacecraft, 
Mariner  interplanetary  flights  and  put- 

ting satellites  into  24-hour  synchronous 
orbits. 

NASA  officials  estimated  that  Cen- 
taur will  just  about  be  able  to  lift  Sur- 

veyor, even  though  the  spacecraft  weight 
has  been  reduced  from  2500  to  2100 
lbs.  Any  future  increase  in  the  weight 
of  the  spacecraft  or  launch  vehicle  be- 

cause of  technical  changes  will  make 
the  mission  virtually  impossible. 

A  new  booster  might  also  aid  the 
success  of  the  sychronous  orbit  mis- 

sions. NASA  now  plans  to  use  a  Sur- 
veyor final-stage  rocket  motor  for  those 

missions;  a  new  booster  of  the  Titan  H's 
capabilities  would  make  that  move  un- necessary. 

One  optimistic  note  for  Centaur's 

future  was  the  announcement  that  the 
first  successful  test-firing  of  a  flight  stage 
was  achieved  by  the  prime  contractor, 
General  Dynamics/  Astronautics.  The 
Sept.  29  firing  lasted  ten  seconds. 

The  engine  contractor,  Pratt  and 
Whitney  Aircraft,  is  responsible  for  de- 

veloping the  RL-10  for  both  the  Centaur 
and  Saturn  S-IV  stages.  The  engine  de- 

velops an  average  thrust  of  15,000  lbs. 
and  has  a  specific  impulse  30%  better 
than  the  LOX/RP-1  combination  at 
sea  level.  The  nozzle  configuration  is 
designed  for  operation  at  altitude  and 
is  a  modified  bell  design  with  an  expan- 

sion ratio  of  about  40:2. 

The  engines  have  a  multiple-start 
capability  and  use  an  exciter-spark 
igniter  system. 

Before  the  current  revision,  Centaur 
was  slated  to  make  five  flights  in  1963 
and  four  more  in  1964. 

•  M-l  engine — The  M-l  engine  pro- 
gram, also  transferred  to  Lewis,  is  de- 

veloping the  largest  liquid-hydrogen 
rocket  engine  to  date.  With  1.2  million 
lbs.  of  thrust,  it  is  designed  for  cluster- 

ing in  the  second  stage  of  the  Nova 
booster. 

An  Aerojet-General  program,  M-l 
has  been  under  the  NASA  Office  of 
Manned  Space  Flight,  directed  by  D. 
Brainerd  Holmes.  At  Lewis,  it  wul  be 
set  up  as  a  separate  office  under  Bruce 
Lundin. 

•  Feasibility  established  —  Despite 
the  troubles  encountered,  NASA  Ad- 

ministrator James  Webb  said  data  from 
the  May  8  Centaur  flight  supports  the 
concept  and  the  design  as  a  sound  basis 
for  intensified  effort.  He  said  he  is  con- 

fident the  acceleration  will  result  in  a 
vehicle  capable  of  the  high-performance 
missions  assigned  to  it. 

•  Management  and  funding — At 
Lewis,  Centaur  is  being  placed  directly 
under  LRC's  director,  Dr.  Abe  Silver- 
stein,  and  assistant  director  for  develop- 

ment Bruce  Lundin.  A  separate  M-l 
office  under  Lundin  is  also  being  set  up. 

Overall  Centaur  program  responsi- 
bility as  in  the  past  will  rest  with  the 

NASA  Office  of  Space  Sciences  under 
Dr.  Homer  Newell. 

Funding  is  expected  to  increase  in 
the  Fiscal  1963  budget  from  $67  mil- 

lion to  about  $100  million,  with  a  simi- 
lar amount  anticipated  in  Fiscal  1964.  8 
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Geographic  broadening  .  .  . 

DOD  Seeks  Procurement  Diversity 

Upcoming  seminars  to  acquaint  lagging  areas  of  country 

with  defense  contracting  criteria;  Midwest  pinpointed 

by  James  Trainor 

DEPT.  OF  DEFENSE  officials  are 
attempting  to  change  the  geographic 
distribution  of  procurement  awards — 
expected  to  rise  to  $27  billion  during 
Fiscal  Year  1963 — by  acquainting  lag- 

ging areas  of  the  country  with  the 
criteria  and  prerequisites  for  defense 
contracting. 

Basic  goal  of  a  series  of  forthcom- 
ing seminars  is  to  widen  the  geographic 

base  of  purchasing.  Explaining  the  phil- 
osophy behind  the  program.  Deputy 

Secretary  of  Defense  Roswell  Gilpatric 
pointed  out: 

"We  have  a  responsibility  to  bring 
to  the  attention  of  every  part  of  the 
country  the  factors  that  go  into  defense 

procurement." •  Stress  on  Midwest — A  particular 
target  of  DOD's  education  program  is 
the  Midwest  area  including  Ohio,  Indi- 

ana, Illinois,  Michigan  and  Wisconsin. 
Although  prime  military  contract  awards 
in  these  five  states  during  FY  '62  totaled 

$3.1  billion— up  20%  from  FY  '61  and 
32%  from  FY  '60 — the  area  still  has 
not  recovered  from  the  $6-billion-per- 
year  loss  suffered  after  the  Korean 
War. 

Failing  to  keep  abreast  of  the  in- 
creased emphasis  on  research  and 

development  in  military  procurement 
after  Korea,  the  Midwest  saw  its  share 
of  the  military  market  drop  from  27% 
to  12%. 

The  missing  element  in  the  Midwest, 
according  to  Gilpatric,  is  the  willing- 

ness of  universities  and  industry  to  work 
together.  And  it  is  to  point  out  the 
importance  of  this  element  that  the 
Defense  Department  has  inaugurated 
a  policy  of  conducting  seminars  by 
high-level  defense  officials  at  the  invi- 

tation of  local  authorities. 

Gilpatric  noted  that  a  series  of  brief- 
ings will  be  given  to  industrial,  uni- 

versity and  city  officials  in  Chicago  on 
Oct.  11.  Explaining  defense  procure- 

ment needs  will  be  Dr.  Harold  Brown, 
Director  of  Defense  Research  and 
Engineering;  Gen.  Bernard  A.  Schriever, 
Commander,  Air  Force  Systems  Com- 

mand; Finn  J.  Larsen,  Assistant  Secre- 
tary of  the  Army  (R&D)  and  James  H. 

Wakelin,  Assistant  Secretary  of  the 
Navy  (R&D). 

•  Missiles  leveling  off — Procurement 
of  missiles,  particularly  strategic  retali- 

atory weapons,  has  leveled  off  in  FY 
'62  and  is  now  running  at  a  steady 
33"/3%.  Thus,  of  the  $18  billion  spent 
on  hardware  during  the  past  fiscal  year, 
missiles  accounted  for  approximately 
$6  billion.  During  the  current  fiscal  year, 
missile  procurement  will  run  about  $6.3 
billion  out  of  a  total  hardware  procure- 

ment budget  of  $20  billion. 
In  aircraft  procurement,  the  per- 

centage is  down  from  31%  to  28%. 
However,  this  category  is  expected 
to  stay  relatively  stable,  with  the  major 

changes  coming  in  the  blend  or  "mix" of  aircraft.  The  emphasis  is  being 
shifted  from  long-range,  strategic  sys- 

tems to  tactical  aircraft. 
The  third  major  category,  Army 

NASA  Concerned  About  Apollo  Costs 

TOP  NASA  officials  are  con- 
cerned by  cost  overruns  being 

quoted  by  Project  Apollo  con- tractors. 
As  a  result,  D.  Brainerd  Holmes, 

the  space  agency's  Moon  boss,  and Robert  Gilruth,  director  of  the 
Manned  Space  Flight  Center,  are 
taking  a  personal  interest  in  nego- 

tiations between  NASA  and  its  in- 
dustrial team. 

A  high-ranking  official  told 
Missiles  and  Rockets  that  the 
cost-cutting  drive  has  affected  con- 

tracts with  North  American  Avia- 
tion, Inc.,  prime  contractor  for  the 

Apollo  spacecraft,  and  the  indus- 
trial support  team  working  with 

MIT  on  the  spacecraft's  guidance 
system. 

The  official  said  that  Gilruth 
recently  became  involved  in  an  at- 

tempt to  reduce  the  size  of  North 
American's  planned  testing  pro- 

gram for  Apollo.  The  test  plan 
called  for  far  more  work  and  funds 
than  the  space  agency  felt  was  nec- 
essary. 

He  also  declared  that  cost  esti- 
mates presented  by  members  of  the 

guidance  system's  industrial  sup- 
port team  were  "shocking."  But 

this,  he  said,  resulted  from  a  dis- 
agreement over  technical  require- 

ments, not  overcharging. 

"Negotiations  are  continuing," 
he  said,  and  "we  are  beginning  to 
make  headway"  in  getting  the  firms 
estimated  costs  reduced." 

•  Billion-dollar  LEM? — At  the 
same  time,  the  official  estimated 
that  the  contract  for  the  Lunar  Ex- 

cursion Module  of  the  Apollo 
spacecraft  will  be  worth  from  $500 
million  to  $1  billion. 

This  will  cover  the  1962-65 
phase  of  the  contract  which  will  be 
awarded  later  this  month. 

An  attempt  will  be  made,  he 
said,  to  get  the  LEM  prime  con- 

tractor to  make  a  fast  start  on  se- 
lecting subcontractors.  "We  found in  our  work  with  North  American 

that  subsystem  work  is  the  pacing 
item,"  the  official  said. 

The  space  agency  hopes  to 
have  LEM  subcontractors  working 
on  hardware  early  next  year.  Be- 

cause of  additional  study  which 
will  be  required,  the  LEM  prime 
will  not  begin  fabrication  until 
later  in  1963.  It  is  hoped  that  a 
mockup  showing  internal  arrange- 

ment will  also  be  ready  then.  8 
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Total  Military  Prime  Contract  Awards, 

by 

Region* 
FY 7  960 FY 7961 

FY 7  962 

$  Millions %  of  U.S. 
$  Millions 

% of  U.  S. 
$  Millions 

%  of  U.  S. 

$  2,058 
10.1  % 

$  2,334 

in  co/ 
1  U.O  /o 

$  z,/Jo 

10.8% 

Mif-lrllA  AHnnfir 
4,324 

21.2 
4,397 

1  O  O A  Z.O A 
4,004 

1 8.8 

CmcI  Nlnrtn  I  ontr/tl 
2,371 

11.5 
2,606 

11  o 

1  1  .0 
J,  1  OO 

1 2.6 

Ulpci  North  Central 1,375 6.7 
1,285 5.8 1  ,OS2 6.8 

CAiitli  Aflfinfi/1 
1 ,994 

10.0 
2,345 

10.7 1 0.5 

CnnfU  ronlrn 1,785 8.8 1,812 8.2 1  ,730 7.7 
795 

3.8 1,267 5.7 1 ,1 66 
4.6 

Pacific   5,578 
27.3 

5,951 
26.9 

6,960 

27.8 

Alaska  and  Hawaii   128 0.6 119 
0.5 

95 0.4 
TOTAL 

$20,407 
100.0% 

$22,112 
100.0% 

$24,982 

100.0% 

"Includes  supply,  RDTirE,  services,  construction  and  facility  contracts  of  $10,000  or  more, 
within  the  United  States. 

Ordnance,  is  the  most  rapidly  rising 
procurement  area.  Down  from  a  Korea 
high  of  50%  to  121/2%,  Army  Ord- 

nance is  coming  up  again  and  is 
expected  to  rise  to  14-15%  of  DOD's 
procurement  dollars  during  FY  '63. 

Ship  construction  and  modernization 
is  expected  to  remain  steady  at  8% 
— down  from  a  World  War  II  high  of 
26%. 

The  remaining  percentage  of  pro- 
curement dollars  will  be  spent  for  sup- 

ply, services,  construction  and  facilities. 
•  Procurement  going  up — In  a  re- 

port, "Prime  Contract  Awards  for  FY 
1962  Compared  by  State  and  Region," 
released  last  week,  it  was  revealed  that 
military  prime  contract  awards  totaled 
$25  billion  in  Fiscal  Year  1962,  an 
increase  of  22.7%  over  FY  '60  pro- 

curement. Figures  for  FY  '60  and  '61 
were  $20.4  billion  and  $22.1  billion, 
respectively. 

The  economic  impact  of  the  expan- 
sion in  defense  contracts  during  the 

past  two  fiscal  years  has  not  yet  been 
fully  reflected  in  industrial  production, 
the  report  said,  since  performance  and 
delivery  follow  awards  by  a  period  of 
months  or  years. 

The  report  covered  prime  contract 
awards  of  $10,000  or  more  during  FY 

'62.  However,  the  geographical  and regional  analysis  did  not  take  into 
account  subcontracts  awarded  to  other 
areas  of  the  country  by  the  prime 
contractor. 

In  analyzing  the  regional  groupings, 
all  of  the  regional  areas  showed  in- 

creases in  procurement  awards  from 
FY  '60  to  FY  '62.  The  largest  gain was  recorded  by  the  Mountain  States 
with  an  increase  of  47%,  the  smallest 
by  the  Middle  Atlantic  and  South  Cen- 

tral States  with  8%  and  9%  re- 
spectively. Alaska  and  Hawaii — not  in- 

cluded in  any  regional  listing — declined 
0.2%  over  the  period. 

Among  the  individual  states,  the 

largest  gain  was  recorded  by  Colorado 
with  129%,  followed  by  Indiana  105%, 
Georgia  89%,  Utah  70%,  Alabama 
70%,  Tennessee,  69%,  Missouri  62%, 
Wisconsin  55%,  North  Carolina  55%, 
Minnesota  54%,  Connecticut  45%  and 
Pennsylvania  42%. 

States  which  have  lost  procurement 
awards  over  the  last  three  fiscal  years 
include:  Kansas  down  31%,  New  Jer- 

sey down   17%,  Texas  down  12%, 

Maryland  down  9%,  Arizona  down  9% 
and  Oklahoma  down  7%. 

In  spite  of  the  gains  recorded  by 
some  states,  California  continued  to 
dominate  the  procurement  picture 
throughout  the  whole  period.  The  state 
received  $5,993  billion  of  the  FY  '62 
procurement  dollars  or  23.9%  of  the 
total.  Other  perennial  leaders  were  New 
York,  $2,669  billion  (10.7%)  and  Mas- 

sachusetts, $1.3  billion  (5.2%).  « 

Russia  Counters  Israeli  Deal 

THE  ADMINISTRATION'S 
decision  to  sell  Hawk  guided  mis- 

siles to  Israel  appears  certain  to 
further  accelerate  the  arms  race 
in  the  Middle  East. 

The  Soviet  Union  has  indicated 
that  it  will  expand  its  arms  sales  to 
Arabic  countries  to  include  more  and 
better  missiles.  It  has  already  sup- 

plied the  United  Arab  Republic, 
Iraq  and  Syria  with  TU-16  jet 
bombers,  MIG-21  fighters,  and  cer- 

tain types  of  defensive  missiles. 
Britain  announced  last  week 

that  the  U.S.  decision  has  "created 
a  new  situation"  which  would  force 
the  U.K.  government  to  review  its 
past  policy  of  not  supplying  either 
side  with  advanced  weapons.  Con- 

sideration will  be  given  to  supplying 

defensive  missile  systems  "to  the 
areas  as  a  whole,"  a  British  spokes- man said. 

The  decision  to  sell  Raytheon 
Hawks  to  Israel  was  made  after  an 
Administration  review  of  the 
Middle  East  power  balance  revealed 
that  Soviet  arms  shipments  to  Arabic 
countries  were  tipping  the  balance 
in  favor  of  the  Arabs. 

In  a  reversal  of  previous  Admin- 

istration policy,  State  Department 
officials  said  that  they  expected  the 
negotiations  with  Israel  to  be  con- 

cluded soon.  The  number  of  Hawk 
units  to  be  bought  by  Israel  was 
not  revealed. 

Once  the  negotiations  are  con- 
cluded it  is  expected  that  at  least 

a  year  will  pass  before  Israel  re- 
ceives delivery  of  the  first  Hawk 

units.  During  that  time,  Israeli  tech- 
nicians will  be  trained  in  this  coun- 

try and  U.S.  advisors  will  supervise 
the  construction  of  Hawk  missile 
sites  in  Israel. 

A  single  Hawk  unit — consisting 
of  a  six-launcher  battery  with  its 
associated  ground  and  guidance 
equipment — is  expected  to  cost 
Israel  $10-$  15  million. 

Hawk  is  a  surface-to-air  guided 
missile  built  by  the  Raytheon  Co. 
The  supersonic  missile  has  a  range 
of  about  22  n.m.  and  a  ceiling  of 
from  100  ft.  to  38,000  ft.  Armed 
with  a  non-nuclear  warhead,  Hawk 
is  designed  for  defense  against  low- 
flying  aircraft,  but  it  has  success- 

fully intercepted  Honest  John,  Little 
John  and  Corporal  missiles  in  tests 
that  demonstrated  its  versatility.  *♦ 
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space  electronics 

Proposed  System  Checks 

Satellite  s  First  Orbit 

Simple  GE  concept  uses  off-the-shelf  hardware 

and  straightforward  computational  methods 

Utica,  N.Y. — General  Electric 
designers  report  that  an  X-band  radar 
altimeter  and  a  simple  digital  computer, 
coupled  with  standard  attitude-reference 
and  autopilot  subsystems,  are  sufficient 
to  determine  satellite  orbital  character- 

istics during  the  first  orbit. 
Using  this  approach  accuracies  are 

believed  possible  to  roughly  1.2  ft./ sec. 
in  measuring  the  horizontal  velocity 
component,  50  ft.  in  altitude  and  0.25 
ft. /sec.  'for  radial  velocity. 

The  concept  has  been  studied  over 
the  past  several  years  by  engineers  at 
GE's  light  military  electronics  depart- 

ment. Called  COGS  (Continuous  Or- 
bital Guidance  System),  it  was  first 

revealed  by  the  company  at  the  recent 
Eighth  National  Communications  Sym- 

posium here. 
Using  straightforward  computation 

methods  and  off-the-shelf  hardware,  de- 
signers claim  they  can  build  a  20-30-lb. 

self-contained  guidance  system.  Low  in 
cost  and  simple  in  design,  COGS  could 
be  employed,  they  assert,  in  any  Earth- 
orbital  satellite,  manned  or  unmanned, 
up  to  an  altitude  of  1200  nautical  miles. 

CONTINUOUS 

Employed  in  an  Earth-orbiting  satel- 
lite, or  as  shown  in  a  Gemini  manned 

vehicle,  a  pulse-radar  altimeter  makes 
altitude  measurements  continually  at 

successive  points  in  time.  The  vehicle's attitude-reference  subsystem  maintains 
the  craft  roughly  horizontal  to  the  sur- 

face beneath  it  during  measurement. 
By  obtaining  two  successive  altitude 

readings  and  dividing  by  time,  the  rate 
of  change  in  height  h  or  radius  r  can 
be  obtained  over  a  small  portion  of  the 
Earth's  surface.  With  additional  meas- 

urements, the  second  derivative  of  alti- 
tude can  be  obtained. 

Determination  of  orbital  character- 
istics is  based  on  the  altitude  measure- 

ments (see  the  vector  diagram  inset), 
and  is  represented  by  many  sets  of 
three  orbital  parameters:  radial  velocity 
r,  horizontal  velocity  (VT)  and  the 
radius  from  the  center  of  the  central 
force  field.  VT  is  calculated  as  shown  in 
the  inset. 

•  Readings  over  water — Since  or- 
bital parameters  depend  largely  on  the 

accuracy  of  altitude  measurement,  read- 
ings are  obtained  while  over  water. 

OCEAN  SURFACE 

In  a  typical  application  of  COGS, 
the  vehicle  coasts  upward  to  apogee 
after  boost  phase.  During  this  staging 
period,  which  may  vary  from  30  to  400 
seconds,  COGS  can  be  used  to  assess 
performance  of  lower  stages  and  permit 
readjustment  to  the  insertion  stage  guid- 

ance program,  designers  say. 
This  can  be  a  critical  time,  since  the 

insertion  stage  may  occur  out  of  the  line 
of  sight  of  ground  guidance  control 
stations. 

Assuming  an  inertially  controlled  in- 
sertion with  typical  error,  GE  feels 

COGS  can  be  used  immediately  after 
insertion  to  measure  performance  rap- 

idly and  permit  orbital  path  correction. 
Later,  and  particularly  in  low-orbit 

situations,  COGS  can  be  used  to  effect 
continuous  orbit  restoration  by  detect- 

ing decay  due  to  drag  or  other  opera- tional abnormalities. 

Also,  developers  say,  COGS  would 
be  extremely  useful  for  orbital  touchup 
on  missions  requiring  an  orbit  change 
or  change  in  path  shape. 

•  Radar  requirements — To  support 
the  COGS  concept,  GE  performed  an 
optimization  study  of  radar  altimeter 
characteristics  for  application  to  staging 
coast  periods  and  on-orbit  satellite  op- eration (see  table). 

Pulsed  Radar  Altimeter 
Power  transmitted Center  frequency 
Transmitted  pulse  width 
Rise  time  of  transmitted  pulse 
Pulse  repetition  frequency 
Altimeter  accuracy  (at  250  mi Bias  errors 

Pulse-to-pulse  errors 
Output  information 

les) 

Input  power  required  at  28vdc Weight 
Size 

Characteristics 
2  kw  peak X-band 

I  usee 0.1  ̂ sec 100  cps 

±50  ft. 

<20  ft. 

Altitude:  100 times/sec; 

resolution: 10  ft. 
27  watts 12  lbs. 
4.0x8.6x  12.0  tn. 

(approx.  400 

cu.  in.) 

X-band  radar  was  chosen  with  2-kw 
transmitted  power,  since  equipment  at 
this  power  level  was  already  available 
with  the  pulse  characteristics  shown. 
The  100-cps  pulse  repetition  frequency 
was  considered  a  compromise  between  a 
more  desirable  higher  data  rate  and 
other  problems  associated  with  second- time  echo  return. 

To  minimize  noise,  only  the  return 
during  the  first  pulse  period  will  be 
tracked.  A  post-detection  low-pass 
0.5-mc  bandwidth  filter  will  help  reduce 
the  sea-return  noise  on  the  tracked 

pulse. 
The  selection  of  X-band  as  the  best 

operating  frequency  was  based  on  sev- 
eral major  criteria  associated  with  the 

operating  environment,  according  to  GE 
engineers.  For  satellite  use,  a  small 
lightweight  antenna  is  essential  and  a 
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5°  beamwidth  had  been  selected  to  pro- 
vide a  reasonable  ratio  of  beamwidth 

to  vehicle  stability.  Other  principal  fac- 
tors included  the  need  for  an  operating 

frequency  not  appreciably  affected  by 
water  return  and  the  always-present  re- 

quirement to  obtain  the  best  return  per 
transmitted  watt. 

A  30-db  conical  antenna  was  selected 

corresponding  to  a  5°  beamwidth  to- 
gether with  a  system  detection  signal-to- 

noise  ratio  of  10  db.  With  these  design 
characteristics  and  using  a  receiver  with 
a  10-db  noise  figure,  maximum  oper- 

ating altitude  was  determined  to  be  ap- 
proximately 2000  nautical  miles  over  a 

smooth  sea.  With  a  safety  factor  added, 
however,  maximum  usable  altitude  is 
considered  1200  n.  mi. 

•  Digital  processing — COGS  per- 
formance capability  is  directly  related 

to  the  capacity  of  its  associated  digital 
computer,  thus  designers  have  devised 
at  least  two  systems — one  a  single-point 
orbit  calculator  (SPOC)  and  the  other 
an  iterative  orbit  calculator  (IOC). 

With  SPOC,  which  is  the  simpler 
approach,  altitude  measurements  are 
pre-filtered  for  30  seconds  before  h, 
h,  h  estimates  are  obtained.  These  are 
fed  into  the  computer  and  are  used  with 
pre-programed  equations  and  nominal 
earth-shape  corrections  to  obtain  the 
orbital  elements  of  horizontal  and  radial 

velocity  and  radius  from  the  Earth's 
center.  Horizontal  velocity  can  be  deter- 

mined to  an  accuracy  of  less  than  5 
ft./sec.  in  30  sec.  time  or  to  about 
1  ft./sec.  in  one  minute. 

By  employing  slightly  more  com- 
plicated equations,  rate  of  change  of 

vehicle  energy,  total  velocity,  and  veloc- 
ity vector,  direction  can  be  obtained, 

together  with  necessary  control-system 
inputs. 

Although  considerably  more  com- 
plex, the  IOC  computer  could  provide 

a  VT  reading  to  less  than  1.2  ft./sec.  in 
32  sec.  IOC  is  a  feedback  system  capa- 

ble of  producing  elliptical  parameters 
directly.  It  would  also  be  better  suited 
to  performing  control  computations,  de- 

signers claim. 
The  16-lb.,  0.35-cu.ft  system  would 

require  about  10  watts  power,  would 
have  a  program  core  memory  of  512 
words  (14  bits  each)  and  a  working- 
core  storage  of  256  words  (32  bits 
each) . 

To  further  extend  COGS  capability. 
GE  designers  have  developed  a  method 
to  obtain  orbit-plane  inclination  using  a 
single  ground-based  transponder.  The 
unit  must  be  at  a  known  location  and 
must  be  able  to  identify  itself. 

The  method  of  solution  by  the  space- 
craft essentially  involves  the  use  of  three 

velocities:  local  earth-rate  velocity  of 
the  ground  station;  satellite  horizontal 
velocity;  and  relative  velocity  between 
satellite  and  ground  station.  ~ 
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Two  new  CEC 

Piezoelectric 

Accelerometers 

The  finest 

instruments  available 

for  dynamic 

acceleration  measurement 

These  are  CEC's  4-270  and  4-271  Piezoelectric 
Accelerometers  .  Inside  each  instrument,  a 
precision  honed  sphere  point-loads  the  piezo- 

electric crystal.  This  unique  employment  of 
point-loading  guarantees  isolation  of  the  sens- 

ing element  —  lets  you  actually  receive  the 
great  sensitivity  inherent  in  the  piezoelectric 
effect.  Guaranteed  are:  the  highest  first  reso- 

nance and  lowest  cross  axis  sensitivity  obtain- 
able from  this  advanced-type  instrument.  Also 

promised  are  minimum  case  sensitivity  and 
negligible  response  to  acoustic  noise.  Instru- 

ments measure  dynamic  accelerations  and 
shocks  up  to  10,000g  in  the  frequency  range 
from  2  to  7000  cps  and  7  to  8000  cps.  For 
complete  information,  write  for  detailed  speci- 

fications contained  in  CEC  Bulletins  4270-X4 
and  4271-X4,  or  call  your  CEC  office. 
'Patent  Pending 
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new  era 

of 

technological  excitement 

at 

Bell  Aerosystems 

activities  multiplying  in  9  diversified  areas 

□  A  REALISTIC,  3-DIMENSIONAL  VISUAL  SPACE  SIMULATOR  FOR  ASTRONAUT  TRAINING  □  DEVELOPMENT  OF  HYDRO- 
SKIMMER,  THE  LARGEST  AIR  CUSHION  VEHICLE  IN  THE  NATION  □  AN  ALL-WEATHER,  AUTOMATIC  AIRCRAFT  LANDING 
SYSTEM  □  NEW  APPLICATIONS  OF  THE  BELL  HIPERNAS  SYSTEM,  MOST  ACCURATE,  PURE  INERTIAL,  SELF-COMPEN- 

SATING NAVIGATION  AND  GUIDANCE  SYSTEM  KNOWN  □  ULTRA-RELIABLE  CONTROLS  FOR  SKIP-GLIDE  REENTRY 
VEHICLES  □  MUTUAL  INTERFERENCE  PROBLEMS  OF  THOUSANDS  OF  RADIATING  DEVICES  EMPLOYED  IN  BATTLE- 

FIELD SITUATIONS  □  DEVELOPMENT  OF  TRANSMITTERS,  RECEIVERS,  CODERS,  DECODERS,  GROUND  CHECK-OUT  AND 
MAINTENANCE  EQUIPMENT  FOR  A  SOPHISTICATED,  PULSE-TYPE  UHF  SYSTEM  □  NEW  CONCEPTS  IN  V/STOL  □  A 
NEW  GENERATION  AGENA  ENGINE,  THE  NATION'S  MOST  RELIABLE  SATELLITE  PROPULSION  SYSTEM. 

Opportunities  Now  Open  in 

MATHEMATICAL  ANALYSIS RELIABILITY 

For  assignments  related  to  reliability 
theory,  test  planning,  data  accuracies, 
instrument  errors,  error  analysis  and 
high  speed  electronic  calculations.  Re- 

quires degree  in  Mathematics  with 
strong  educational  background  in  the 
sciences,  or  ME  or  AE  with  background 
in  statistics  and  probability  theory,  par- 

ticularly as  applied  to  engineering  and 
testing  in  liquid  propellant  rocket  en- 

gine and  propulsion  systems. 

AERODYNAMICS 

BS  in  AE  and  2  to  6  years  experience, 
with  thorough  background  in  analysis 
work  in  one  of  the  following  areas:  heat 
transfer,  propulsion  system  perform- 

ance, flight  mechanics,  dynamic  stabil- 
ity and  handling  qualities,  static  aero- 

dynamic characteristics. 

PROPULSION  ANALYSIS 

For  propulsion  and  performance  analy- 
sis for  air-breathing  engine  systems, 

including  propellers,  ducted  fans  and 
ducted  propeller  systems.  Requires  ad- 

vanced degree  with  5  years  experience 
in  internal  aerodynamics  and  propul- 

sion analysis. 

Engineering  degree,  familiar  with  sys- 
tems analysis  and  integration,  and  capa- 

ble of  design  reviews  and  parts  appli- cation reviews.  Should  be  aware  of  the 
relationship  in  the  aerospace  field  be- 

tween reliability  and  such  factors  as 
design,  manufacturing,  quality  control 
and  assurance,  packing,  shipping,  stor- 

age, maintenance,  checkout,  etc. 

 STRUCTURES  ENGINEERING  
To  develop  structural  concepts  for  high 
temperature  and  space  structures,  es- 

tablish and  direct  test  programs,  pre- 
pare research  proposals.  BS  with  8 

years  in  stress  analysis  and  structural 
design,  including  high  temperature 
structures  and  associated  thermal  ma- 
terials. 

 SYSTEMS  INTEGRATION  
BS  in  ME,  Applied  Math,  AE  or  Physics, 
with  experience  in  the  dynamics  of 
closed  loop  systems,  guidance,  mechan- 

ics of  vehicle  flight,  space  mechanics, 
analog  and  digital  computing  systems. 

ROCKET  PRELIMINARY  DESIGN  

To  conduct  analytical  and  design 
studies  and  investigations  in  all  areas 
of  rocket  engines  and  rocket  systems, 
including  conceptual  design  and  sup- 

port analysis  for  new  rocket  propulsion 
systems.  Requires  BS  or  advanced  de- 

gree in  ME,  AE,  ChE  or  Applied  Physics 
with  minimum  6  years  experience  in 
thermodynamics  and  fluid  dynamics,  or 
heat  transfer  as  applied  to  liquid  pro- 

pellant rocket  engines. 

HUMAN  FACTORS  ENGINEERING 

MS  through  PhD  in  Experimental  Psy- 
chology and  2  to  4  years  related  experi- 

ence. To  participate  in  the  design  and 
development  of  aeronautical  and  space 
systems  in  all  areas  of  human  factors, 
and  to  apply  research  findings  to  de- velopment in  the  areas  of  engineering, 
psychology,  human  engineering,  physi- 

ology, training  and  personnel  selection. 
AEROSPACE  PRELIMINARY  DESIGN 

To  develop  and  design  parameters  for 
spacecraft  and  missile  systems  and  to 
serve  as  project  proposal  directors.  Pre- 

fer advanced  degree,  with  minimum  8 
years  experience  in  all  phases  of  air- 

craft and  space  systems  design  work. 

f  PjH  Send  resumes  now  to  T.  C.  Fritschi,  Dept.  C1 

BELL  AEROSYSTEMS  CO. 

DIVISION  OF  BELL  AEROSPACE  CORPORATION -A  fgXtrOnj  COMPANY 
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Technical  Countdown 

ELECTRONICS 

Telstar  Holding  Up  Well 
Output  of  the  Telstar  solar  cells  has  been  reduced  to 

about  85%  of  initial  power,  says  Bell  Telephone  Laboratories' 
latest  report  on  the  satellite's  condition.  Its  output  will  be 
reduced  to  about  68%  by  the  end  of  two  years.  Both  values 
are  well  within  the  expected  limits  of  panel  degradation. 
Peak  electron  flux  reported  is  approximately  109/cm2  sec, 
with  energies  above  200  kev  at  altitudes  from  1200-3500 
miles.  One-third  of  the  electrons  have  energies  above  1  mev, 
but  the  major  damage  to  solar  cells  is  from  protons  with 
energies  above  15  mev.  Peak  proton  fluxes  at  apogee  for 
particles  between  22  and  32  mev  are  about  2x1 04/ cm2  sec, 
says  BTL. 

New  Use  for  Old  Device 

A  unique  fine-wire  calorimeter,  consisting  of  roughly 
1000  ft.  of  fine  insulated  copper  wire  randomly  stuffed 
into  an  opaque  glass  container  and  electrically  connected 
into  a  bridge  circuit,  is  being  used  by  Westinghouse  scientists 
to  measure  pulsed-laser  output  energy.  When  the  coherent 
light  beam  is  fired  into  the  device,  the  wire  resistance  is 
altered  by  the  increased  temperature.  The  change  is  picked 
up  on  a  galvanometer  in  the  bridge  circuit. 

Proton-proof  Cells  Developed 
Photovoltaic  power  cells  capable  of  surviving  high-energy 

electron  and  proton  bombardment  from  three  to  five  times 
as  long  as  cells  now  in  use  have  been  developed  and  tested 
by  Electro-Optical  Systems,  Inc.,  under  a  NASA  feasibility 
study  contract.  Key  to  the  radiation-resistance  increase  is 
use  of  a  controlled  amount  of  charged  impurities  in  the 
base  layer.  A  panel  of  the  cells  will  be  flight-tested  on  a 
NASA  space  vehicle  before  the  end  of  the  year. 

New  A-wectpon  Programer  Tested 

A  solid-state  fuzing  and  arming  programer,  developed 
by  Tempo  Instrument  Inc.  for  the  Army's  Picatinny  Arsenal 
was  successfully  test-fired  recently  at  Yuma,  Ariz.  The 
device  reportedly  performed  within  the  required  accuracy 
specification  of  0.1%,  indicating  considerable  control  in 
sequential  arming  and  detonation  of  tactical  atomic  war- 

heads. The  unit  is  designed  to  operate  over  a  —65°  to 
165°F  temperature  range,  at  shock  and  acceleration  levels  of 
100  G"s,  and  under  vibration  of  5  G's  at  2000  cps. 

RACEP  Mctnpack  Unveiled 

A  miniaturized  AVi-Xo.  version  of  the  Martin  Company's 
RACEP  (Random  Access  and  Correlation  for  Extended 
Performance)  communications  system  will  be  shown  at 
the  annual  Association  of  the  U.S.  Army  convention  in 
Washington  this  week.  Designed  for  initial  use  by  ground 
troops,  the  transceiver  operates  as  a  fully  duplexed  pulse- 
modulated  wideband  system  and  is  capable  of  transmitting 
voice  or  data  up  to  2  miles.  Also,  the  system  provides 
telephone-type  direct  dialing  without  the  need  for  wires 
or  a  switching  central. 

NASA  Gets  New  Spacecraft  Test  System 

Epsco,  Inc.,  has  delivered  a  new  data-collection  and 
analysis  system  to  NASA's  Goddard  Space  Flight  Center. 
It  will  be  used  for  pre-launch  checkout  of  various  space 
vehicles  with  up  to  2000  test  points,  the  company  says. 
Data  conditioning  modules  will  be  placed  at  each  test  area 
and  resulting  test  data  will  be  directed  to  a  central  ADP 
complex.  This,  says  Epsco,  will  permit  close  control  of 
multiple  tests  and  thus  assist  NASA  to  coordinate  and 
centralize  control  over  all  environmental  tests. 

ADVANCED  MATERIALS 

Polyurethane  Processed  in  Sheets 
To  be  marketed  under  the  name  of  Seilon  UR,  poly- 

urethane is  now  available  in  sheet  form  instead  of  the 

more  familiar  foam.  Developed  by  Seiberling  Rubber  Co.'s 
Plastics  Div.,  the  tough  polymer  is  being  produced  in  52-in.- 
wide  rolls  in  thicknesses  of  0.005-0.060  in.  Seiberling  says 
Seilon  is  impervious  to  petroleum  products,  will  not  em- 

brittle or  crack  under  gamma-ray  exposure,  remains  flexible 
to  —  100°F,  and  offers  tensile  strengths  to  8000  psi  and  a 
modulus  at  300%  elongation  of  1700-2200  psi. 

More  Ductile  Beryllium  Sought 

In  an  attempt  to  develop  a  far  more  ductile  form  of 
beryllium,  whose  metal-working  properties  are  presently 
limited  by  brittleness,  National  Research  Corp.  is  building 
a  large-scale  facility  for  producing  submicron  beryllium 
having  a  minimum  oxygen  content.  The  work  is  being 
performed  under  a  subcontract  to  Nuclear  Metals,  Inc., 
for  the  Air  Force  Aeronautical  Systems  Division,  Wright- 
Patterson  AFB. 

Rubies  Cultivated  at  Redstone 

Sapphires  and  rubies  for  experimental  lasers  are  being 
grown  in  a  new  production  plasma  furnace  at  the  Army 
Missile  Command,  Redstone  Arsenal.  Ruby  growth  begins 
by  pouring  A1203  and  Cr203  powders  into  the  furnace,  where 
temperatures  reach  28,000°F.  The  powder  vaporizes,  falls 
past  the  flame  and  condenses  into  stalagmites  in  an  asbestos 
cup.  The  process  represents  a  departure  from  the  more  com- 

monly used  02-H2  flame-fusion  method,  but  Redstone  chem- 
ists are  investigating  both. 

PROPULSION 

JATO  Rockets  to  Undergo  10-year  Test 

The  Navy's  BuWeps  has  accepted  an  advanced  aircraft 
JATO  (Jet  Assist  Takoff)  package,  the  Mk-25,  developed 
by  Rocketdyne  Division  of  North  American  Aviation.  The 
solid-propellant  booster  is  capable  of  reliable  operation 
throughout  the  temperature  range  of  —75"  to  165°F.  Fifty 
motors  will  undergo  a  10-year  storage  program;  five  units 
will  be  withdrawn  each  year  for  test  firing  and  comparison 
of  ballistic  data  with  control  rounds. 

missiles  and  rockets,  October  8,  1962 
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space  systems 

Mariner  B  To  Test  for  Life  on  Mars 

Ingenious  experiment  for  7964  soft  landing 

will  attempt  to  trap,  monitor  microbes 
by  William  Beller 

FOUR  STICKY  STRINGS  and  an 
ingenious  system  for  detecting  signs  of 
microbe  life  comprise  an  experiment 
slated  to  be  aboard  Mariner  B  when  the 
spacecraft  soft-lands  on  Mars  in  1964. 

The  results,  if  positive,  would  be  the 
first  step  in  determining  whether  life 
developed  independently  on  each  planet, 
migrated  from  one  planet  to  another, 
or  arose  from  a  common  source. 

NASA  scientists  chose  Mars  for  the 
experiment  because  it  appears  to  be  the 
planet  best  able  to  support  life  as  it  is 
known  on  Earth — at  least  in  the  ele- 

mental forms. 
Suggestions  of  life  on  Mars  come 

from  spectral  evidence  of  carbon-con- 
taining compounds  in  the  planet's  dark areas,  and  from  seasonal  changes  in  the 

body's  appearance. 
Mars,  moreover,  has  a  fairly  mod- 

erate temperature  range,  from  about 
—  70°C  to  +  25°C,  an  atmosphere  com- 

posed mainly  of  nitrogen  but  with  some 
carbon  dioxide  and  perhaps  traces  of 
water  vapor,  and  a  pressure  of  a  few 
centimeters  of  mercury. 

The  Air  Force  recently  simulated 
a  purported  Martian  atmosphere  and 
demonstrated  that  certain  forms  of  mi- 

croscopic life  could  exist  in  it. 
•  A  life  detector — The  device  that 

will  look  for  life  on  Mars  works  on  the 
principle  that  living  organisms  as  we 
know  them  give  out  carbon  dioxide  dur- 

ing metabolism.  If  this  gas  can  be 
rendered  radioactive,  its  presence  and 
that  of  life  can  be  detected  by  a  radia- 

tion counter. 

Known  as  a  "radioisotopic  biochem- 
ical probe  for  extraterrestial  life,"  the 

instrument  was  developed  by  Resources 
Research  Inc.  of  Washington,  D.C.,  and 
designed  by  American  Machine  and 
Foundry  Co.  in  Alexandria,  Va.  This 
month  AMF  is  assembling  Mod  3  for 
testing.  Earlier  models  have  already 
been  successfully  field-tested  and  im- 
proved. 

The  instrument,  programer  and  as- 
sociated electronics  weigh  about  1V4 

TEST  VERSION  of  radioisotopic  bio- 
chemical probe  developed  by  Resources 

Research,  Inc.,  for  soil  sampling. 

lbs.  A  soil  sample  is  obtained  by  ejecting 
two  50-ft.  lengths  of  silicon-impregnated 
string,  which  is  subsequently  loaded 
with  a  nutrient  tagged  with  radioactive 
carbon  (C14).  The  string,  dirtied  by 
contact  with  the  ground,  is  reeled  back 
into  the  probe.  Organisms  caught  and 
expiring  C140;>  can  be  sensed  by  detec- 

tors, and  the  information  telemetered 
to  Earth. 

The  classical  method  for  determin- 
ing the  presence  of  microbes  is  to  find 

them  visually — either  in  a  growing  cul- 
ture or  through  the  bubbles  they  make 

in  a  liquid  nutrient.  Either  way,  for  a 
small  number  of  cells— 100-200— the 
process  takes  about  24  hours. 

Seven  years  ago,  Gilbert  Levin  (now 
Resources  Research  vice-president), 
working  under  an  Atomic  Energy  Com- 

mission grant,  conceived  a  radioisotope 
method  for  detecting  microbes.  This  re- 

duced the  search  time  for  an  initial  100- 
200  cells  to  a  matter  of  minutes.  The 
technique  is  the  basis  of  the  present 
probe  and  also  is  beginning  to  be  used 
for  testing  water  samples  and  in  medical 
research. 

•  Rabbits  too  few — Main  reason 
for  seeking  Martian  microbes  instead 

of  Martian  rabbits,  for  example,  is  that 
the  lower  organisms  if  present  would 
be  far  more  plentiful — and  perhaps 
easier  to  catch. 

"It's  conceivable  to  have  a  world 

with  bacteria  and  no  animals,"  Levin 
said.  "But  it's  hard  to  have  animals  and 
no  bacteria — if  for  no  other  reason  than 

to  decompose  the  animals." He  explained  that  for  a  first  cut  at 
trying  to  find  extraterrestrial  life  on  a 
planet,  one  must  assume  it  takes  the 
form  of  life  as  we  know  it,  otherwise 
there  is  no  starting  point. 

Furthermore,  Levin  said,  on  Earth 
elephants  as  well  as  algae  operate  on 
the  same  biochemical  cycles  as  the  cellu- 

lar level.  "Life  such  as  this — all  life  as 
we  know  it  on  Earth — produces  gases. 
There  may  be  exceptions,  but  we  have 

not  discovered  any." "Moreover,"  he  added,  "every  physi- 
ological type,  Dr.  Allen  Heim  (Research 

Resources  senior  microbiologist)  tried 
gives  off  CO-j — and  this  includes  photo- 

synthetic  organisms." This  is  the  chief  reason  CO.,  will  be 
sought  by  the  detector  instead  of  some 
other  gases  commonly  produced  during 
the  life  process— hydrogen,  hydrogen 
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sulfide,  ammonia  and  methane. 
Another  advantage  in  using  COo  is 

that  the  half-life  of  the  carbon- 14  con- 
stituent is  quite  long — about  5500  years. 

Since  the  trip  to  Mars  takes  between  250 
and  270  days,  a  very  short-lived  isotope 
would  cause  problems. 

•  Detection  system — The  radioiso- 
tope system  is  well  adapted  for  space 

use.  It  gives  out  a  signal  easily  moni- 
tored and  telemetered.  The  system  is 

also  quite  sensitive:  a  relatively  small 
number  of  beta  particles  can  be  de- 

tected— particles  about  a  trillion  times 
as  small  as  a  bacterium. 

The  C1402  of  metabolism  rises 
through  a  labyrinth  in  the  instrument 
to  a  barium  hydroxide-coated  plate, 
which  forms  the  face  of  the  radiation 
detectors — in  the  latest  model,  Geiger 
counters.  Reacting  with  the  barium  hy- 

droxide, the  carbon  dioxide  precipitates 
out  as  barium  carbonate.  At  the  same 
time,  it  signals  its  presence  through 
beta-particle  decay. 

The  cosmic-ray  radiation  flux  on 
Mars  is  expected  to  be  10  to  50  times 
higher  than  on  Earth  because  of  the 
relatively  thin  atmospheric  sheet  around 
the  red  planet.  This  puts  noise  into  the 
system.  It  may  also  give  an  ambiguous 

DRAWING  SHOWS 

generation  and  de- tection of  gases. 

answer,  since  radiation  detectors  cannot 
tell  the  difference  between  cosmic  and 
beta  rays.  To  overcome  this  problem, 
two  Geiger  tubes  mounted  in  anti- 

coincidence are  used. 
•  The  control — Two  identical  units 

are  to  be  included  in  the  Mariner  B 
capsule — one  of  them  a  control  unit. 
A.  Wendall  Carriker,  AMF  project  en- 

gineer, said  the  logic  circuitry  is  de- 
signed to  establish  which  of  the  two 

units  has  the  lesser  counting  rate  after 

it  is  emplaced  on  Mars,  and  to  "kill" that  one  off  immediately  with  injection 
of  an  antimetabolite.  This  system  has 
the  advantage  of  an  added  safety  feature 
■ — eliminating  the  control  unit  if  one 
of  the  two  units  does  not  work. 

•  Operating  on  Mars — In  Mod  3 
of  the  instrument,  the  nutrient  ampoule 
is  inside  the  spool  around  which  the 
sample  collection  lines  are  wound.  The 
wall  of  the  spool  is  perforated  to  allow 
the  nutrient  or  broth  to  be  absorbed 
by  the  collection  lines  after  the  ampoule 
is  shattered  by  a  coaxially  mounted 
ampoule  breaker. 

At  the  start  of  operations,  two  pro- 
jectiles carrying  the  lines  from  each  unit 

are  fired;  at  the  same  time,  the  line  re- 
trieval motor  is  actuated  to  reel  the 

lines  back  onto  the  spool.  After  the 
lines  are  in  and  the  broth  ampoule  is 
broken,  the  spool  continues  to  turn  for 
a  short  time.  This  improves  both  dis- tribution and  prevents  drippage. 

The  broth-impregnated  string  is  then 
flushed  by  unlabeled  CO,  to  cleanse  it 
of  any  nonmetabolic  tagged  gases.  The 
flushing  gas  is  vented  to  the  atmosphere 
through  the  line -retrieval  ports. 

After  flushing,  the  ports  are  left 
open  to  permit  the  atmosphere  within 
the  chamber  to  equilibrate  with  that 
of  Mars.  Ports  are  then  sealed  and  the 
baffle  valve  between  gas  collector  and 
incubation  chamber  is  opened. 

This  valve  is  said  to  serve  two  pur- 
poses: to  prevent  the  gas  collector  from 

picking  up  nonmetabolic  tagged  and 
flushing  gases;  and  to  act  as  a  baffle 
to  prevent  the  radiation  detector  from 
monitoring  beta  particles  coming  from 
liquid  broth  in  the  chamber. 

With  the  baffle  valve  open  and  the 
retrieval  port  closed,  the  system  is  sealed 
and  ready  to  monitor  metabolically evolved  gases. 

The  antimetabolite  liquid — needed 
for  the  control  unit — is  one-tenth  the 
volume  of  the  broth  ampoule  and  is 
similarly  injected  into  the  incubation 
chamber.  The  antimetabolite  ampoule 
is  mounted  coaxially  with  the  spool. 
When  a  squib  is  actuated,  the  ampoule 
is  broken  and  the  travel  of  the  driver 
pushes  the  antimetabolite  and  ampoule 
fragments  into  the  center  of  the  spool. 

The  present  model  has  been  modi- fied so  that  it  performs  in  all  attitudes. 
It  also  can  withstand  sterilization  temp- 

eratures up  to  145°C  for  26  hours. 
These  temperatures  preclude  semicon- 

ductors, with  their  weight  and  power  ad- 
vantage, being  used  as  beta  detectors. 

•  Life  may  be  concentrated — Even 
if  the  results  of  the  experiment  are 
negative,  this  would  not  necessarily 
mean  Mars  is  lifeless.  There  might  be 
areas  of  organic  matter  concentration. 

These  possibilities  were  raised  by 
Nobel  Laureate  Joshua  Lederberg  of 
Stanford  University,  and  Carl  Sagan, 

until  recently  at  the  University  of  Cali-' fornia  at  Berkeley,  in  the  September 
Proceedings  of  the  National  Academy 
of  Sciences. 

The  two  scientists  reason  that  if  sub- 
stantial amounts  of  moisture  are  frozen 

into  the  subsoil  on  Mars,  as  many  as- 
tronomers have  suggested,  openings  in 

the  planet's  crust  that  puff  forth  steam 
and  gas — localized  geothermal  activity 
— could  yield  the  combination  of  mois- 

ture and  warmth  necessary  for  life 
forms  to  survive  and  proliferate. 

"Such  hot  spots,"  the  scientists  say, 
"should  be  accompanied  by  local  out- 

gassing  and  by  higher  water-vapor  pres- sures in  the  overlying  atmosphere, 

making  these  locales  much  more  fa- 
vorable microenvironments  for  life."  8 
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november  26  MISSILES  &  ROCKETS  SECOND  ANNUAL  NASA  ISSUE 

During  the  months  following  November,  the  National  Aeronautics  and  Space  Administration  will 

make  final  procurement  and  development  decisions  on  many  major  programs:  Aeros/ Advanced 

Relay/Nova  Super  Booster/ Advanced  Syncomj 'Lunar  Logistics  Supply  Vehicle/Lunar  Exploration 
Module  for  the  Apollo  Spacecraft.  Each  program  means  millions  of  dollars  to  be  spent  in  the  missile/ 

space  industry. 

M/R's  editorial  task  force  will  visit  NASA  headquarters  and  each  field  center  to  gather  in-depth 

information  on  the  space  agency  s  present  and  future  programs /budget  breakdowns  and  projections/ 

future  contracting  procedures /development  and  launch  schedules /new  technical  requirements / prime 

and  sub-contracting  opportunities. 

Advertisers  in  this  issue  will  benefit  from  systems-oriented  editorial  coverage  of  all  NASA's  program 

and  project  developments  .  .  .  4.0,106  current  paid  circulation  .  .  .  1000  bonus  circulation  to  key 

NASA  personnel  .  .  .  readership  by  the  NASA  executives  making  the  procurement  decisions. 

Buy  proven  performance.  NASA  purchased  60,000  reprints  of  M/R's  highly 
successful  first  NASA  issue,  published  in  November,  1961 

Advertising  closing  date:  november  5,  1962 

issue  date:  november  26,  1962 
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soviet  affairs 

high  temperature  valve 

( —  and  modified,  up  to  2200°  F.) 

for  handling  metal  vapors, 

molten  metals,  hot  gases 

and  fuels  — 

A  few  short  years  ago  900 ;  F.  was  considered 
"high"  temperature.  Since  then  the  needs  of 
the  aero-space  and  nuclear  industries  have 
pushed  the  "limits"  steadily  upwards. 

Valcor's  technological  growth,  over  the  years, 
has  allowed  it  to  transcend  these  frontiers. 

Series  420  is  the  result.  Th'is(is  not  a  theo- 
retical or  "paper"  design.  These  are  production 

valves.  As  illustrated,  it  is  used  by  industry  for 
1500"  F.  applications.  In  a  modified  form  it  is 
being  used  for  2200'  F.  service. 

Series  420  can  be  actuated  directly  or  re- 
motely— pneumatically,  electrically  or  manually. 

It  is  a  floating  shear  seal  type  of  valve  with 
straight  through  flow  which  can  be  modulated. 

For  complete  details  on  this  and  other  valve 
series,  write  today  for  Catalog  M  109. 

VALCOR  ENGINEERING  CORP. 
5362  CARNEGIE  AVE.,  KENILWORTH,  N.  J.,  CH  5-1665  (AREA  CODE  201) 

By  Dr.  Albert  Parry 

Electric  Energy  From  the  Moon 
may  in  the  future  be  relayed  by  man  to  the  Earth, 
Academician  Nicholas  N.  Semyonov,  Soviet  chemist 
and  Nobel  Prize  winner  declared  in  a  speech  de- 

livered in  Moscow  at  the  recent  International  Sym- 
posium on  Higher  Education.  "The  Moon's  area  is 

16  times  smaller  than  that  of  the  Earth."  Semyonov 
said.  "Due  to  the  absence  of  an  atmosphere,  each unit  of  lunar  surface  receive  three  times  the  amount 
of  the  solar  radiation  received  by  a  corresponding 
unit  of  the  Earth's  surface."  This  means  that  the  solar 
energy  received  by  the  Moon  "equals  the  energy 
falling  upon  all  the  continents"  of  the  Earth.  And  so, 
"should  we  succeed  in  covering  the  Moon's  entire 
surface  with  semiconductors-photoelements  that  would 
have  a  fairly  large  ratio  of  usefulness  in  transforma- 

tion of  ray  energy  into  electric  energy,  and  should 
we  find  methods  of  relaying  the  latter  to  the  Earth 
(perhaps  with  the  aid  of  guided  radio-beams),  then the  Moon  could  in  the  future  become  an  electric 
powerhouse  for  the  Earth  with  a  capacity  of  several 
tens  of  trillions  of  kilowatts."  Professor  Semyonov 
adds  that  the  Earth's  nuclear  and  hydronuclear  power- 

houses may  in  the  future  be  transferred  to  the  Moon, 
"so  as  to  relieve  the  Earth  from  radioactive  poisoning 

completely." 

'Biological  Rhythms  and  Cosmonautics' 
is  the  title  of  a  lengthy  discussion  by  Yu.  Fedotov,  a 
candidate  of  the  medical  sciences,  and  Ye.  Yudin,  a 
physician,  in  Krasnaya  Zvezda,  the  daily  organ  of  the 
Soviet  armed  forces.  Humans  and  higher  animals 
have  singular  biological  rhythms,  regulated  by  their 
nervous  systems,  and  varying  with  different  times  of 
day  and  night  as  well  as  with  the  course  of  the  week. 
Changes  of  body  temperature,  blood  pressure,  pulse, 
and  pace  of  breathing  are  all  part  and  parcel  of 
biological  rhythms.  Man's  lowest  body  temperature 
(for  instance)  occurs  at  3  or  4  o'clock  in  the  morning, 
when  humans  react  particularly  keenly  to  lower  tem- 

peratures outside  their  bodies  (they  shiver  unduly). 
Physiological  and  psychological  functions  change  also 
from  day  to  day,  slowing  down  toward  the  working 
week's  end.  The  two  Soviet  authors  write:  "All  these 
peculiarities  of  the  biological  rhythm  of  the  human 
organism  have  a  direct  relation  to  the  organization  of 

a  rational  regime  for  cosmonauts'  toil  and  rest." Cosmonauts  Titov,  Nikolayev,  and  Popovich  were 
subject  to  the  inner  "clockwork"  of  their  earthly 
rhythms  even  as  they  traveled  in  outer  space  where 
"they  saw  sunrise  tens  of  times  more  often  than  we 
did  on  Earth  during  the  same  period  of  time."  For 
better  performance  in  outer  space,  future  cosmonauts 
may  have  to  submit  to  an  artificial  change  of  their 
biological  rhythms.  Already  by  now  "physicians  and biologists  have  carried  out  a  multitude  of  experiments 
on  animals  to  produce  in  them  a  biological  rhythm 
different  from  the  one  they  possess."  Future  cosmo- nauts may  learn  different  rhythms  quite  easily;  the 

change  in  rhythms,  "connected  with  the  cosmonauts' physical  endurance  and  their  high  qualities  of  morals, 
morale,  and  willpower,  will  aid  in  man's  further  con- 

quest of  outer  space." 28 Circle  No.  9  on  Subscriber  Service  Card missiles  and  rockets,  October  8,  1962 
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INTRODUCING  THE  MOST  VERSATILE 

COMPUTER  FOR  DYNAMIC  SYSTEMS 

SIMULATION 

EAI  HYDAC  Computer,  Series  2000,  introduces  a  new  dimension  to  computer  simulation  by  combining  analog  and  digital 
operation  into  one  integrated  system.  HYDAC  achieves  a  computational  efficiency  well  beyond  the  limits  of  either  analog  or 
digital  computers  alone.  Moreover,  it  offers  an  economical  alternative  to  tying  a  complete  data  processing  computer  to  an  analog 
computer  for  hybrid  computation. 

HYDAC  combines  two  major  sub-systems;  the  well-known  PACE®  Series  23 1 R  General  Purpose  Analog  Computer  and  the  new 
Series  350  Digital  Console.  The  normal  analog  operations  of  summation,  inversion,  continuous  integration,  multiplication,  division 
and  function  generation  are  performed  by  the  analog  computer  while  the  digital  system  provides  high-speed  logic,  switching  and 
memory  capability.  All  digital  operations  are  accomplished  by  solid-state,  general  purpose,  modular  building  blocks  inter- 

connected by  the  proven  prepatch  panel  system.  HYDAC  programming  follows  simple  analog  principles,  making  extensive 
retraining  of  analog  programmers  unnecessary. 
HYDAC  vastly  increases  the  range  of  dynamic  simulations  that  can  be  performed  by  computers.  Such  applications  include  itera- 

tion and  optimization  studies,  partial  differential  equation  solutions,  simulation  of  logic  functions,  transport  delay  and  other 
auxiliary  mathematical  functions  as  well  as  high-speed  incremental  computation.  Full  information  on  HYDAC,  the  new  computer 
for  dynamic  simulation,  can  be  obtained  by  writing  for  Bulletin  HC  6238.  HYDAC  h  a  trademark  of  EAI. 

EAI ELECTRONIC  ASSOCIATES,  INC.  Long  Branch,  New  Jersey 
Circle  No.  3  on  Subscriber  Service  Card 
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management 

Army's  New  Electronics  Command 

Now  Operational  at  Ft.  Monmouth 

Broad  reorganization  expected  to  aid  Army-industry  team; 

budget  is  likely  to  climb  close  to  $1  billion  per  year 
by  Michael  Getler 

Key  R&D  Contacts  in  New  Command 

USAERDA 
U.  S.  ARMY  ELECTRONICS  RESEARCH  &  DEVELOPMENT  AGENCY 

Fort  Monmouth,  N.  J. 
(Formerly:  U.  S.  Army  Signal  Research  and  Development  Agency) 

Conduct  continuing  research  in  all  fields  of  physical  science  leading 
to  the  development  of  new  techniques,  and  the  design  and  improve- 

ment of  communications,  radar,  automatic  data  processing,  combat 
surveillance,  electronic  warfare,  electronic  countermeasures,  radio- 

logical, meteorological,  photographic,  drones,  and  other  surveillance 
equipment,  related  components,  and  special  electronic  and  solid  state 
devices;  and,  within  established  national  policy,  equipment,  materiel, 
and  systems  for  communications  security;  perform  such  classified  mis- 

sion as  may  be  assigned. 

Industrial  Liaison  Engineer 
USAERDA 
Hexagon  Building 
Fort  Monmouth,  N.  J. 

Tel.  535-2240 

Chief,  Field  Station,  West  Coast  Office 
USAERDA 
Bldg.  13,  75  So.  Grand  Ave. 
Pasadena  2,  Calif.         Tel.  SY  6-741  1 

USAERDA 

U.  S.  ARMY  ELECTRONICS  RESEARCH  &  DEVELOPMENT  ACTIVITY 
White  Sands,  N.  M. 

(Formerly:  U.  S.  Army  Signal  Missile  Support  Agency) 
Conduct  continuing  research  and  development  techniques,  equip- 

ment, systems,  and  devices  in  the  fields  of  missile  electronic  warfare, 
missile  surveillance,  environmental  sciences,  range  instrumentation, 
range  communications  and  data  transmission,  airborne  instrumenta- 

tion, and  other  geophysical  equipment;  conduct  missile  vulnerability 
investigations,  studies,  operations,  and  coordinate  the  guided  missile 
electronic  countermeasures  effort  of  the  Electronics  Command;  provide 
meteorological  support  for  the  research  and  development  activities 
of  the  United  States  Army;  conduct  radio  frequency  compatibility investigations. 

Director  of  Research 
USAERDA 
White  Sands,  New  Mexico 

Tel.  White  Sands  Missile 
Range,  Ext.  3110 

USAERDA 

U.  S.  ARMY  ELECTRONICS  RESEARCH  &  DEVELOPMENT  ACTIVITY 
Fort  Huachuca,  Arizona 

(Formerly:  U.  S.  Army  Electronics  Proving  Ground) 
Conduct  research  and  development  of  materiel  as  directed,  to  in- 

clude special  research  in  the  field  of  micromeleorology.  Provide  me- 
teorological service  in  support  of  the  Army  R&D  programs.  Exercise 

technical  supervision  and  administrative  control  over  worldwide  Signal Corps  Meteorological  Teams.  Maintain  liaison  with  elements  of  the 
Combat  Developments  Command  and  the  Test  and  Evaluation  Command 
and  provide  data  concerning  activities  of  these  organizations  to  the 
appropriate  staff  element  of  the  Electronics  Command.  Conduct  ac- 

ceptability tests  of  materiel  which  require  use  of  the  special  electronic, 
environmental,  climatic  or  special  conditions  peculiar  to  the  surround- 

ing area. 

Industrial  Liaison  Officer 
USAERDA 
Fort  Huachuca,  Arizona 

Tel.  GL  8-331  1,  Ext.  2326 
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Ft.  Monmouth,  N.  J. — The  Army's new  Electronics  Command,  born  with 
the  sweeping  technical  service  reorgan- 

ization which  began  early  this  year,  has 
moved  into  operational  status  here. 

The  Electronics  Command,  headed 
by  Maj.  Gen.  Stuart  S.  Hoff,  former 
chief  of  R&D  in  the  Office  of  the  Chief 
Signal  Officer,  joins  four  other  so-called 
"middle  management"  commodity  com- 

mands previously  set  up  by  the  Army 
and  already  operational — Missiles,  Mu- 

nitions, Weapons  and  Mobility.  Each 
of  the  five  commands  reports  directly  to 
Lt.  Gen.  Frank  S.  Besson,  Jr.,  com- 

manding general  of  the  newly  created 
Army  Material  Command. 

Electronics,  headquartered  here  but 
also  encompassing  major  facilities  at 
Philadelphia,  White  Sands,  N.  M.,  and 
Ft.  Huachuca,  Ariz.,  and  smaller  offices 
and  agencies  elsewhere,  will  have  broad 
responsibility  for  virtually  the  entire 
Army  electronics  effort.  This  includes 

radar,  communications,  electronic  war- 
fare and  surveillance  systems,  and  data 

processing  equipment  (see  accompany- 
ing charts  for  complete  breakdown  of 

interest  areas  and  facilities). 
Funding  by  the  new  command  is 

expected  to  range  between  $0.7  and  1 
billion,  according  to  Army  estimates. 
The  split  between  R&D  and  production 
monies  is  expected  to  be  roughly  in 
balance.  For  the  current  fiscal  year, 
though  firm  figures  are  not  yet  avail- 

able, it  is  estimated  that  funding  will 
fall  closer  to  the  lower  end  of  the  range. 
In  the  future — barring  major  changes 
in  international  situations  and  technical 
breakthroughs  requiring  new,  immedi- 

ate, and  heavy  funding — the  command 
is  likely  to  experience  small  but  steady 
budget  gains  pushing  the  figure  closer  to 
the  $1 -billion  mark. 

Relationship  with  the  Office  of  Chief 
Signal  Officer  will  be  one  of  close  liai- 

son, according  to  Army  officials,  with  the 

former  boss  of  much  of  the  Monmouth 
complex  now  serving  as  chief  electronics 
advisor  to  the  Army  staff.  The  new  com- 

mand will  assume  all  material  functions 
previously  undertaken  by  the  Chief  Sig- 

nal Officer  and  also  portions  of  those  of 
the  Chief  of  Ordnance. 

With  establishment  of  Electronics 
Command,  responsibility  for  research, 
development,  procurement,  and  produc- 

tion of  Army  electronics  material  now 
falls  to  a  single  command — eliminating 
independent  control  of  R&D  and  pro- 

duction which  existed  previously. 
•  Army-Industry  benefits — For  the 

Army,  and  the  electronics  industry  do- 
ing business  with  it,  several  benefits 

should  accrue  from  this  arrangement: 
—  Under  the  new  structure,  key  per- 
sons responsible  for  the  R&D  phase  of 

a  project  will  stick  with  it  through  pro- 
curement and  production  phases  to  com- 

peltion,  insuring  a  smoother  transition 
where  roadblocks  had  been  common. 

USAEMA  Small  Business  Procurement 

USAEMA 
U.  S.  ARMY  ELECTRONICS  MATERIEL  AGENCY 

Philadelphia,  Pa. 
(Formerly:  U.  S.  Army  Signal  Supply  Agency) 

Supply  the  equipments,  maintenance  tools  and  parts  required  to 
support  the  electronics  systems  of  the  Army  and  such  federal  and 
foreign  establishments  as  authorized;  exercise  worldwide  centralized 
supply  control  over  electronics  equipment  and  maintenance  parts;  pro- 

cure materiel  and  services  required  for  the  electronics  portion  of  the 
Army  Supply  System;  assure  that  electronics  items  delivered  by  con- 

tractors meet  specified  quality  standards;  plan  for  maintenance  of  a 
production  base  which  will  assure  an  adequate  supply  of  electronics 
materiel  in  the  event  of  mobilization. 

Small  Business  and  Labor  Surplus  Advisor 
USAEMA 
225  So.  1  8th  Street 
Philadelphia  3,  Pa. 

Tel.  Kl  6-3200,  Ext.  749 

FORT  MONMOUTH  PROCUREMENT  OFFICE 
Small  Business  and  Labor  Surplus  Advisor 
Fort  Monmouth  Procurement  Office,  USAEMA 
Bldg.  2525 
Fort  Monmouth,  New  Jersey  Tel.  535-1729 

FORT  HUACHUCA  PROCUREMENT  OFFICE 

Small  Business  and  Labor  Surplus  Advisor 
Fort  Huachuca  Procurement  Office,  USAEMA 
Fort  Huachuca,  Arizona 

Tel.  GL  8-331 1,  Ext  3917 

WESTERN  REGIONAL  OFFICE 

Small  Business  and  Labor  Surplus  Advisor 
Western  Regional  Office,  USAEMA 
125  So.  Grand  Avenue 
Pasadena  2,  Calif.  Tel.  SY  6-0471,  Ext.  663 

MIDWESTERN  REGIONAL  OFFICE 

Small  Business  and  Labor  Surplus  Advisor 
Midwestern  Regional  Office,  USAEMA 
400  So.  Jefferson  St. 
Chicago  7,  Illinois  Tel.  AN  3-0234,  Ext.  106 

WASHINGTON  PROCUREMENT  OFFICE 

Small  Business  and  Labor  Surplus  Advisor 
Washington  Procurement  Office,  USAEMA 
Main  Navy  Building 
Washington  25,  D.  C.  Tel.  OX  6-7802 
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—Technical  personnel  will  be  closer, 
in  most  cases,  to  contract  offices. 

—Firms  with  R&D  contracts  will 
deal  with  the  same  agency  where  a  pro- 

duction follow-on  is  awarded. 

—In  general  it's  hoped  that  joining 
development  and  procurement  respon- 

sibilities within  a  single,  responsible 
commodity  command  will  lead  to  easier 
contact  and  liaison  with  industry,  uni- 

formity in  contract  and  procurement 
procedures,  quicker  response  to  indus- 

try proposals  and  user  needs,  elimi- 
nation of  industrial  dealings  with  sev- 

eral agencies,  and  improvement  in  over- 
all integration  within  technologies. 
Gen.  Hoff  emphasizes  that  despite 

the  changes  within  the  Army  structure, 
the  procurement  routes  for  electronics 
firms  doing  business  with  Ft.  Mon- 

mouth or  other  installations  will  remain 
relatively  undisturbed.  The  same  offices 
and  personnel  (where  service  tours  per- 

mit) will  handle  industry  contracts.  It 
should  also  be  noted  that  firms  already 
on  the  bidders'  list  need  not  re-register with  the  new  command. 

To  introduce  the  command  and  its 

functions  to  industry,  Army  officials 
sponsored  an  industrial  conference  at 
Monmouth  Oct.  2. 

Though  economies  may  arise  through 
new  management  efficiency,  Gen.  Hoff 
told  M/R  that  the  goal  of  the  move  is 
primarily  one  of  developing  a  more 

rapid  response  to  the  Army's  electronics needs  and  not  as  much  motivated  by 
fiscal  advantages. 

•  Project  managers  used — Key  to 
management  techniques  will  be  the 
string  of  project  managers  and  project 
officers,  who  with  varying  degrees  of 
responsibility,  will  control  all  phases 
of  particular  projects  or  technical  com- 

modity developments.  This  technique, 
while  new  to  the  Army,  has  been  suc- 

cessfully employed  by  other  services. 
The  project  managers,  of  whom 

there  are  already  five  at  Monmouth,  will 
have  complete  command  and  control 
over  all  resources  delegated  to  the  par- 

ticular project.  Project  officers,  operat- 
ing within  the  command's  product  man- 

agement staff,  will  have  the  same  basic 
job  but  will  act  solely  in  a  recommend- 

ing capacity. 

MAJ.  GEN.  STUART  S.  HOFF 

".  .  .  a  more  rapid  response  to  the  user." 
Project  managers  recently  assigned 

to  the  Monmouth  headquarters  will  han- 
dle the  AN/USD-2  and  USDS  drone 

programs,  RADAS  (Random  Access 
Discreet  Address  System),  CCIS-70 
(Command  Control  Information  Sys- 

tem), and  two  tactical  radio  systems.  8 

Addresses  of  Command  Field  Offices 

USAEMSA 
U.  S.  ARMY  ELECTRONICS  MATERIEL  SUPPORT  AGENCY 

Fort  Monmouth,  New  Jersey 
(Formerly:  U.  S.  Army  Signal  Materiel  Support  Agency) 

Provide  engineering  specifications  for  procurement  of  electronics 
equipment.  Perform  or  monitor  preproduction  testing  and  qualification, 
component  approval  and  informatory  testing.  Provide  maintenance 
engineering  support  and  establish  the  allocation  of  tools,  maintenance 
and  test  equipment,  and  repair  parts;  plan  and  produce  technical 
and  maintenance  literature  for  users  of  all  electronic  equipment.  Ad- 

minister the  Contract  Technical  Assistance  Program,  worldwide. 

Technical  Operations  Officer 
USAEMSA 
Bldg.  T-l,  Coles  Area 
Fort  Monmouth,  N.  J. 

Tel.  898-1423 

USAADEA 
U.  S.  ARMY  AIR  DEFENSE  ENGINEERING  AGENCY 

Fort  Meade,  Md. 
(Formerly:  U.  S.  Army  Signal  Air  Defense  Engineering  Agency) 
Within  the  assigned  responsibilities  of  the  Electronics  Command 

to  support  the  Air  Defense  mission  of  the  Department  of  the  Army, 
provide  engineering  and  associated  services  in  the  research,  design, 
and  development  of  electronic  equipments,  devices,  and  systems,  to 
include  technical  coordination  with  user  commands  and  interservice 
and  Government  groups  to  assure  optimum  fulfillment  of  operational 
requirements  and  achievement  of  compatibility  with  other  related  sys- 

tems. Responsible  in  the  above  field  for  the  technical  and  administra- 
tive management  of  functions  incident  to  the  fulfillment  of  this  mission. 

Commanding  Officer 
USAADEA 
Fort  Meade,  Md. 

Tel.  OR  4-7141,  Ext.  6131 

USAAFO 

U.  S.  ARMY  AVIONICS  FIELD  OFFICE 
St.  Louis,  Mo. 

(Formerly:  U.  S.  Army  Signal  Avionics  Field  Office) 
Serve  as  the  Electronics  Command  representative  to  the  Mobility 

Command  for  resolution  of  logistical  problems  involving  electronic 
equipment  pertaining  to  the  Army  Aviation  Program  and  the  Army 
Surface  Transport  Programs.  Conduct  logistical  evaluations  of  Army 
avionics  equipment  and  electronic  equipment  applicable  to  Army aircraft,  rail  and  marine  items. Tel.  MA  1-6426,  Ext.  2559 

- 
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The  Industry  Week 

Industry  Fights  GAO  Charges 

Lear  Siegler,  Inc.  has  responded  strongly  to  a 
General  Accounting  Office  claim  of  $100,300  in 
unnecessary  costs  under  a  negotiated  contract 
for  Bomarc  missiles. 

J.  M.  Walsh,  president  of  Lear  Siegler's  In- 
struments Div.,  stated  that  though  "GAO  is  in 

full  possession  of  the  facts,  the  information 
appearing  in  print  is  not  in  accordance  with  those 

facts." In  a  report  to  Congress,  GAO  said  Lear,  Inc., 
quoted  prices  in  a  1958  subcontract  that  were 
higher  than  recent  cost  experience  warrants. 
Boeing  Co.  included  the  Lear  prices  without  ade- 

quate review  in  its  proposed  initial  estimate  for 
a  prime  contract  with  the  Air  Force,  the  report 
charged.  According  to  GAO,  AF  reviewers  also 
failed  to  check  the  figures  carefully  before  ap- 

proving them.  Lear  denied  this. 
"As  a  matter  of  fact,"  Walsh  noted,  "by 

efficient  programing,  engineering  and  manufac- 
turing methods,  Lear  voluntarily  reduced  its 

prices  to  the  prime  contractor,"  producing  sav- 
ings of  about  $1  million.  Walsh  estimated  Lear's 

actual  profit  for  the  job  at  less  than  5%  before 
taxes  .  .  .  In  another  incident,  GAO  clashed  with 
Chrysler  Corp.,  claiming  the  Army  could  have 
saved  $5.7  million  on  a  Chrysler  Redstone  and 
Jupiter  contract.  If  the  Army  had  bypassed 
Chrysler  to  deal  directly  with  contractors,  it 
could  have  saved  $4-6  million  on  rocket  engines, 
GAO  said.  The  accounting  office  maintained  that 
over  $1  million  in  Chrysler  administrative  fees 
also  was  unnecessary.  Chrysler  argues  that  pro- 

cedures used  were  the  only  way  to  meet  accel- 
erated schedules  and  were  best  suited  to  needs 

of  the  program  .  .  .  Sources  in  government  and 
industry  say  GAO  attacks  on  firms  for  "undue" 
charges  are  part  of  a  campaign  for  more  effi- 

cient accounting  procedures.  "It  is  part  of  a  move 
for  better  management,"  one  source  said,  "but 
the  contractor — especially  the  small  subcontrac- 

tor— is  the  one  who  unjustly  suffers  from  the 
campaign." 

Hathaway,  Continental  Change  Hands 

Lionel  Corp.  has  contracted  to  sell  the  physi- 
cal assets  and  inventory  of  its  Denver-based 

subsidiary,  Hathaway  Instruments,  Inc.,  for  more 
than  $2  million.  Gulf-Southwest  Capital  Corp., 
Houston,  heads  a  group  of  investors  buying  the 
firm.  A  spokesman  for  Lionel  implied  that  the 
company  is  shedding  some  functions  to  concen- 

trate on  production  of  electronic  components, 
certain  electromechanical  devices,  and  other 
products. .  .  .  In  a  separate  transaction,  Industrial 
Tectonics,  Inc.,  precision  bearing  manufacturer, 
bought  Continental  Bearing  Research  Corp.,  New 
York  City,  which  will  be  renamed  ITI's  Fluid, 
film  bearing  Div.  The  purchasing  company  has 
headquarters  in  Compton,  Calif. 

New  Facilities 

The  first  actual  move  toward  building  Com- 
plex 39  at  Canaveral  has  come  with  an  Army 

Corps  of  Engineers  request  for  bids  on  dredging 
a  Banana  River  channel  from  the  Merritt  Island 
barge  canal  to  the  site.  The  260-day  project  will 
require  dredging  9  million  cu.  yds.  of  material 
to  create  the  125-ft.-wide,  10-ft.  deep  channel 
through  which  C-5  Saturns  will  move  on  barges 
to  the  assembly  line.  Bids  will  open  Oct.  25  for 
the  job,  which  is  expected  to  cost  about  $4  mil- 

lion. .  .  .  Four  New  York  firms  have  won  a  Corps 
of  Engineers  contract  to  prepare  design  criteria 
for  the  Complex  39  vertical  assembly  building. 
Cost  of  the  48-story  structure  may  reach  $85 
million.  .  .  .  Space  Technology  Laboratories,  Inc., 
has  established  a  Florida  division  at  Cocoa 
Beach.  Major  elements  of  the  new  division  will  be 
launch  and  engineering  analysis  operations.  .  .  . 
Cornell  Aeronautical  Laboratory  of  Buffalo  will 
open  a  new  Washington  Projects  Office  in  Arling- 

ton, Va.  Aimed  at  establishing  more  direct  tech- 
nical liaison  with  government,  the  office  will  draw 

personnel  from  Cornell's  combat  surveillance 
project,  also  in  Arlington.  .  .  .  Garrett-AiRe- 
search  of  Los  Angeles  has  consolidated  its  aero- 

space medicine  and  bioastronautics  activities  to 
form  a  new  life  sciences  department.  Aerospace 
medical  director  James  Waggoner  will  head  the 
new  unit's  research  in  the  life  sciences  and 
projects  concerning  analysis  of  human  and  ani- 

mal reactions  during  advanced  space  flights.  .  .  . 
Air  Force  take-over  of  a  $500,000  addition  to  the 
Sunnyvale,  Calif.,  Satellite  Test  Center  next 
month  will  involve  moving  some  military  person- 

nel from  the  nearby  Lockheed  Missiles  &  Svace 
Co.  plant.  The  6594th  Aerospace  Test  Wing, 
which  operates  the  center,  handles  test  shots  of 
Discoverer,  MIDAS,  SAMOS,  and  other  AF  satel- 

lite systems. 

Signed,  Sold,  Delivered 

The  Atomic  Energy  Commission  has  named 
suppliers  of  atomic  fuel  for  nuclear  rocket  devel- 

opment. They  are :  United  Nuclear  Corp. ;  Metals 
&  Controls,  Inc.,  subsidiary  of  Texas  Instruments, 
Inc.;  The  General  Atomic  Div.  of  General  Dy- 

namics Corp. ;  National  Carbon  Co. ;  and  Aerojet- 
General  Corp.  .  .  .  New  orders  totaling  $1.8  mil- 

lion for  safing-and-arming  devices  for  Minuteman 
brings  its  total  order  volume  for  such  items  in 
the  past  year  to  about  $4-3  million,  Bulova  Re- 

search and  Development  Laboratories  says.  .  .  . 
Schjeldahl  Co.  Northfield,  Minn.,  has  received  a 
$200,000  contract  from  NASA  for  fabrication  of 
two  135-ft.-dia.  inflatable  communication  "Satel- 
loons."  Project  will  require  about  six  months.  .  .  . 
Martin  Co.  at  Orlando,  Fla.,  has  accepted  from 
Electronic  Specialty  Co.  a  mobile  instrumented 
support  system  van,  to  be  used  for  checkout  of 
Pershing  missiles. 
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products  and  processes 
proof,  scratch-proof  area  connection  is 
mandatory.  Where  multiple  contacts  are 
to  be  made  in  one  plane,  the  suppleness 

of  Snails  make  this  possible  with  a  mini- mum of  total  pressure. 
Circle  No.  228  on  Subscriber  Service  Card 

Electron  Beam  Machine 

An  electron  beam  machine  that  can 
both  cut  and  weld  has  been  developed 
by    Hamilton    Standard    division  of 

New  Product  of  the  Week: 

Fiber  Tension  Control  Servo 

A  completely  mechanical  servo 
mechanism  for  controlling  payout  ten- 

sion on  spools  of  fiberglass  roving  and 
tape,  dry  or  pre-impregnated,  is  avail- 

able from  Compensating  Tension  Con- 
trols, Inc.  The  unit  holds  a  roving  pack- 

age up  to  10  in.  diameter  by  10%  in. 
long  and  weighing  up  to  50  lbs.  Two 

Circle  No.  225  on 

ranges  arc  available,  0-5  lbs.  for  wet 
winding  and  5-15  lbs.  for  pre-pregs. 
Tension  is  held  to  ±2.5%  of  the  initial 
tension  setting,  maintained  from  full  to 
empty  spool.  Tension  is  infinitely  ad- justable within  the  specified  ranges.  A 
fluid  damping  system  is  provided  and 
the  damping  amount  can  be  regulated. 

Subscriber  Service  Cord 

Laser  Crystals 

"Guaranteed-to-lase"  single  crystals 
of  neodymium-doped  calcium  tung- 
state  are  being  marketed  by  Airtron, 
div.  of  Litton  Industries.  The  crystals 
available  with  dopant  levels  to  1.0%  are 
offered  as  ray  crystals,  rough-ground 
rods,  or  polished  ready  for  use.  Crystal 
orientation  is  available  on  either  the 
"A"  or  "C"  axis,  and  in  special  shapes. 

Circle  No.  226  on  Subscriber  Service  Card 

Vacuum  Diffusion  Pump 

A  high-vacuum  diffusion  pump  is 
available  from  Consolidated  Vacuum 
Corp,  with  a  speed  of  18,000  L/sec. 
The  PMC- 18000  is  designed  for  use  in 
vacuum  metallizing,  electron  beam  melt- 

ing, environmental  testing,  and  a  variety 
of  other  high-vacuum  applications. 

The  pump  has  an  insulated  top  noz- 
zle which  results  in  an  extremely  low 

backstreaming  rate.  The  nozzle  requires 
no  coolant  and  hence  no  internal  cool- 

ing connections. 
Circle  No.  227  on  Subscribe!  Service  Card 
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Novel  Electrical  Connector 

The  Snail,  a  novel  connector  from 

Pylon  Co.,  consists  of  a  resilient,  con- 
ductive elastomer  cylinder  that  pro- 

trudes slightly  from  a  loose-fitting  con- 
tainer. The  elastomer  cylinder  is  free 

to  expand  radially  while  compressed 
axially,  so  that  when  connection  is 
made,  a  gentle,  positive,  true  area  con- tact is  achieved. 

Originally  designed  for  use  in  the 
electroluminescent  lamp  field,  Snail 
connectors  are  ideal  for  making  contact 
with  any  thin  film  where  a  vibration- 

United  Aircraft  Corp.  The  combination 
was  designed  primarily  for  fabricating 
and  assembling  microminiature  elec- 

tronic devices  and  can  work  all  metal- 
lic materials  and  many  non-metals  such 

as  ceramics  and  glass.  Electrons  shot 
from  its  gun  pack  10-billion  watts  of 
power  per  square  inch  and  the  electron beam  is  focused  down  to  a  spot  less 
than  0.0005-in.  diameter. 

Circle  No   229  on  Subscriber  Service  Cord 

Thermoelectric  Cooler 

Miniature  two-stage  thermoelectric 

coolers  capable  of  achieving  97°C  delta- T  are  being  manufactured  by  Pesco 
Products  Div.,  Borg-Warner  Corp.  The 
Pesco  Model  094618  thermoelectric 
cooler  is  0.65-in  high  without  the  en- 

closure, and  is  designed  to  operate  over 
a  wide  range  of  hot  junction  tempera- 

tures up  to  100°C.  During  operation  in 
a  vacuum  of  10-°  torr,  a  no-load  cold 

junction  temperature  of  —  70°C  is  main- tained when  using  a  hot  junction  tem- 

perature of  27°C. The  unit  is  available  as  a  package, 
with  a  vacuum  enclosure  fabricated  of 
either  glass  or  Kovar  and  fitted  with  a 
sapphire  window.  A  single  pair  of  leads 
is  used  for  the  input  power  of  10  am- 

peres at  0.18  volt  dc.  Other  leads  are 
provided  for  a  detector,  thermocouple, 
or  other  devices  to  be  mounted  within 
the  enclosure. 

Circle  No.  230  on  Subscriber  Service  Card 
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The  information  behind  such  decisions  is 

incredibly  complex.  In  volume,  in  vari- 
ables, in  interrelationships.  And  each 

decision  itself  may  affect  world-wide  or 
continental  forces  and  events.  In  making 

operational  decisions,  today's  commanders 
and  governmental  leaders  use  systems 

which  provide  information  processing  as- 
sistance. Developing  these  huge  man- 

machine  systems  is  the  work  of  scientists, 
engineers,  and  computer  programmers  at 
System  Development  Corporation.  Their 
concern  is  system  development,  not  hard- 

ware development.  They  consider  the 

interaction  and  effect  of  men,  doctrine, 

tradition,  training;  of  organizations,  chains- 
of-command  and  chains-of-succession;  of 
communications,  traffic  centers,  command 

posts,  computers  and  displays.  Their  work 
begins  with  system  analysis.  It  continues 

through  system  synthesis,  computer  in- 
struction, system  training,  system  evalua- 
tion—and then  in  adapting  the  system  to 

the  changing  needs  of  its  users.  Through- 
out they  strive  to  optimize  man-computer 

relationships  and  also  carry  on  research 
into  future  systems.  Human  Factors  Scien- 

tists, Operations  Research  Scientists, 

Systems-Oriented  Engineers  and  Computer 
Programmers  interested  in  joining  this  ex- 

panding field  are  invited  to  write  Dr.  H.  A. 
Best,  SDC,  2433  Colorado  Ave.,  Santa 
Monica,  California.  Positions  are  open  at 
SDC  facilities  in  Santa  Monica;  Washing- 

ton, D.C.;  Lexington,  Massachusetts;  Para- 

mus,  New  Jersey;  and  Dayton,  Ohio.  "An 

equal  opportunity  employer." 

Systems  that  help  men  make  decisions  and 
exercise  control 

System  Development  Corporation 

Decision-Making:  Direction  of  Forces— What,  Where,  When? 
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I 

want  a 

defense 

contract"
 Were  you  heard?  Did  the  right  people  remember  and  react?  If  y

ou  want  the  decision 

maker*  to  get  your  message,  advertise  in  Armed  Forces  Manage
ment's  Sixth  "Top  Defense 

Management  Annual  Report".  .  .  the  issue  military  and  civil  service
  defense  executives  refer 

to  throughout  the  year. 

issue  will  include  reports  from  the  top  military An  impartial  critique,  AFM's  November executives  on  . .  . 

Secretary  of  Defense  Robert  S.  McNamara 
how  he  runs  Defense  and  his  plans  for  the 
future. 

Procurement,  an  analysis  of  future  buying 
patterns. 
Research  and  development,  who  controls 
what. 

Impact  of  the  unified  agencies  on  overall 
DOD  operations,  (Defense  Supply  Agency, 

Defense  Communications  Agency,  Defense  In- 
telligence Agency,  etc.). 

Logistics  support,  what  and  how  Defense 
supplies  hardware. 
A  profile  of  each  service  secretary. 
From  the  service  secretaries,  what  they 

plan  in  budget  management  and  in  R&D. 

Comments  by  Maxwell  D.  Taylor  on  uni- fication of  the  services. 

NATO,  its  problems  and  future. 

Emphasis  will  center  on  how  DOD  actions  will  affect  defense-defense  industry  relations 

Issue  Date:  November  i,  1962. Advertising  Closing  Date:  October  15 
Circle  No.  1  on  Subscriber  Service  Card   ^ 



-  t  AIRCRAFT  CORPOR4
T/ON THE  FUTURE  IS  AT 

WHERE  ENGINEERING 

CONCEPTS  ARE  MOVING.. 

...Men  into  Space 

...Aircraft  to  New  Records 

...Design  Beyond  the 

State  of  the  Art 

Please  complete  this  form  and  forward  to:  Mr.  D.  F.  Waters,  Professional  Placement,  Dept.  62MM, 
McDonnell  Aircraft,  St.  Louis  66,  Missouri.  This  is  not  an  application  for  employment.  Your  qualifica- 

tions will  be  reviewed  by  our  placement  staff  and  you  will  be  advised  of  positions  at  McDonnell  for  which 
you  qualify.  You  may  then  make  application  if  you  wish.  All  replies  confidential. 

Name  

City  &  State. 

.  Home  Address . 
 Phone  -Age- 

Present  Position 

Primary  Experience  Area. 
Secondary  Experience  
Additional  Comments  

.Number  of  Years. 

.Number  of  Years. 

Education:  AE. 

Degree:  BS  

_ME. .Math. .Physics. 
_MS_ _PHD. 

_  Chemistry. _EE. .Astronomy. Other. 

Date Date Date I  would  like  to  receive  application  form  Q 

Openings  now  exist  at  McDonnell  in  the  following  areas: 
I  would  like  to  receive  literature  about  professional  opportunities  at  McDonnell  □ 
□  Advanced  Product  Planning 
□  Aerodynamics 
□  Design 
□  Control  &  Structural  Dynamics 
□  Electronics 

□  Ground  Support  Equipment 
□  Liaison 
□  Materials 
□  Mathematics 
□  Metallurgy 

□  Operations  Analysis 
□  Propulsion 
□  Reliability 
□  Research 
□  Space  Medicine 

□  Structures 
□  Systems  Management 
□  Thermodynamics 
□  Wind  Tunnel 
□  Engineering  Planning 

An  equal  opportunity  employer. 
F4H  and  F-11QA  Fighter  and  Attack  Aircraft  •  RF-110  Photo  Reconnaissance  Aircraft  • 

Mercury,  Qemini,  Asset  and  Aerobaliistic  Spacecraft  •  Talos  and  Typhon  Missile  Airframes  and  Engines 
Quail  Decoy  Missiles  ♦  Rotorcraff  •  Electronic  Systems  •  Automation 

MCDONNELL  AIRCRAFT    •     ST.  LOUIS 



dpi 

needs 

SCIENTISTS 
AND  ENGINEERS 
for 
JPL's  Lunar  and  Planetary  Programs 

with  experience  in  any  of  the  follow- 
ing areas: 
•  Celestial  Mechanics 
•  Orbit  Determination 

•  Space  Navigation  Theory 
•  Trajectory  Studies 
•  Systems  Analysis 

Openings  are  now  available  in  both 
theoretical  and  project  positions. 

Send  complete  resume  to 
PERSONNEL  DEPT. 

JET  PROPULSION 
LAB  0  R ATO  RY 

Operated  by  California  Institute  of  Technology  for 
the  National  Aeronautics  &  Space  Administration 
4808  OAK  GROVE  DR.  •  PASADENA,  CALIF. 

"An  equal  opportunity  employer" 

High  Mass  Flow 

•  Impellers 

•  Inducers 

•  Rotors 

Area  Code  607-AR  2-8500 
1001  Hudson  Street  Ext.,  Ithaca,  New  York 

Hydrogen  Line  Radiometer 
Triconix,  Inc.  a  subsidiary  of  Tyco, 

Inc.  has  developed  a  low-noise,  fre- 
quency-scanning hydrogen-line  radiom- eter. The  instrument  will  be  used  for 

detailed  investigation  of  the  radiation 
from  neutral  hydrogen  atoms  in  outer 
space.  The  model  HLR  Radiometer 
achieves  its  low-noise  figure  through 
the  use  of  an  electron  beam  parametric 
amplifier  operating  in  the  synchro- 

nously pumped  mode. 
A  low-loss  ferrite  switch  at  the  ra- 

diometer input  provides  operation  in 
the  switched  input  mode  and  assures  in- 

creased stability  of  the  output  baseline. 
The  instrument  features  frequency  scan- 

ning of  several  megacycles  at  any  rate 
between  1  mc  per  hour  and  40  mc  per 
hour. 
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The  receiver  is  constructed  with  two 
separate  signal-processing  channels  to 
allow  for  comparison  of  the  spectral 
density  in  narrow  and  broad  frequency 
bands.  The  narrow  bandwidth  is  selecta- 

ble at  25  kc,  100  kc  and  500  kc.  Out- 
put integration  time  constant  is  selec- table from  1  second  to  100  seconds. 

The  final  output  is  presented  on  a  two- 
channel  chart  recorder  with  a  third  pen 
that  is  used  to  provide  crystal-controlled 
frequency  markers  at  100-kc  intervals 
during  the  frequency  scanning.  The  tun- 

ing range  of  the  complete  range  of  the 
radiometer  is  1 375  mc  to  1425  mc. 

Circle  No.  237  on  Subscriber  Service  Card 

Solid-State  Decoder 

Burroughs  Corp.  has  developed  a 
solid-state  binary  coded  decimal-to- 
decimal  decoder.  The  type  BTR-58A 
accepts  8-4-2  binary  information  and 
provides  visual  in-line  decimal  readout 
of  the  data  by  use  of  a  Nixie  (R)  indi- 

cator tube. 
The  decoder  features  use  of  a  90 

silicon  diode  Bibco,TM)  matrix  package. 
The  entire  diode  matrix  is  fabricated 
simultaneously  from  a  single  piece  of 
silicon  with  diodes  positioned  to  per- 

form the  decoding  function.  The  diodes 

are  then  joined  to  two  circuit  plates  that 
provide  input  and  output  connections  to 
the  matrix.  The  inputs  to  the  diode 
matrix  are  —  6V  or  ground  on  each  of 
the  binary  input  lines.  The  outputs  of 
the  matrix  connect  to  10  transistor  am- 

plifiers that  activate  the  decimal  read- out tube. 
Circle  No  238  on  Subscriber  Service  Card 

Wave  and  Tide  Monitor 

The  Hytech  Division  of  Bissett- 
Berman  Corp.  has  developed  a  single 
passive  sensor  fluid  level  monitoring 
system.  Known  as  Model  601,  the  in- 

strument is  an  all-transistorized  device 
for  measurement  of  conductive  fluid 
levels  with  an  accuracy  of  0.25%. 

The  staff,  or  sensor,  is  supplied  in 
many  configurations,  and  is  essentially 
a  Nichrome-alloy  resistance  wire  applied 
in  a  continuous  spiral  around  a  poly- 

ethylene-jacketed stainless-steel  cable. 
The  sensor  element  is  lightly  imbedded 
in  the  polyethlene,  thereby  reducing  the 
tendency  of  water  to  be  channeled  in 
grooves  formed  by  the  wrap.  The  degree 
and  rate  of  on  site  fouling  is  minimal 
due  to  the  applied  ac  potential.  The  dc 
output  of  the  deck  unit  is  monitorable 
by  an  integral  meter  readout,  and  is  in 
a  form  acceptable  by  a  recorder  or  tele- 

metering VCO.  The  unit  will  operate 
on  24  vdc  or  1 1 5  vac. 

Circle  No.  239  on  Subscriber  Service  Cord 

Control  Unit 

A  solid-state  closed  circuit  television 
control  unit,  with  flexibility  for  a  wide 
variety  of  systems  applications,  is  being 
marketed  by  Cohu  Electronics,  Inc.  The 
Model  1995CU  is  designed  to  accept 
trol  circuits.  Plug-in  circuit  assemblies 
either  one  or  two  complete  camera  con- 
permit  choice  of  sync  generators,  which 
may  be  used  for  one  or  more  control 
units. 

Solid-state  components  are  mounted 
on  epoxy  glass  boards  that  make  posi- 
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live  contact  with  quick-change  con- 
nectors on  the  rack-mount  chassis.  Each 

of  the  two  compartments  is  equipped 
with  a  door  to  provide  easy  access  to  all 
operating  adjustments,  which  are  on 
sub-panels  of  the  circuit  assemblies.  The 
unit  will  operate  in  temperatures  from 
— 20°C  to  55°C  with  up  to  95%  hu- 
midity. 

Circle  No.  240  on  Subscriber  Service  Card 

Gyroscopic  Stabilizer 

A  gyroscopic  stabilizer  that  intro- 
duces stability  to  missiles  and  rockets  at 

velocities  ranging  from  zero  to  any 
proposed  limit,  and  capable  of  function- 

ing in  any  environment  from  the  depth 
of  the  ocean  to  space,  has  been  devel- 

oped by  Shelly  Associates,  Inc. 
The  guidance  system  aligns  the 

thrust  vector  of  a  missile  to  a  prede- 
termined heading  and  stabilizes  the 

space  vehicle  on  this  heading  without 
further  input  signal.  If  required,  it  can 
also  stabilize  on  a  constant  rate-of- 
change  heading.  The  gyro-controlled 
nozzle  lends  itself  to  the  "guided  missile 
concept"  by  automatically  locking  on the  latest  command  heading  without  the 
necessity  of  continuous  input  signals. 

Circle  No.  241  on  Subscriber  Service  Cord 

Input  Converter 
A  unit  for  efficient  conversion  of 

1-volt  energy  sources  to  a  regulated  28 
vdc  at  power  levels  up  to  25  watts  out- 

put is  available  from  Lin  Research 
Corp.  Immediate  application  is  fore- 

seen in  the  conversion  of  voltages  from 
thermoelectric  devices,  solar  cell  arrays, 
fuel  cells  and  the  like.  Unit  is  especially 
designed  to  meet  stringent  environmen- 

tal requirements  associated  with  missile 
and  satellite  applications.  Various  mili- 

tary specifications  are  adhered  to  in 
component  selection,  fabrication  and 
workmanship.  The  output  is  regulated 
against  both  line  and  load  variations  and 
is  short-circuit  proof. 

Circle  No.  242  on  Subscriber  Service  Card 

Rare  Earth  Metals 

Ronson  Metals  Corp.  is  marketing 
the  high-purity  rare  earth  metals  such 
as  cerium,  lanthanum,  CerAlloy  100X, 
Mischmetal,  all  of  which  have  a  purity 
of  more  than  99.9%.  In  addition,  lan- 

thanum metal  is  produced  in  a  technical 
grade  containing  more  than  85%  lan- 

thanum and  less  than  0.2  non-rare  earth 
metal.  Didymium  metal  contains  ap- 

proximately 3%  magnesium,  with  the 
balance  mainly  neodymium  and  prase- 

odymium. Cerium-free  Mischmetal, 
which  contains  approximately  40% 
neodymium,  15%  praseodymium  and 
40%  lanthanum  is  also  available. 

Circle  No.  243  on  Subscriber  Service  Card 
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Norair  needs  men  with  penetrating  minds 

The  men  we're  looking  for  will  tackle  many  tough  problems.  Solutions  won't  come 
easy.  But  they'll  find  them.  They  have  the  kind  of  minds  that  aren't  easily  thwarted. 
If  you're  of  this  turn  of  mind,  why  not  get  in  touch  with  us?  With  new  areas  of  investi- 

gation and  research  constantly  challenging  us,  we  need  hard-working  dreamers  to 
bring  them  into  focus.  These  positions  are  available  now: 

Propulsion.  Men  with  knowledge  of  the  fundamental  technologies  to  do  research 
and  development  on  solid,  liquid,  hybrid,  and  air-breathing  systems. 
Vehicle  dynamics  and  control.  For  research  and  development  in  aerodynamics  and 
flight  controls  as  applied  to  VTOL  vehicles,  space  trainer  aircraft,  and  six-degree-of- 
freedom  near-earth  trajectory  problems. 
Electromagnetics.  For  studies  in  energy  propagation  and  field  theory  pertinent  to 
such  areas  as  communications  antennas,  radar  cross-sections,  and  plasma  sheaths. 
Fluid  mechanics.  For  analyses  of  subsonic,  supersonic  and  hypersonic  flows. 
Communications.  To  conduct  analysis  and  integration  of  new  concepts  in  telemetry 
command,  detection,  and  tracking  systems. 
Experimental  aerodynamics.  To  work  with  a  group  that  will  support  theoretical 
aerodynamic  research  with  experimental  approaches  and  will  initiate  experimental 
research  to  fill  voids  in  the  theoretical  techniques. 
Operations  research.  To  visualize  complete  weapons  systems,  and  apply  basic 
knowledge  to  new  and  diversified  problems. 
Guidance  and  controls.  To  conduct  study  and  analysis  of  sensors  and  computers. 
Systems  research.  To  work  on  systems  performance  optimization. 
Numerical  analysis.  To  develop  large-scale  numerical  procedures  for  aerodynamic 
design  and  flow  field  analysis. 
Avionics.  To  work  on  the  design,  development,  and  analysis  of  avionics  systems 
for  airborne  applications. 
Reliability.  To  assess  the  reliability  and  optimize  the  configurations  and  mission 
profiles  of  space  systems. 
Chemical  research.  To  work  on  the  development  and  applications  of  structural 
adhesives  for  aerospace  vehicles. 
Metallurgical  research.  For  research  and  development  on  materials  and  joining. 

If  you'd  like  more  information  about  these  opportunities  and  others  that  may  be 
available  by  the  time  you  read  this,  write  and  tell  us  about  yourself.  Contact  Roy 
L.  Pool,  Engineering  Center  Personnel  Office, 
1001  East  Broadway,  Hawthorne,  California. NORTHROP 
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names  in  the  news 

CORCORAN LING CASSIDY 

A  IMA  LYTICAL 

EN  GIN 

help  us  advance  the  state  of  the  art  in  energy  conversion 
at  our  Connecticut  or  Florida  facilities 

wmmmmtism 

Energy  conversion  is  the  fascinating  field  commanding  the  interest  and 
creative  efforts  of  our  engineers  and  scientists.  These  important,  far- 
reaching  investigations  range  from  space  technology  to  "years-ahead" industrial  power  applications.  We  now  have  several  exceptional  career 
opportunities  for  men  with  the  following  backgrounds: 

preliminary  design  engineers: 
These  positions  require  a  B.S.  or  M.S.  in  Engineering,  backed  up  by  persona 
drive  and  ambition.  The  work  areas  are  stimulating  and  embody  individual 
challenge.  Creative  freedom— to  utilize  your  maximum  professional  capac- 

ities—is offered  in  such  assignments  as:  the  establishment  of  basic  design 
concepts  •  basic  structural  design,  including  weight  and  vibration  con- 

siderations •  aerodynamic  design  .  determination  of  propulsion,  propellant 
and  guidance  system  requirements. 

systems  analysis  engineers: 
Sought  for  these  openings  are  technically  curious,  ambitious  men  with  a 
B.S.  or  M.S.  degree  in  Engineering.  It  would  be  particularly  desirable  that 
your  background  include  systems  analysis  or  performance  analysis  experi- ence in  Advanced  Gas  Turbines,  Nuclear,  MHD,  Fuel  Cell  or  Liquid  Rocket 
systems.  Specifically,  your  efforts  would  be  applied  to  such  areas  as: 
determination  of  overall  vehicle  systems  requirements  .  integration  of 
vehicle  systems  •  influence  of  aerodynamic,  structural  and  guidance 
considerations  on  selection  of  propulsion  and  thrust  vector  control  systems. 

These  are  unusually  good  opportunities  to  join  a  busy,  substantial  organiza- 
tion—noted for  its  engineering  excellence  for  almost  four  decades.  Our 

stability  and  continuing  progress  can  be  credited  to  our  corporate  philos- 
ophy of  re-investing  multi-millions  of  dollars  of  company  funds  annually 

in  research  and  development. 
If  you  are  seeking  a  new  area  of  responsibility  and  growth,  ably  supported 
by  unexcelled  facilities,  we  believe  you  should  write  to  us.  Please  submit 
your  resume,  in  confidence,  stating  salary  requirements,  to  either: 

MR.  P.  C.  SMITH 
PRATT  &  WHITNEY  AIRCRAFT 
400  MAIN  STREET 
EAST  HARTFORD,  CONN. 

MR.  J.  C.  MORTON 
PRATT  &  WHITNEY  AIRCRAFT 
WEST  PALM  BEACH 
FLORIDA 

Pratt  &  Whitney  Aircraft 
U 

Dr.  Ernst  Krause:  Elected  a  vice  presi- 
dent of  Aerospace  Corp.  and  will  serve  as 

general  manager  of  the  San  Bernardino, 
Calif,  operations. 

Bernard  Strassburg:  Assistant  chief  of 
the  common  carrier  bureau  with  the  FCC, 
will  head  the  newly  established  office  of 
satellite  communications. 

William  J.  Corcoran:  Appointed  direc- 
tor of  the  Research  and  Advanced  Tech- 

nology Div.  at  United  Technology  Corp., 
Sunnyvale,  Calif. 

Eric  A.  Bardeen:  Appointed  vice  presi- 
dent and  comptroller  for  Southern  Elec- 

tronics Engineering  Co.,  Warner  Robins. 
Ga. 

T.  L.  Maltby:  Appointed  manager  of 
weapon  systems  and  missile  engineering 
for  Beech  Aircraft  Corp.'s  Aerospace  Div.. Wichita,  Kan. 

Wesley  A.  Peterson:  Elected  a  vice 
president  of  Land-Air,  Inc.,  and  will  serve 
as  general  manager  of  the  Instrument  and 
Electronics  Div.,  San  Leandro,  Calif. 

Joseph  F.  Houdek,  Jr.:  Appointed  di- 
rector of  manufacturing  operations  for  all 

six  divisions  of  the  Elgin  National  Watch 
Co.,  Industrial  Group,  Elgin,  111. 

Dr.  Cheng  Ling:  Named  principal  staff 
engineer  in  the  research  and  advanced 
technology  department  of  Martin  Co.'s 
Electronic  Systems  and  Product  Div.,  Bal- timore, Md. 

Col.  Sanford  H.  Webster  (USA  ret.): 
Joined  Mark  Systems,  Inc.,  Los  Altos, 
Calif.,  as  manager  of  the  market  analysis 
department. 

Albert  J.  Kullas:  Director  of  engineer- 
ing for  the  Martin  Co.'s  Denver,  Colo.. division  has  been  appointed  chairman  of 

NASA's  research  advisory  committee  on 
missile  and  space  vehicle  structures. 

Jack  Cassidy:  Elected  president 
Absoca  Industries,  Inglewood,  Calif. 

of 

A7 

Will  M.  Quinn,  Jr.:  Appointed  engi- 
neering manager  of  United  Aircraft  Corp.'s Norden  division,  Norwalk,  Conn.  Carl  F. 

Schaefer  named  consulting  engineer. 

Dr.  Daryl  Mitton:  Appointed  vice  presi- 
dent of  sales  and  contracts  for  Straza  In- 

dustries, San  Diego,  Calif. 

Dr.  Morton  Prince:  Appointed  manager 
of  the  solid-state  division  of  Electro-Optical 
Systems,  Inc.,  Pasadena,  Calif. 

Edward  O.  Bulkley:  Appointed  man- 
ager of  engineering  applications  and  sales 

for  the  United  GeoMeasurements  Div.  of 
United  Electrodynamics,  Inc.,  Pasadena. 
Calif. 

Richard  D.  Heaney:  Appointed  director 
of  manufacturing  for  Robertshaw-Fulton 
Controls  Co.'s  Aeronautical  and  Instru- ment Div..  Anaheim,  Calif. 
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Neil  N.  Saldinger:  Appointed  vice 
president  of  engineering  of  Curvin  De- 

velopment Co.,  Van  Nuys,  Calif. 

Thomas  P.  Hudock:  Appointed  vice 
president  of  finance  and  administration  of 
Cook  Electric  Co.,  Chicago,  HI. 

Dr  James  E.  Storer:  Appointed  direc- 
tor, Applied  Research  Laboratory  Syl- 

vania  Electronic  Systems,  Waltham,  Mass. 

Ted  Kaslow:  Named  instrumentation 

planning  engineer  for  Pan  American's Guided  Missile  Range  Div.,  Atlantic  Mis- 
sile Range. 

C.  W.  Finnigan:  Formerly  with  Sperry 
Rand  Corp.,  named  manager  of  com- 

munications on  the  advanced  technology 
staff  of  Martin  Co.'s  Orlando  Div.,  Fla. 
\V.  L.  Eddy  named  assistant  manager  of 
communications  in  advanced  programs  and 
is  responsible  for  new  applications  of 
RACEP. 

George  H.  Aklin:  Appointed  chief  lens 
designer  at  Fairchild  Camera  and  Instru- 

ment Corp.'s  Defense  Products  Div.,  Los 
Angeles,  Calif. 

Robert  F.  Geiger:  Appointed  director 
of  engineering  of  Twin  Industries  Corp., 
Buffalo,  N.Y.  Frederick  J.  Batson  ap- 

pointed director  of  contracts  and  sales. 

William  A.  La  Rue:  Appointed  man- 
ager of  federal  government  sales  by  Digi- 

tronics  Corp.,  Albertson,  N.Y. 

Joseph  L.  Borden:  Appointed  director 
of  engineering  of  the  Vemistat  Div., 
Perkin-Elmer  Corp.,  Norwalk,  Conn. 

Donald  Reiser:  Promoted  to  vice  presi- 
dent for  instrumentation  at  Aero  Geo 

Astro  Corp.,  Alexandria,  Va. 

Dr.  Arthur  R.  Church:  Appointed  ma- 
terials scientist  in  the  research  and  devel- 

opment laboratory  of  Swedlow,  Inc.,  Los 
Angeles,  Calif. 

David  A.  Williams:  Named  manager 
of  Standard  Steel  Corp.'s  Cryogenic  Div., Los  Angeles,  Calif. 

M.  J.  Weiner:  Joined  Almay  Research 
and  Testing  Corp.,  Los  Angeles,  Calif., 
as  director  of  technical  services. 

Allan  E.  Dean:  Appointed  contract  ad- 
ministrator for  Wiggins  Contractors,  Los 

Angeles,  Calif. 

Robert  S.  Erickson:  Appointed  director 
of  engineering  of  the  Government  Systems 
Div.  of  Control  Data  Corp.,  Minneapolis, 
Minn.  Arthur  O.  Hoistad  appointed  direc- 

tor of  manufacturing. 

Dr.  Arthur  L.  Samuel:  Named  editor 
of  the  IBM  Journal  of  Research  and  De- 

velopment, New  York  City. 

Lloyd  L.  Kelly:  Elected  executive  vice 
president  of  General  Precision's  Link  Div., Binghamton,  N.Y. 
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Melpar  needs  scientists  and  engineers 
who  enjoy  reaching  the  conclusions  of  applied 
research  but  who  are  not  given  to  making 

upidiperous  turns* Scientists  and  Engineers,  who  have  the 
desire  to  participate  in  open-ended  applied  re- 

search programs  are  offered  an  opportunity  to 
attack  unexpected  problems  and  originate  new 
concepts  in  an  atmosphere  charged  with  the 
competence  and  enthusiasm  of  a  growing  organiza- 

tion and  lively  colleagues. 
Emerging  problems  have  led  to  openings  for: 

Applied  Meteorologists  and  Seismologists  to 
explore 

•  New    areas    of    instrumentation  for 
nuclear  detonation  detection 

•  Extra   terrestrial/terrestrial  interaction 
Telluric  currents 

Microwave  Physicists  for  studies  of 
•  Microwave  plasma  interactions 
•  Microwave  parametric  amplification 

Maser-Laser  Engineers  and  Physicists  to 
•  Investigate  techniques  of  utilizing 

Masers  and  Lasers  in  electronic 

systems Electromagnetism  Theorists  for  research  in 
•  Space  reconnaissance  and  exploration 

Molecular  Circuit  Designers  for  developmental 
research  on 

•  Thin  films      •  Polycrystals 
•  Monocrystals 

Systems  Theory  Specialists  for  studies  of 
•  Optimal  control  techniques 
•  Coding  systems 
•  Statistical  decision  processes 
•  Network  theory  •  Sampling  systems 

Applied  Mathematicians  for  Research  in •  Information  theory 
•  Switching  theory        •    Digital  theory 
•  Analog  to  digital  conversion  processes 
•  Stochastic  processes    •    Error  analyses 

Scientists  and  engineers  with  PhD,  MS  or  equiva- 
lent experience  are  invited  to  communicate  with 

John  Haverfield,  Manager,  Professional  Placement, 
Applied  Science  Division 

MELPAR  T  inc 

A  SUBSIDIARY  OF  WESTI  N  G  HO  USE  AIR  B F \E  COMPAN 
3350  Arlington  Blvd.,  Falls  Church,  Va. 

an  equal  opportunity  employer 

A  upidiperous  turn  is  a  180°  turnabout  where  the  main  direc- tion or  goal  is  temporarily  forgotten  or  denied.  The  word 
upidiperous  is  seen  regularly,  in  contracted  form,  on  street signs:   NO  U  TURNS. 
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contracts  and  procurements 

AWARDS 

AIR  FORCE 

$45,640,000— North     American     Aviation,  Inc., 
Downey,  Calif.,  for  production  of  Minuteman 
guidance  control  systems  (2  supplemental  con- tracts). 

$39,566,000 — Avco  Corp.'s  Lycoming  Dir.,  Strat- 
ford, Conn.,  for  production  of  a  new  genera- 

tion of  re-entry  vehicles,  for  the  Minuteman 
missile,  known  as  Mark  II. 

$16,050,000 — Sylvania  Electric  Products,  Inc.,  Wal- 
tham,  Mass.,  for  ground  electronic  systems 
development  for  Minuteman  program  (supple- mental contracts).  Work  to  be  done  at  Buffalo, 
N.  Y.,  Waltham  and  Needham,  Mass. 

$13,514,000 — Aerojet-General  Corp.,  Sacramento, 
Calif.,  for  Minuteman  Stage  II  development 
program  (2  supplemental  contracts).  Work  to 
be  done  at  Sacramento,  Calif. 

$12,000,000 — Radio  Corp.  of  America,  New  York 
City,  for  work  on  the  Ballistic  Missile  Early 
Warning  System  (supplemental  contract). 

$7,000,000 — General  Electric  Co.,  New  York  City, 
for  work  on  space  vehicles  (2  contracts).  Work 
to  be  done  at  Philadelphia. 

$6,500.000 — Carrier  Air  Conditioning  Co.,  Syra- 
cuse, N.  Y.,  for  manufacture  and  installation 

of  environmental  control  systems  and  associated 
equipment  to  be  used  at  the  Minuteman  sites 
at  Minot  AFB  and  Whiteman  AFB. 

$5,800,000 — General  Electric  Co.,  New  York  City, 
for  work  on  the  Titan  II  weapon  systems  (sup- 

plemental contract).  Work  to  be  done  at  Phil- 
adelphia. 

$5,000,000 — American  Machine  &  Foundry  Co., New  York  City,  for  work  on  Titan  I  /auncher 
system  (supplemental  contract). 

$4,800,000— General  Dynamics  Corp.,  New  York 
City,  for  Titan  II  launching  sites  and  related 
equipment  at  Point  Arguello,  Calif. 

$4,100,000 — Lockheed  Aircraft  Corp.,  Burbank, 
Calif.,  for  work  on  a  classified  program  (sup- 

plemental contract). 
$4,000,000 — General  Precision  Corp.,  Little  Falls, 

N.  J.,  for  guidance  and  control  equipment 
(supplemental  contract). 

$3,000,000 — General  Dynamics  Corp.,  New  York 
City,  for  procurement  of  Atlas  missile  and  re- 

lated material.  Work  to  be  done  at  San  Deigo, Calif. 
$2,890,922— Lockheed    Aircraft    Corp.,  Burbank, 

Calif  for  work  on  space  systems  (supplemental 
contract). 

$2,617,000 — North   American   Aviation,   Inc.  for 
provision  of  spares  for  Hound  Dog  missiles 
(supplemental  contract). 

$2,500,000— Boeing  Co.,  Seattle,  for  work  on  the 
Minuteman  weapon  system  (supplemental  con- tract). 

$2,100,000 — Atlantic  Research  Corp.,  Alexandria, 
Va.,  for  design,  development,  test,  fabrication 
and  launch  of  space  test  vehicles  (supplemental 
contract).  Work  to  be  done  at  Arcadia,  Calif. 

$2,100,000 — Lockheed  Aircraft  Corp.,  Burbank, Calif.,  for  continuation  of  research  and  devel- 
opment for  space  programs. 

$2,005,000— Aerospace  Corp.,  El  Segundo,  Calif., for  systems  engineering  and  technical  direction 
of  ballistic  missile  programs  together  with  man- 

agement services  and  administrative  support. 
$1,825,000— Radio  Corp.  of  America,  New  York 

City,  for  emergency  maintenance,  supply  sup- 
port and  depot  level  maintenance  overhaul  of 

radar  equipment  for  FY-63.  Work  to  be  done 
at  Moorestown,  N.  J. 

$1,540,000 — Sperry  Gyroscope  Co.,  Great  Neck, 
N.Y.,  for  instrumentation  of  C-4  ships  for 
Atlantic  Missile  Range. 

$1,300,000— Radio  Corp.  of  America,  New  York 
City,  for  provision  of  final-stage  vehicles  and 
services  in  support  of  space  programs. 

$1,250,000 — Thiokol  Chemical  Corp.,  Logan  Works, Logan,  Utah,  for  production  of  tracked  ve- hicles. 
$1,108,000— Martin  Marietta  Corp.,  New  York 

City,  for  follow-on  support  and  establishment 
of  a  rapid  communications  system  for  Titan  1 missiles. 
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$364.000 — Infrared  Industries,  Inc.,  Waltham, 
Mass.,  for  infrared  sensing  component  of  the 
Mauler  weapon  system. 

ARMY 
$145,976.431— Western  Electric  Co.,  New  York 

City,  for  continued  testing  and  development  of 
the  Nike-Zeus  antimissile  system. 

$6,892,456 — Raytheon  Corp.,  Lexington,  Mass.,  for 
engineering  services  in  support  of  the  Hawk missile  system. 

$3,882,449 — Raytheon  Corp.,  Lexington,  Mass.,  for 
a  detailed  field  test  plan  for  techniques  and 
experiments  applicable  to  the  Advanced  Re- 

search Projects  Agency's  Project  Defender  on advanced  antimissile  research. 
$1,802,925 — Raytheon  Corp.,  Lexington,  Mass.,  for technical  manuals  for  the  Hawk  missile  system. 
$1,400,478 — Universal  Match  Corp.,  St.  Louis,  for 

erector  launchers  for  the  Pershing  weapons 
system. 

NAVY 
$10,000,000— Lilton  Systems,  Inc.,  Data  Systems 

Dir.,  Canoga  Park,  Calif,  for  a  transportable 
air  operations  control  system  to  be  used  by 
the  Marine  Corps  for  integration  of  air  defense units. 

$2,177,471— Western  Electric  Co.,  New  York  City, 
for  engineering  services  in  connection  with  a 
surface  missile  program.  Work  to  be  done  at 
Winston-Salem,  N.C. 

$2,052,852— Elgin  National  Watch  Co.,  Los  An- geles, for  additional  production  of  Bullpup missile  fuses. 
$1,998,245— Hughes  Aircraft  Co.,  Culver  City, 

Calif.,  for  continued  studies  on  the  TFX 
missile  system. 

$1,195,523 — North  American  Aviation,  Inc.,  Dow- 
ney, Calif.,  for  Sparrow  III  rocket  motors. 

$1,132,343— Martin  Co.,  Orlando,  Fla.,  for  pro- 
duction of  a  pre-packaged  transmitter  for  the 

Bullpup  guidance  system. 
$1,124,721 — Vitro  Corp.  of  America,  Silver  Spring, 

Md.,  for  engineering  services  in  connection 
with  ship  installation  of  Talos,  Tartar  and 
Terrier  guided  missiles. 

$444,502— Martin  Co.,  Orlando,  Fla.,  for  design, 
development  and  production  of  Type-S  launcher 
(2  contracts). 

NASA 

$2,256,000 — Federal-Mogul — Bower  Bearings,  Inc., Arrowhead  Products  Div.,  Detroit,  for  design, 
development,  test  and  documentation  of  ducting 
components  for  the  Saturn  S-IC  launch  vehicle. 

INDUSTRY 

$1,700,000 — Jordan  Electronics  Div.  of  Victoreen Instrument  Co.,  New  York  City,  from  Sperry 
Utah  Co.,  for  continuation  of  the  manufacture 
of  guidance  power  supply  for  the  Army's  Ser- geant missile. 

$  1 ,700,000— Douglas  Aircraft  Co.,  Inc.,  Santa 
Monica,  Calif.,  from  F.  J.  Stokes  Corp.,  for 
construction  of  three  space  simulation  chambers. 

5500,000—  Lockheed  Propulsion  Co.,  Redlands, 
Calif.,  from  Hughes  Aircraft  Co.,  for  develop- ment of  a  solid  rocket  motor  for  an  advanced 
air-to-air  missile. 

REQUESTS  FOR  BIDS 

GENERAL  PROCUREMENTS 
Secondary  Item  Branch 
Procurement  Div. 
Procurement  and  Production 
U.S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
Missile  test  stand,  FSN  4935-733-4832.  Ord 

P/N  10064320—24  each — IFB  IXXF-ORD  01- 
021-63-10133— Bid  opening  10-30-62.  Drawings, 
specs  and  bid  sets  available  from  nearest  ordnance district. 

National  Aeronautics  and  Space  Administration 
Ames  Research  Center 
Moffett  Field,  Calif. 
Negotiations  will  be  conducted  with  the  Good- 

year Aircraft  Corp.,  Akron,  Ohio,  for  a  re-entry 
body  with  inflatable  afterbody.  RFP  A2-1037. Note:  For  information  only.  RFP  not  available 

U.S.  Army  Missile  Command Redstone  Arsenal,  Ala. 
Attn:  AMCPM-SEPM 
Sergeant  supplemental  shop  equipment  set,  14 

each.  Destinations  to  be  furnished.  Available 
specifications,  plans  or  drawings  relating  to  this 
procurement  do  not  fully  provide  all  necessary 
manufacturing  and  construction  details.  Request 
for  proposal  has  been  issued  to  Sperry  Rand 
Corp.,  Sperry  Utah  Company  Div.,  322  North 
21st  St.  West,  Salt  Lake  City,  Utah.  Small  busi- ness firms  or  others  interested  in  subcontracting 
opportunities  in  connection  with  this  procurement should  make  direct  contact  with  that  firm. 

Deputy  for  Procurement Air  Proving  Ground  Center  (PGKKj 
Eglin  Air  Force  Base,  Fla. 
Investigation  of  sub-miniature  rocket  is  pres- 

ently being  accomplished  under  contract  AF 
08(635)-2211.  The  continuation  of  efforts  under 
this  contract  with  Ordnance  Tech  Corp.,  Walnut 
Creek,  Calif.,  calls  for  further  research  effort. This  notice  is  for  information  purposes  only. 
Request  for  proposal  not  available.  Request  for 
proposal  due  date  not  furnished.  Firms  interested 
in  subcontracting  opportunities  should  contact 
above  firm. 

U.S.  Army  Engineer  District,  Baltimore 
Corps  of  Engineers 
24th  and  Maryland  Ave. 
P.O.  Box  1715 
Baltimore  3,  Md. 
Army  Air  Defense  Program,  Nike-Hercules 

improvements  and  radome  facilities,  sites  PH-75C, 
Pa.,  W-26C,  Md.  and  BA-18C,  Md.  Job— IFB ENG-18-020-63-UB.  Bid  opening  O/A  10-25-62. 
Approximate  value— $50,000— Site  PH-75C  & 
$75,000,  Sites  W-26C  &  BA-I8C.  Inv.  is  a  set-aside for  small  business  firms  and  will  be  awarded  as 
such.  Principal  features:  (a)  Site  PH-75C:  con- 

struction of  one  30'  tracking  radar  tower  and  one 
30'  acquisition  radar  tower.  Mod.  of  two  30'  track- 

ing radar  towers  and  one  30'  acquisition  radar tower  for  radome  facilities  to  be  furnished  and 
installed  by  the  government.  Construction  of  con- 

crete ramp  steps  and  sidewalks,  (b)  Site  W-26C: 
construction  of  one  40'  tracking  radar  tower.  Mod. 
of  two  20'  tracking  radar  towers  and  one  20' acquisition  radar  tower  for  radome  facilities  to 
be  furnished  and  installed  by  the  government. 
Construction  of  concrete-paved  ditch,  (c)  Site 
BA-18C:  Construction  of  20',  30'  and  40'  tracking 
radar  towers  and  one  20'  acquisition  radar  tower. 
Modification  to  existing  wiring,  conduits  and  equip- 

ment in  generator  building,  concrete  sidewalks, 
site  grading,  fencing  and  seeding  all  sites.  180 
calendar  days  comp.  time.  Half-size  drawings 
w/specs,  $2.60  per  set  nonrefundable.  Payments will  be  made  by  cash,  check  or  money  order, 
made  payable  to  the  Treasurer  of  the  U.S.  and 
forwarded  to  the  above  office,  Attn:  Finance  and 
Accounting  Officer. 

Supply  Officer U.S.  Naval  Research  Laboratory 
Washington  25,  D.  C. 
System,  closed  loop,  hydrotest,  for  automatic 

controlled  and  programed  rapid  pressurization  of 
test  chamber,  using  water  as  the  hydraulic  fluid. 
System  to  include  electronic  control  console,  hy- draulic pressure  source,  and  all  necessary  sensors, 
pressure  controls,  gauges,  valves,  hoses,  etc.  Sys- 

tems to  be  capable  of  producing  10,000  psi  max- 
imum pressure  during  test  time  range  2  sec.  to 

10  min.  and  with  typical  test  specimen  volume  of 
3  gallons.  Bidders  must  show  previous  design  and 
fabrication  experience  in  closed-loop,  high-response 
rate,  programable,  fluid-pressurization  systems — 1 each.  Deliver  to:  U.S.  Naval  Research  Laboratory. 
Washington  25,  D.C.  RFP  173/N81024/63.  RFP 
due  date  10-29-62.  Request  for  copies  of  this 
requirement  should  be  received  in  writing  no  later 
than  10-11-62. 
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when  and  where 

OCTOBER 

Eighteenth  Annual  National  Electronics 
Conference  and  Exhibition,  sponsored 
by  AIE,  IRE,  Illinois  Institute  of  Tech- 

nology, Northwestern  University  and 
University  of  Illinois,  McCormick 
Place,  Chicago,  111.,  Oct.  8-10. Conference  on  Ions  in  Flames  and  Rocket 
Exhaust,  El  Mirador  Hotel,  Palm 
Springs,  Calif.,  Oct.  10-12. Twentieth  Annual  Aerospace  Electronics 
Exposition/Report,  Aerospace  Elec- 

trical Society,  Pan  Pacific  Auditorium, 
Los  Angeles,  Calif.,  Oct.  10-12. 

Symposium  on  Photography  of  Electronic 
Display,  Shoreham  Hotel,  Washington, 
D.  C,  Oct.  12-13. 

International  Symposium  on  Space  Phe- 
nomena and  Measurement,  sponsored 

by  NASA  and  AEC,  Statler  Hilton 
Hotel,  Detroit,  Mich.,  Oct.  15-18. 

Instrument  Society  of  America's  Seven- teenth Annual  Instrument-Automation 
Conference  and  Exhibit,  New  York 
Coliseum  and  Hotel  New  Yorker,  New 
York  City,  Oct.  15-18. 

Symposium  on  Inertial  Guidance  Test, 
sponsored  by  Ah  Force  Missile  De- 

velopment Center,  Holloman  Air  Force 
Base,  N.  M.,  Oct.  16-17. 

Ninth  Annual  Joint  ASLE-ASIE  Lubrica- 
tion Conference,  Hilton  Hotel,  Pitts- 

burgh, Pa.,  Oct.  16-18. Fifteenth  Pacific  Coast  Regional  Meeting, 
American  Ceramic  Society,  Olympic 
Hotel,  Seattle,  Wash.,  Oct.  17-19. 

Electronic  Industries  Association  Meeting, 
Seattle,  Wash.,  Oct.  17-21. 

Sixth  Annual  Display,  Aerospace  Electrical 
Society,  San  Diego,  Calif.,  Oct.  18-19. Ninth  Annual  East  Coast  Conference  on 
Aerospace  and  Navigational  Electron- 

ics, Emerson  Hotel,  Baltimore,  Md., 
Oct.  22-24. 

Society  for  Experimental  Stress  Analysis, 
Annual  Meeting  &  Exposition,  Hotel 
Schroeder,  Milwaukee,  Wise,  Oct. 24-26. 
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Chicago  1,  Illinois — 1  East  Wacker  Dr.,  Room 

1522;  321-1444 R.  Lenn  Franke,  Jr. 
Dallas  24,  Texas — 222  Wynnewood  Professional 

Building;  WHitehall  3-4266 John  L.  Hathaway 
Miami,    Florida — P.O.    Box   890,  Hollywood, 

Fla.:  Wilson  7-6072 Ray  Caldiero 
London,   W.I.,    England — 7   Blenheim  Street; 

Hyde  Park  5070 American  Magazine  Group 
Geneva,  Switzerland — 10  Rue  Grenus;  Geneva 321044 
Paris,  France — 11  Rue  Condor cet;  TRU  15-39 

Seventeenth  Midwest  Quality  Control 
Conference,  American  Society  for 
Quality  Control,  Denver  Hilton  Hotel, 
Denver,  Colo.,  Oct.  26-27. 

Fourth  Annual  Western  Technical  Con- 
ference, American  Institute  of  Electri- 

cal Engineers,  Biltmore  Hotel,  Los 
Angeles,  Calif.,  Oct.  29. 

The  World  Metal  Show  and  National 
Metal  Conference,  New  York  Coli- 

seum, New  York  City,  Oct.  29-Nov.  2. 
Meeting  on  Large  Rockets,  IAS,  El  Dorado 

Inn,  Sacramento,  Calif.,  Oct.  29-30. 
American  Society  of  Safety  Engineers 

First  Technical  Conference,  Morrison 
Hotel,  Chicago,  111.,  Oct.  29. 

Twelfth  Aerospace  Fluid  Power  Confer- 
ence, sponsored  by  Aerospace  Div.  of 

Vickers,  Inc.,  a  division  of  Sperry  Rand 
Corp.,  Pick-Ft.  Shelby  Hotel,  Detroit, 
Mich.,  Oct.  29-30. 

STRUCTURAL  DYNAMIC1STS 
Advanced  engineering  degree  preferred. 

To  evaluate  the  influence  of  sinusoidal  and 
complex  wave  vibrations  and  shock  tran- 

sients on  structures  and  components. 
Analyze  mass  and  elasticity  perimeters  of 

systems  and  evaluate  response  characteristics 
utilizing  extensive  digital  and  analog  com- 

puter facilities. Participate  in  the  proposal  and  develop- 
ment of  systems  which  are  compatible  with 

dynamic  lead  requirements  of  high  perform- ance structures. 
Monitor  all  test  data  and  devise  additional 

laboratory  tests  for  checks  and  verification. 

STRESS  ANALYST 
Advanced  Engineering  degree  preferred. 

To  insure  structural  integrity  of  designs 
through  a  combination  of  analytical  and  ex- 

perimental methods. 
Assist  in  the  planning  and  evaluation  of 

structural  tests  for  development  and  verifica- 
tion. 

Participate  in  the  proposal  and  develop- ment of  minimum  weight  structures  capable 
of  surviving  extreme  environments. 

Develop  new  and  improved  analytical 
methods  of  structural  evaluations.  These 
positions  are  at  our  Livermore  Laboratory, 
located  in  sunny,  smog-free  Livermore  Valley 
.  .  .  country  living  just  minutes  from  San 
Francisco.  Sandia  Corporation  offers  liberal 
employee  benefits  including  vacation,  retire- ment and  insurance  plans. 

Write  to:  Mr.  M.  A.  Pound 
Professional  Employment  Section  522 

SANDIA 
CORPORATION 

P.O.  Box  969 
LIVERMORE,  CALIF. 

An  equal  opportunity  employer. U.S.  citizenship  required. 
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editorial 

The  Industry  and  the  President 

THE  MISSILE/SPACE  industry  fight  against  impo- 
sition of  a  union  shop  by  Presidential  fiat  is  gather- 

ing momentum. 
Ryan  Aeronautical  Co.,  although  signing  a  con- 

tract with  the  United  Auto  Workers  which  calls  for 
an  employee  vote  on  a  union  shop,  has  come  out 
strongly  against  it. 

"The  company's  opposition  to  the  underlying  prin- 
ciple of  the  union  shop  remains  unchanged,"  says 

board  chairman  T.  Claude  Ryan.  "We  believe  com- 
pulsory union  membership  is  harmful  to  freedom  of 

the  individual  worker,  unnecessary  for  the  well-being 
of  the  union,  unfair  to  the  employer  and  contrary  to 
the  public  interest." 

Mr.  Ryan  thus  joins  Chairman  Courtlandt  Gross 
of  Lockheed  in  opposing  the  Presidential  action 
(M/R,  Sept  24,  p.  64). 

"We  will  put  up  the  strongest  possible  battle 
against  this,"  says  a  Ryan  spokesman.  The  company 
is  planning  an  all-out  campaign  to  convince  its  em- 

ployees that  imposition  of  a  union  shop  in  this  man- ner is  not  in  their  best  interest. 

Ryan's  forthright  action  is  even  more  to  be  ap- 
plauded when  it  is  realized  the  company  is  battling 

strong  odds.  It  is  not  one  of  the  industry's  giants. 
With  the  Space  Age  shift  in  emphasis  to  research 
and  development,  the  number  of  Ryan  production 
workers  has  fallen  from  5000  to  somewhere  around 
1300.  With  this  decline  in  production  employment 
has  come  a  corresponding  increase  in  the  percentage 
of  the  remaining  workers  who  are  union  members. 

Union  membership  at  Ryan  stands  at  approxi- 
mately 70%,  compared  to  50%  or  less  at  Convair, 

North  American  and  Lockheed.  Much  will  depend  on 
how  successful  the  company  is  in  alerting  its  produc- 

tion workers  to  the  dangers  inherent  in  President 
Kennedy's  forcing  of  a  union  shop  on  the  industry. 

The  provisions  of  the  contract,  as  recommended 
by  the  Presidential  advisory  board,  call  for  a  two- 
thirds  majority  vote  before  a  union  shop  is  imposed. 
Ryan  thus  stands  in  more  danger  of  an  "automatic" vote  than  the  other  firms  involved. 

We  hope  the  company  can  successfully  bring 
these  points  home  to  its  employees: 

•  President  Kennedy's  forcing  of  a  union  shop  on 
the  industry  is  an  unwarranted  use  of  Presidential 
power  and  an  unsound  labor  practice.  A  number  of 
union  leaders  are  in  disagreement  with  the  method. 

"This  is  a  new  idea  the  President's  board  is  in- 
jecting into  labor  relations,"  an  official  of  the  Inter- 

national Association  of  Machinists  states.  "These 
things  have  a  way  of  setting  a  precedent.  We  wouldn't 
want  to  see  it  legislated  into  law  nationally." 

•  Such  a  method  of  settlement  is  contrary  to 

accepted  principles  of  collective  bargaining  as  set 
forth  in  law  and  long  followed  in  practice.  The 
President  has  bypassed  the  Taft-Hartley  law  and 
violated  the  intent  of  Congress  as  to  the  approved  way 
to  settle  labor  disputes.  The  Presidential  advisory 
board  was  not  a  mediation  board  but  a  group  which 
made  certain  recommendations  which  the  President 
is  enforcing  directly  by  using  the  formidable  power 
of  his  office. 

•  President  Kennedy  is  using  the  implied  threat 
of  withheld  government  contracts  to  enforce  his  de- 

sires. If  the  missile/space  industry — and  this  includes 
its  production  workers — is  forced  to  accede,  it  will 
have  taken  another  long  step  down  the  road  to  com- 

plete government  control,  away  from  free  enter- 
prise and  collective  bargaining  and  toward  socialism. 

At  his  press  conference  on  Sept.  26,  we  asked 
President  Kennedy  to  comment  on  his  action.  He 
made  the  captive  nature  of  the  industry  quite  clear 
when  he  said:  "Most  of  these  missile  companies, 
aerospace  companies,  are  really  very  much  dependent 
upon  the  government.  The  government  is  their  major 

purchaser." 
We  believe  the  President  has  a  duty  to  exercise 

extraordinary  caution  in  protecting  the  rights  of  an 
industry  in  such  a  situation.  We  do  not  believe  he 
has  done  so. 

Commenting  on  the  advisory  board's  recommen- dations, the  President  stated: 
"The  fact  is  the  wage  section  of  the  report  was  not 

as  generous  as  the  unions  felt  that  they  must  have. 
On  the  other  hand,  the  union  shop  was  unacceptable 
to  some  of  the  companies.  But  as  I  said  the  other 
day  at  a  press  conference,  the  union  shop  in  major 
industries  has  been  accepted  for  a  great  many  years. 
Automobiles,  steel,  aluminum.  This  is  not  something 

new  or  radical." 
THE  KEY  WORD  in  that  paragraph,  we  believe,  is 
I  accepted.  There  is  no  question,  in  this  case,  of 
acceptance.  The  union  shop  is  being  forced  on  the 
industry — and  in  a  manner  which  even  union  officials 
find  discomforting. 

We  are  not  finding  fault  with  the  President  on  a 
political  basis.  A  strong  President,  he  has  demon- 

strated recognition  and  support  of  the  industry  to  a 
far  greater  extent  than  his  predecessor.  This  does  not, 
however,  entitle  him  to  assume  the  role  of  dictator 
in  regard  to  it.  He  should  be  reminded  of  this. 

Ryan  and  Lockheed  are  leading  the  protest.  We 
hope  Boeing  will  join  them. 

And  we  hope  the  production  workers  at  Ryan 
and  elsewhere  will  act  in  the  best  interest  of  their 
country,  their  industry — and  themselves. 

William  J.  Coughlin 
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LET'S  MATCH  YOUR  ABILITY 

AND  OUR  OPPORTUNITIES 

Advanced  manned  aircraft  programs  dedicated  to  significant  performance  breakthroughs  provide  career  openings  of  exceptional  interest  and  advancement  potential. 

ELECTRICAL  /  ELECTRONICS  /  PHYSICS  /  MATH 

Computer  Technology 
Radar  System  Analysis 
Infrared  Reconnaissance 
and  Countermeasure  Systems 
Servo-Mechanisms 
Equipment  Design 

Electromagnetic  Radiation 
and  Reflection 

Communications 
Human  Factors 

Navigation  and  Guidance 

Systems 

AERONAUTICAL  /  MECHANICAL  /  CIVIL 

Flight  Controls 
Dynamic  Loads 
Stress  Analysis 
Fatigue  Analysis 
Weights 
Equipment  Design 

Human  Factors 
Heat  Transfer Metallurgy 

Thermodynamics 
Engine  Controls 

Boeing's  recently  formed  Military  Aircraft  Systems  Division,  now 
at  work  in  such  advanced  areas  as  variable  wing  geometry,  can 
offer  talented,  future-minded  engineers  unique  opportunities. 
Minimum  requirement  is  a  B.  S.  degree  in  applicable  engineering 
or  scientific  discipline.  Salaries  are  commensurate  with  educa- 

tional and  experience  background.  ■  A  prompt  reply  to  this 
advertisement  is  invited  in  connection  with  program  oppor- 

tunities of  significant  potential  in  Seattle  or  Wichita.  ■  If  you 
feel  you  qualify,  please  write  in  confidence  to  either: 

Mr.  Melvin  Vobach 
Dept.  F02 
Military  Aircraft 
Systems  Division 
The  Boeing  Company 
Wichita  1 ,  Kansas 

Mr.  C.  A.  Reiter 

Dept.  F02 Military  Aircraft 
Systems  Division The  Boeing  Company 

Seattle,  Washington 

MILITARY  AIRCRAFT  SYSTEMS  DIVISION 

Wichita,  Kansas  Seattle,  Washington 
An  Equal  Opportunity  Employer 

Other  Divisions: Aero-Space,  Transport Vertol,   Industrial  Products,  and  Boeing  Scientific 
Circle  No.  5  on  Subscriber  Service  Card 
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AHDG 

high-performance 

GRAPHITE 

FLEXURAL  STRENGTH  (psi) 

FREQUENCY  DISTRIBUTION  OF  FLEXURAL  STRENGTH  AHDG  is  an  extruded 

base  high  density  graphite  (1.90  gm/cc  minimum)  processed  for  both  maximum  thermal  shock  resistance,  and  exceptional  physical 
properties.  The,  above  plot  is  a  frequency  distribution  curve  of  flexural  strength.  The  balanced  properties  of  AHDG  are  resulting 
in  excellent  performance  and  continued  widespread  acceptance  of  this  material  for  critical  rocket  engine  applications. 

mr  American  Metal  Products  Company  supplies  All  IN !  high-performance  graphite  in  bulk  or  fabricated  to  customer  speci- 
fications. For  complete  information  on  AHDG  or  the  fabrication  of  this  high-performance  graphite  write  or  wire  the  Research. 

Division,  2601  South  State  Street,  Ann  Arbor,  Michigan. 

NO.  5  IN  A  SERIES  OF  DATA  SHEETS  ON  HIGH-PERFORMANCE  GRA PHI TE  I^M^— 

W  AMERICAN  METAL 

PRODUCTS  COMPANY 
RESEARCH  DIVISION / 2601  SOUTH  STATE  STREET/ ANN  ARBOR,  MICHIGAN  ^^■■■■■■^^^^^^■■H 
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repackaged  liquid  fuel 

containing 

DIMA2INE 
(unsymmetrlcal 

makes  Bullpu 

Rugged, 

Ready, 

Reliable! 

Loaded  on  aircraft  in  minutes,  launched  miles  from  target,  driven  home 
by  powerful,  reliable,  storable  hypergolic  liquid  propellants— Bullpup  is  becoming 
one  of  the  nation's  most  formidable  tactical  missiles.  Its  prepackaged 
liquid  engine  is  fueled  at  the  factory.  In  service,  Bullpup  can  be  stored  for  years, 
undergo  extreme  temperatures  and  rough  handling,  yet  always  be  ready 
for  instant,  effective  action. 

Bullpup  takes  advantage  of  Dimazine's  unique  combination  of  stability 
and  power.  Other  important  features  include  good  low-  and  high-temperature 
properties,  smooth  combustion,  tractability  in  handling,  and  the  most 
favorable  supply  economics  of  any  fuel  of  its  type. 

Dimazine's  qualifications  have  been  demonstrated  in  many  of  the  most  successful 
rocket-powered  vehicles.  Its  applications  include  the  boosters  for  Bomarc-A, 
Jupiter-C,  and  Titan-! I  ...reliable  upper  stages  such  as  AbleStar,  Agena-B, 
and  Delta  ...  ultra-storable  prepacks  such  as  Bullpup  and  LAR... 
and  a  variety  of  other  operational  and  experimental  engines. 

We  will  be  pleased  to  furnish  information  on  Dimazine  for  your 
program  or  proposal. 

FMC  CORPORATION 

INORGANIC  CHEMICALS  DIVISION  c  l
e  No  1  n  Subs"ber  Se  ce  Cod 

633  THIRD  AVENUE  •  NEW  YORK  17,  N.  Y. 



purposeful  imagination.... in  form 

The  men  of  Aerospace  exercise  high  technical  competence  and  constructive  imagination  in  the  creation  and  assessment  of  form 

and  configuration  for  advanced  ballistic  missile  and  space  systems.  □  As  a  partner  of  the  Air  Force-science-industry  team, 

Aerospace  Corporation  is  chartered  exclusively  to  serve  the  United  States  Government  in  this  mission.  The  men  of  Aerospace 

provide  advanced  systems  analysis  and  planning;  theoretical  and  experimental  research;  general  systems  engineering  and 

corresponding  technical  direction  of  programs.  □  Through  concept,  research,  development  and  completed  mission  the  men  of 

Aerospace  improve  the  form  of  components,  equipments,  and  systems.  Trade-offs  and  interface  considerations  are  objectively 

appraised  on  the  basis  of  performance,  reliability,  and  cost.  □  Men  with  the  depth  and  breadth  of  experience  required  to 

solve  these  interdisciplinary  problems  are  needed  by  Aerospace  Corporation,  an  equal  opportunity  employer.  Highly  skilled 

engineers  and  scientists  with  advanced  degrees  are  invited  to  contact  Mr.  Charles  Lodwick,  Room  1 05,  Aerospace  Corporation, 

P.  O.  Box  95081,  Los  Angeles  45,  California.  □  Organized  in  the  public  A  T"1  Tl  /"V  C  T%  A  /^T7 
interest  and  dedicated  to  providing  objective  leadership  in  the  advancement 

and  application  of  science  and  technology  for  the  United  States  Government. 



(ACTUAL  SIZES  SHOWN  ABOVE) 

•  SBB  offers  seven  types  of 
construction  .  .  .  in  all  1 6  sizes 

from  %"  to  ZYu  bore. 

•  Three  grades  of  high 
precision,  corresponding 
generally  to  ABEC  3,  ABEC  5, 
and  ABEC  7. 

•  Special  designs  —  DF  or  DB 
preloaded  pairs  with  or  without 
spacers  —  size  coding. 

•  Standard  availability  in 
440C  stainless  or  52100  steel .  . 
special  materials  to  order. 

<  patented  SBB  construction  (without  loading  slots  or 
counterbore)  utilizes  maximum  ball  complement  with  one-piece 
reinforced  phenolic  retainer,  for  maximum  load  capacity.  Up  to  62% 
greater  load  and  400%  greater  life  potential  than  offered  by  conven- 

tional Conrad  design.  Also  features  low  torque  and  high  limiting 
speed  values.  Available  with  bronze  retainer  as  type  TCB,  or  stainless 
retainer,  type  TCS. 

r^3Fj  1T^3^\  patented  SBB  construction  permits  utiliz- 
ing full  ball  complement  without  resorting  to  loading  slots  or  counter- 

bore;  for  heavy  loads  and  relatively  low  speeds.  Type  TCA  is  same  as 
Type  TCF,  except  alternate  balls  are  undersize  to  function  as  ball 
spacers;  for  moderate  loads  and  speeds. 

TWF,  TWA  patented  SBB  construction,  internally 
similar  to  Types  TCF  and  TCA,  except  rings  employ  unique  integral 
shield  design,  which  with  close  clearance  annulus  and  grease  lubri- 

cation functions  virtually  as  seal.  Type  TWF  with  full  ball  comple- 
ment, and  Type  TWA  with  alternate  balls  slightly  undersize. 

Angular  contact  design  with  one-piece  reinforced  pheno- 
lic retainer,  for  combination  radial  and  high  thrust  loads.  Also  avail- 

able as  Type  TAS  with  one-piece  stamped  stainless  steel  retainer. 

TKR  Conventional  Conrad  design  with  one-piece  snap-type 
reinforced  phenolic  retainer  —  capacity  less  than  type  TCR  patented 
SBB  construction,  but  adequate  for  many  instrument  applications 
at  lower  cost.  Also  available  with  Teflon  slug  ball  spacers  as  type 
TKL,  or  with  spring  separators  as  type  TKP. 

WRITE  FOR  COMPLETE  INFORMATION 

SPLIT  BALLBEARING 
DIVISION  OF  M.P.B.  INC. 
LEBANON    8,    NEW  HAMPSHIRE 
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ENGINEERS: 

IS  YOUR  COMPANY  CLOSING  DOORS  TO  YOU? 

At  Honeywell  we'll  open  the  door  to 
your  recognition  and  advancement. 

Do  you  feel  you  don't  quite  know  what's  going  on  or 
where  you're  going  in  your  job?  Are  decisions  you 
are  responsible  for  being  made  for  you?  Do  you  feel 
like  a  small  wheel  in  a  big  machine  —  that  you  never 
see  the  end  result  of  your  work?  Is  recognition  slow 
in  coming? 

If  you  are  a  good  engineer  and  qualify  for  one  of 
the  positions  we  have  open,  Honeywell  makes  you 
this  promise:  We  will  provide  freedom  to  create;  a 
highly  personal  atmosphere;  time  to  pursue  indi- 

vidual concepts;  a  chance  to  work  on  some  of  the 

nation's  most  important  defense  projects;  pleasant, unregimented  working  conditions;  recognition  and 
advancement  if  you  deserve  it. 

On  the  opposite  page  you'll  see  a  list  of  oppor- tunities our  recent  rapid  expansion  has  created.  Look 
it  over.  See  if  you  qualify.  Then  write  immediately, 
briefly  listing  qualifications  and  salary  range  to: 
William  W.  Craven,  Professional  Manpower  Staff, 
Minneapolis-Honeywell  Ordnance  Division,  600  No. 
2nd  Street,  Hopkins  (Minneapolis),  Minnesota.  All 
replies  will  be  kept  confidential  and  all  will  be 
answered. 

Honeywell 

AN  EQUAL  OPPORTUNITY  EMPLOYER 

6 



ENGINEERS
'- 

Current  Opportunities 

at  Honeywell's 
Ordnance  Division 

Weapons  Systems  Concepts  Analysis 

•  Operations  Analysis,  Economist 
•  Operations  Analysis,  Mathematician 
•  Weapons  Concepts  Analyst 
•  Human  Factors  Engineer 

Weapons  Systems  Design 
and  Analysis 

•  Dynamist,  Missile  Flight  Controls 
•  Dynamist,  Rigid  and  Flexible  Body 

Mechanics 
•  Aerodynamist,  Acoustics  and 

Vibration  Analysis 

•  Aerodynamist,  Re-entry  Heat  Analysis 
•  Dynamist,  Trajectory  Analysis 
•  Missile  Structures  Analyst 
•  Rocket  Propulsion  Analyst 

Mechanical  Design  and  Analysis 

•  Ordnance  Explosive  Device  Design 
•  Warhead  Arming/ Fusing  Designer 
•  Pyrotechnics/ Explosives  Analyst 

Electronic  Design  and  Analysis 

•  Solid  State  and  Sub-Systems  Circuit 
Designer 

•  Electro-optical  Circuit  Designer 
•  Electronic  Reliability  Engineers 
•  Military  Power  Supply  Designers 
•  Senior  Electronic  Staff  Engineers 
•  Test  and  Evaluation  Engineers 

Military  Marketing 

•  Contract  Administrators 
•  Marketing  Specialists 

To  explore  professional  opportunities  in  other 
Honeywell  locations,  coast  to  coast,  send  your 
application  in  confidence  to  Mr.  H.  O.  Eckstrom, 
Honeywell,  Minneapolis  8,  Minnesota. 

Honeywell 

letters 

Shape  of  the  Moon 
To  the  Editor: 

The  cover  of  the  Oct.  1  M/R  is  most 
interesting,  but  I  fear  that  the  caption 
is  somewhat  in  error.  It  is  claimed  on  your 
cover  that  the  photograph  denotes  the 
"Moon's  True  Shape,"  by  which,  it  is  ex- 

plained, you  mean  an  annular  eclipse  sil- houette of  the  Lunar  disc.  I  commend  to 
your  attention  a  photograph  on  page  115 
of  New  Handbook  of  the  Heavens,  by 
Bernhard,  Bennett  and  Rice  (McGraw-Hill, 
1948),  which  shows  a  photograph  of  an 
annular  eclipse  made  on  April  7,  1940. 
This  picture  was  taken  at  13,000  feet, 
aiding  in  the  lessening  of  atmospheric 
distortion. 

Actually,  due  to  the  liberation  effects 
of  Lunar  motion,  there  is  no  single  "true" silhouette  that  the  Moon  can  present.  The 
actual  situation  depends  on  many  factors; 
the  edges  can  fall  in  a  well  defined  zone, 
but  the  physical  position  within  that  region 
depends  upon  the  precise  positioning  of 
the  Moon  with  respect  to  the  Earth  and 
Sun.  Were  the  Moon  to  have  a  perfectly 
circular  orbit,  most  of  these  difficulties 
would  disappear. 

I  would  be  the  first  to  admit  that  in 
all  probability  these  are  the  largest  photo- 

graphs of  an  annular  eclipse.  However, 
in  order  to  preserve  the  accuracy  of  your 
fine  magazine,  I  thought  it  would  be  better 
brought  to  your  attention  that  previous 
photographs  of  annular  eclipses  have  been 
made. 

Stephen  A.  Kallis,  Jr. 
Huntsville,  Ala. 

Sounding  Off 
To  the  Editor: 

Congratulations  on  your  Sept.  24  edi- 
torial ("Move  Over,  Mr.  Blough").  Plain, 

outspoken,  table-pounding  expressions  of 
opinion  like  this  from  more  people  who 
have  strong  opinions  would  be  a  great  help 
in  making  this  whole  outfit  hang  together. 

Thomas  D.  Boyd 
Los  Altos  Hills,  Calif. 

To  the  Editor: 
Once  in  a  great  while,  in  these  days 

of  catering  journalism,  a  man  sounds  off 
to  restore  our  faith  and  hope.  Your  edi- 

torial is  such  a  sounding-off.  It  rings  a 
powerful  alarm. 

We  are  sending  it  around  to  some  im- 
portant people  with  the  hope  some  will 

respond  to  its  challenge. 
Glenn  A.  Green 
Director  of  Information 
National  Right  to  Work  Committee 
Washington,  D.  C. 

Reflexes 
To  the  Editor: 

Your  editorial  "Playing  with  Blocks" 
(M/R,  Aug.  27)  certainly  echoes  the  voice 

of  dissent  among  the  more  knowledgeable 
persons  working  in  the  space  business.  And 
yet,  the  object  of  your,  and  our  criticism, 
(the  blatant  rationalizations  of  people  like 
Harold  Brown,  James  Webb  and  others 
with  access  to  classified  information)  may 
be  statements  tailored  strictly  for  public 

consumption,  just  as  television's  outpour- ings reflect  the  pre-established  level  of 
the  "average"  viewing  mentality.  It  seems 
hardly  fair  for  the  public,  you  and  me,  to 
demand  a  factual  accounting  from  DOD 
officials  on  issues  affecting  national  defense 
when:  (1)  we  have  no  real  right  to  classi- 

fied information  and  (2)  we  are  not  in  a 
position  to  evaluate  the  right  or  wrong  of 
what  DOD  is  doing  to  protect  us.  Unfor- 

tunately, it  seems  officials  in  Washington 
feel  that  some  sort  of  "reflex"  action  is 
called  for  every  time  the  Russians  blast 
off,  and  about  all  they  can  come  up  with 
that  is  fit  for  news-service  distribution  is  a 
bland  statement  devoid  of  any  meaning  and 
so  completely  nonsensical  as  to  trigger  one 
of  two  reactions:  (1)  these  officials  have 
lost  their  marbles,  or  (2)  these  officials  are 
trying  to  soothe  public  indignation  and 
keep  the  editorial  writers  at  bay  so  that 
they  can  get  back  to  the  work  at  hand. 

Your  editorial  was,  I  hope,  not  directed 
at  the  same  group  as  were  Mr.  Rubel's remarks.  People  who  bother  with  Missiles 
and  Rockets  at  all  are  certainly  not  people 

who  can  believe  such  statements  as,  "We 
have  not  yet  succeeded  in  defining  a  mili- 

tary need  for  man  in  space."  Why  should Missiles  and  Rockets,  therefore,  respond 

with  a  conditioned  reflex  to  a  "stimulus" that  is  obviously  not  meant  to  stimulate? 
Be  certain,  therefore,  you  are  not  rendering 
faithful  readers  a  disservice  with  overcon- 
cern  for  public  statements  by  big-name 
Pentagonians.  There  is  enough  real  prog- 

ress made  weekly  by  hard-driving  engineers 
and  technicians  to  fill  a  space  magazine 
ten  times  the  dimension  of  M/R.  Not  to 
mention  all  the  classified  accomplishments 
and  breakthroughs  about  which  we  can 
never  be  informed  but  must  be  constantly 
reminiscent. 

Just  one  last  word,  fellas!  If  Secretary 
McNamara  and  his  boys  are  not  the  sharp- 

est and  best  available  for  the  job  of  main- 
taining our  nation's  deterrent  capability, 

you  and  others  like  you  with  a  heavy 
responsibility  to  your  readers  had  better 
help  dig  up  some  new  names  and  start 
campaigning.  There  isn't  really  time  remain- ing for  more  than  one  or  two  more  gross 
mistakes. 

Walter  H.  Trask 
Santa  Clara,  Calif. 

Dyna-Soar  GCA 
To  the  Editor: 

Since   when   is   a  ground-controlled- 
approach  system  a  "mechanical  control system"  (M/R,  Oct.  1,  p.  32)? 

George  M.  Bauer Philadelphia,  Pa. 

The  word,  of  course,  should  have  been "technical." — Ed. 
Circle  No.  2  on  Subscriber  Service  Card 7 



Closed  circuit  TV  systems  go  modern! 

KIN  TEL  puts  TV  on  a  production-line 

basis . . .  now  carries  207  separate  TV 

components  and  accessories  in  stock! 

This  means  you  can  order  a  proven, 

completely  checked-out  system  to 

handle  any  job,  and -for  standard  ap- 

plications-get delivery  within  14  days! 

KIN  TEL's  1995  TV  System 

2  BASIC  KIN  TEL  TV  SYSTEMS 

The  1995  system  is  designed  for  continuous-duty  operation 
under  the  most  adverse  conditions.  Consists  of  an  electronic 
solid  state  camera  assembly  in  a  protective  cylindrical 
housing;  a  separate,  rack  mount  camera  control  of  modular 
construction  that  may  be  located  up  to  2000  feet  from  the 
camera;  and  any  number  of  monitors.  Extremes  of  temperature, 
moisture,  noise,  vibration,  shock,  acceleration,  altitude, 
or  dynamic  pressure  will  not  affect  camera  operation.  Provides 
full  700-line  horizontal  resolution  with  GRM-series  monitors. 

The  20/20  system  consists  of  a  self-contained  camera  that 
provides  clear,  650-line  resolution  pictures  and  works 
with  any  TV  monitor— with  accessory,  you  can  even  use  the 
TV  receiver  you  have  in  your  home.  So  sensitive,  you  get 
usable  pictures  with  less  light  than  is  falling  on  this  page.  Low, 
25  watt  power  consumption;  easy-to-service,  swing-out  circuit 
boards;  and  transistor  circuits  make  for  trouble  free  operation. 

KIN  TEL's  20/20  TV  System 

TYPICAL  ACCESSORIES: 

A  wide  variety  of  accessories  for  both  systems  lets  you 
"custom  build"  a  TV  system  to  fit  your  particular  needs,  no 
matter  how  involved.  For  example:  a  light  compensation 
circuit  adjusts  the  camera  for  light  variations  as  great  as 
4000:1.  Motors  provide  remote  control  of  the  lens  turret, 
focus,  and  a  lens-speed  filter.  Sync  generators  provide  2:1 
interlace  either  in  the  standard  E.I.A.  sweep/scan  pattern 
or  in  the  Fineline  pattern  that  gives  you  greatly  increased 
vertical  resolution.  A  Westinghouse  PERMACHON 
tube  lets  you  retain  the  image  at  any  time  for  up  to  5 
minutes.  Pan/tilt  units  permit  remote  control  of  camera 
to  cover  subject  action  on  horizontal  or  vertical  planes. 

At  no  obligation,  kin  tel  engineers  will  determine  if  a  TV 
system  can  be  put  to  profitable  use  in  your  application. 
Write  direct  for  our  detailed  catalog  and  name  of  closest 
kin  tel  representative.  There's  one  in  every  major  city. 

5725  Kearny  Villa  Road,  San  Diego  12,  California  •  Phone  277-6700  (Area  Code  714) 
OOH  U 
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The  Countdown 

WASHINGTON 

MIT  Will  Develop  LEM  Guidance 

Guidance  system  for  the  Lunar  Excursion  Module  of 
the  Apollo  spacecraft  will  be  developed  by  Massachusetts 
Institute  of  Technology.  Still  to  be  decided:  whether  con- 

tracts will  go  to  the  same  industrial  team  which  supports 
MIT  on  guidance  for  the  other  Apollo  modules.  LEM 
requirements  are  somewhat  different.  This  means  new 
contractors  may  be  called  in. 

Surveyor  Set  for  Six-Month  Orbit 

First  Surveyor  spacecraft  is  scheduled  to  take  pic- 
tures and  gather  scientific  data  for  six  months  while 

orbiting  the  Moon.  NASA  still  is  planning  a  1964  launch, 
although  availability  of  the  Centaur  vehicle  by  then  re- 

mains uncertain. 

MMRBM  Future  Still  in  Doubt 

Despite  recent  narrowing  of  contractor  competition, 
future  of  the  Air  Force's  Mobile  Medium  Range  Bal- 

listic Missile  still  is  doubtful.  A  Dept.  of  Defense  official 
says  the  project  is  a  long  way  from  development  approval. 
It  may,  however,  move  into  the  Phase  I  program  defini- 

tion stage  within  a  month. 

Missile  B  Cutback  is  Feared 

Army  missile  officials  fear  growth  of  special  forces 
and  Army  aviation  may  force  a  cutback  in  funds  for 
Missile  B.  Program  approval  still  is  expected,  but  a 
stretchout  may  be  necessary  to  keep  spending  of  scarce 
Army  research  funds  within  limits. 

NASA  Schedules  Program  Briefing 

NASA  will  brief  the  missile/ space  industry  on  its 
future  program  plans  at  a  special  meeting  in  Wash- 

ington Feb.  11-12.  The  unclassified  sessions  also  will 
cover  patent  and  procurement  policies. 

NASA  Pushes  Orbital  Space  Station 

NASA  is  moving  ahead  with  plans  for  development 
of  its  Manned  Orbiting  Space  Station — although  the  pro- 

gram may  run  head-on  into  Air  Force  competition  for 
the  same  funds  (Countdown,  Sept.  24,  p.  9).  The  space 
agency  has  awarded  a  $79,487  contract  to  Lockheed 
Aircraft  Corp.  for  study  of  an  operational  self-erecting 
space  station. 

Project  Westford  Still  Active 

Dept.  of  Defense  still  is  pushing  Project  Westford 
against  strong  scientific  objections.  Reason:  Preliminary 
tests  show  that  successful  orbiting  of  the  needle  belt 
would  make  it  possible  to  transmit  large  amounts  of  data 
processing  information  over  long  distances — a  technique 
vital  to  improvement  of  U.S.  early  warning  systems.  The 
tests  used  the  Moon  as  a  passive  reflector. 

AF  May  Develop  Own  TFX  System 

Dept.  of  Defense  has  okayed  Air  Force  plans  for 
development  of  a  separate  AF  missile  and  fire  control 

system  for  the  TFX  aircraft.  Although  Navy  has  awarded 
a  study  contract  for  its  system  to  Hughes  Aircraft,  AF 
does  not  plan  similar  action  until  after  further  in-house study. 

BMEWS,  Space  Track  Merger  Seen 
Next  step  in  development  of  the  Air  Force  space 

surveillance  and  tracking  system  (see  p.  15)  may  be 
consolidation  of  the  Ballistic  Missile  Early  Warning 
System  (474-L)  and  Space  Track  (496-L)  into  a  single L-system. 

INDUSTRY 

Atlas  Launch  Vehicle  Contract  Due 

Award  of  a  $78-million  Space  Systems  Division  con- 
tract to  General  Dynamics/ Astronautics  for  35  Stand- 

ardized Space  Launch  Vehicles  for  Air  Force  and  NASA 
programs  will  cover  the  basic  Atlas  missile  plus  electronic 
systems  kits  containing  telemetry,  tracking  and  autopilot 
gear.  Two  types  of  radio-inertial  guidance  will  be  pro- 

vided to  permit  launch  from  both  Atlantic  and  Pacific 

Missile  Ranges.  Engines  will  be  Rocketdyne  MA-5's souped  up  to  380,000  lbs.  thrust.  First  delivery  is  due 
in  a  year. 

First  Ion  Engine  Due  for  Space  Launch 

Multiple-beam  ion  engine  due  to  ride  an  Air  Force 
Blue  Scout  into  space  before  the  end  of  next  month 
(see  p.  28)  is  believed  to  generate  about  one-tenth-lb. - 
thrust  with  neutralized  beams  provided  by  ionization 
of  cesium  propellant  with  heated  tungsten  buttons.  The 
highly  classified  engine  was  built  by  Electro-Optical  Sys- 

tems, Inc.,  under  a  contract  awarded  in  February,  1960. 
This  is  the  first  flight  test  of  an  operating  electric  pro- 

pulsion system. 

Formal  120-in.  Contract  Signed  with  UTC 
Interim  Air  Force  contract  for  preliminary  work  on 

the  120-in.  solid  boosters  for  Titan  III  now  has  been 
signed  by  United  Technology  Corp.  and  Space  Systems 
Division.  Contract  calls  for  preparation  of  a  program 
plan  which  will  cover  design,  fabrication,  test  schedules, 
preparations  of  preliminary  model  specifications  and 
establishment  of  liaison  with  Martin  Co.  and  Atlantic 
Missile  Range.  Award  follows  announcement  last  May  9 
of  preliminary  negotiations. 

INTERNATIONAL 

British  Missile  Work  Transferred 

Work  on  the  British  Swingfire  antitank  missile  for- 
merly carried  out  by  Fairey  Co.  Ltd.  in  its  Weapons 

Division  at  Heston  has  been  transferred  to  British  Air- 
craft Corp.  at  Stevenage.  Purpose:  to  put  this  and  other 

missile  work  under  one  of  the  large  missile/  aircraft 
groups.  Fairey  has  a  50%  interest  in  the  BAC  subsidiary. 

Exports  to  Russia  are  Checked 

Britain's  Board  of  Trade  has  embargoed  shipment  of 
electron-beam  welding  and  melting  equipment  to  the 
Soviet  Union.  Reason:  possibility  of  use  in  development 
of  missile  and  space  vehicles. 
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The  Missile / Space  Week 

Rubel  Defends  Space  Program 

DOD  expenditures  on  space  de- 
velopments "have  been  remarkably 

high  in  relation  to  viable  concepts 
for  military  applications  in  space," Assistant  Secretary  of  Defense  John 
H.  Rubel  told  a  meeting  of  the  Aero- 

space Luncheon  Club  last  week. 
In  a  speech  billed  as  "the  most 

complete  roundup  of  Defense  views 
to  date,"  Rubel  pointed  out  that  de- 

spite "extraordinary  efforts"  over 
the  past  few  years,  "no  really  new 
ideas  for  the  military  utilization  of 

space  have  been  evolved." 
In  spite  of  this,  he  said,  DOD  has 

increased  the  scope  of  its  develop- 
ment effort  by  a  factor  of  more  than 

three  over  the  last  three  years. 
Rubel  noted  that  "about  half  of 

our  efforts  are  directed  at  clear, 
identifiable  needs  but  that  half  of 
them  are  not,  and  comprise  a  very 
extensive  program  of  technologi- 

cal insurance  against  an  uncertain 
future." 

In  the  first  category,  Rubel  listed 
the  development  of  communications 

satellite  systems,  navigational  satel- 
lites, and  a  satellite  system  for  bal- 
listic missile  warning. 

The  second  major  class  of  effort 
being  supported  by  DOD  is  aimed 
at  evolving  new  opportunities,  at 
creating  a  vigorous  and  broad  base 
of  new  technology  and  even  of  de- 

vices and  systems  for  possible  future 
application,  "even  though  the  re- 

quirements for  these  are  incomplete 

or  altogether  absent." These  programs  include  Titan  III, 
for  which  no  specific  military  mis- 

sion requirement  presently  exists. 
However,  DOD  feels  that  Titan  III 
is  an  essential  "building  block," 
should  future  military  space  mis- 

sions materialize. 
Other  exploratory  and  advanced 

developments  aimed  at  evolving 
"technological  building  blocks"  total 
$300  million  and  include:  a  variety 
of  efforts  in  bioastronautics,  the  de- 

velopment of  advanced  sensors,  the 
evolution  of  advanced  propulsion 
systems  and  power  supplies,  develop- 

ments in  materials  and  a  multitude 
of  efforts  to  learn  more  about  space 

flight  and  the  space  environment. 
"Many  of  the  applications  that 

have  been  contemplated  seem  to  us 
today  to  be  unlikely  if  not  infeasi- 
ble,"  Rubel  said.  "Most  manned  mili- 

tary missions  in  space  still,  after 
years  of  study,  seem  little  or  no 
more  viable  than  they  ever  did.  The 
same  may  be  said  of  many  unmanned 
systems,  especially  systems  employ- 

ing offensive  weapons  in  space,"  he added. 

Shots  of  the  Week 

•  An  Oct.  10  Air  Force  announce- 
ment revealed  another  secret  firing 

from  Vandenberg  AFB — using  a 
Thor-Agena  booster  complex,  possi- 

bly for  a  Discoverer  vehicle.  Success 
or  failure  of  the  shot  was  not  af- 

firmed, and  no  other  details  were 

given. 
•  NASA  pilot  John  McKay  put 

X-15  No.  2  to  its  most  decisive  re- 
entry stability  test  Oct.  9.  Test  of 

the  vehicle  with  its  stability  aug- 
mentation system  shut  off  and  its 

ventral  fin  removed  was  made  at 

TECHNICAL 

REPRESENTATIVES 

Beckman  Systems  Division  has  three 
position  openings  for  engineers 
qualified  in  data  reduction  systems, 
real-time  computer  applications,  or 
telemetry  communications.  To  qualify, 
a  B.S.  in  electronics  is  mandatory. 
Technical  experience  should  include 
at  least  three  years  in  project  or 
applications  engineering. 
Position  responsibilities  are  twofold. 
First,  each  man  will  have  the  technical 
responsibility  to  design  and  propose 
systems  within  a  product  line. 
Second,  representatives  will  make 
customer  contacts  and  provide 
technical  support  on  major  proposal 
efforts.  30-50%  travel  will  be necessary. 

To  obtain  additional  information  and 
to  arrange  a  personal  interview, 
write  R.  McEvers. 

INSTRUMENTS.  INC. 
Fullerton.  California 

An  equal  opportunity  employer. 
Circle  No.  1  3  on  Subscriber  Service  Card 

Obtain  endgrain  ignition  of  a  solid 
rocket  motor.  Igniter  to  incorporate 
maximum  simplicity  and  reliability. 
Igniter  to  be  manufactured  as  an  in- 

tegral part  of  motor;  yet  the  same 
level  of  safety  must  be  maintained 
as  in  a  motor  without  an  igniter. 

Construct  fuze  train  capable  of  sur- 
viving tremendous  impact  shocks  in 

virtually  any  plane  and  still  maintain 
desired  operating  characteristics. 

Solution: 

Wire 

Solution 

Braid 

PYROFUZE  is  a  bimetallic  composition,  the  elements  of  which  at 
650°  C.  alloy  violently  and  exothermically  resulting  in  deflagration without  support  of  oxygen  .  .  .  Write  for  data. 

PYROFUZE  CORP. 
An  Affiliate  of  SIGMUND  COHN  CORP. 

121  So.  Columbus  Ave.,  Mount  Vernon,  N.  Y. 
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129,000  ft.  and  a  speed  of  Mach  5.3. 
McKay  executed  the  most  radical 

maneuvers  of  the  X-15  to  date  to 
determine  effects  of  excessive  yaw 
on  re-entry. 

•  The  third  test  flight  of  the 
Polaris  A-3  Oct.  5  was  termed  by 
Navy  sources  the  best  yet.  First- 
stage  burn  was  described  as  excel- 

lent. The  second  stage  burned  well 
until  it  went  out  of  control  near 
burnout  and  was  destroyed  by  the 
range  safety  officer.  AS  is  designed 
for  a  2500-nautical-mile  range. 

•  An  Air  Force  Titan  I  ICBM 
was  successfully  launched  Oct.  6 
from  a  silo  lift  facility  at  Vanden- 
berg  AFB  by  Strategic  Air  Com- 

mand, contractor  and  AF  Systems 
command  personnel.  Mission  was 
further  confirmation  of  total  weapon 
system  operation  and  obtaining 
added  data  for  evaluation  of  various 
missile  systems. 

•  A  missile  combat  crew  of  SAC's 
565th  Strategic  Missile  Squadron 
from  Warren  AFB,  Wyo.,  launched 
an  Atlas  ICBM  from  Vandenberg 
AFB  on  Oct.  2.  It  was  part  of  a  pro- 

gram allowing  crews  from  opera- 
tional sites  to  demonstrate  readiness 

with  actual  launches  at  Vandenberg. 

ComSat  Incorporators  Named 
President  Kennedy  last  week 

named  13  incorporators  to  set  up 
the  communication  satellite  corpora- 

tion. The  following  nominees  are 
subject  to  Senate  confirmation: 

Edgar  Kaiser,  Kaiser  industries, 
Lafayette,  Calif.;  David  Kennedy, 
board  chairman  and  chief  executive 
of  The  National  Bank  and  Trust  Co., 
Chicago;  Philip  Graham,  publisher 
of  the  Washington  Post  and  Times 
Herald;  Sidney  Weinberg,  director 
of  several  companies,  including  Gen- 

eral Electric,  Ford  Motor  Co.,  and 
B.  F.  Goodrich  Co. 

Also  nominated  were  Bruce  Sund- 
lun,  Washington  attorney;  Byrne 
Litschgi,  Tampa,  Fla.,  attorney; 
Beardsley  Graham,  president  of 
Spindletop  Research,  Inc.,  Lexing- 

ton, Ky. ;  Leonard  Woodcock,  vice 
president  of  United  Automobile, 
Aircraft  and  Agricultural  Workers 
of  America,  Grosse  Point  Park, 
Mich.;  Sam  Harris,  New  York  at- 
torney. 

Also  George  Feldman,  Boston, 
Washington  and  New  York  attor- 

ney; Leonard  Marks,  Washington 
attorney;  John  Connor,  president  of 
Merck  and  Co.,  Rahway,  N.J. ;  and 
George  Killion,  president  of  Ameri- 

can President  Lines,  Oakland,  Calif. 
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Ranger  V  To  Try  Moon  Shots 
This  week,  NASA  will  make  its 

third  attempt  to  take  closeup  pic- 
tures of  the  Moon  with  a  Ranger 

spacecraft. 
The  launch  of  Ranger  V  from 

Cape  Canaveral  is  scheduled  for  Oct. 16-19. 
In  addition  to  its  camera  work, 

it  is  also  hoped  that  the  755-lb. 
spacecraft  will  gather  information 
on  the  composition  of  the  lunar  sur- 

face and  land  an  instrumented  cap- 
sule on  the  Moon. 

Mariner-Venus  Gap  Widens 
NASA  scientists  now  report  that 

the  Mariner  II  spacecraft  will  miss 
Venus  by  some  20,900  miles. 

Officials  said  that  although  the 
goal  was  a  10,000-mile  fly-by,  the 
greater  distance  will  not  destroy  the 
spacecraft's  ability  to  send  back  val- uable scientific  data. 

Mariner  II  was  launched  on  Aug. 
27  on  a  trajectory  which  would  have 
taken  it  233,000  miles  from  the 
planet.  On  Sept.  4,  a  midcourse  guid- 

ance correction  was  made  and  offi- 
cials reported  the  spacecraft  would 

pass  within  9000  miles  of  Venus. 
Officials  now  report,  however,  that 
additional  telemetry  indicates  the 
distance  will  be  20,900  miles. 

S-IV  Passes  Static  Test 

NASA  chalked  up  another  ma- 
jor milestone  in  its  Project  Apollo 

launch  vehicle  program  with  a  full- 
flight-duration  static  test-firing  of 
the  Saturn  booster's  S-IV  stage. 

The  S-IV  test  was  conducted  Oct. 
5  at  the  Sacramento,  Calif.,  test  fa- 

cility of  Douglas  Aircraft  Co.,  prime 
contractor  for  the  stage.  It  marked 
the  first  time  the  stage,  composed 
of  six  Pratt  &  Whitney  RL-10  en- 

gines, had  been  fired  for  a  full  seven 
minutes. 

MMRBM  Contractor  Omitted 

A  list  of  the  contractors  se- 
lected for  continued  work  on  the 

Air  Force's  MMRBM  program 
published  last  week  in  Missiles 
and  Rockets  inadvertently  omit- 

ted the  Ford  Instrument  Div.  of 
Sperry  Rand  Corp.,  which  was 
selected  as  part  of  a  team  to  con- 

tinue study  of  the  re-entry  sys- 
tem for  the  missile. 

Ford  Instrument  is  the  third 
member  of  the  Aeronutronic-Fair- 
child  Stratos  Corp.  team  named 
to  conduct  further  studies  on  the 

system. 

Indicates  G- forces 
at  18  switching  levels 

new  3-axis 

acceleration 

switch 

Genisco's  new  GBM  Series  3-axis  multi- 
ple level  inertia  switch  provides  the 

aerospace  industry  with  proved,  new 
degrees  of  reliability  and  versatility.  Orig- 

inally designed  for  shock  detection  in 
a  missile  transport  monitoring  system, 
the  GBM  detects  the  level  of  shock  from 
any  direction.  Separate  circuits  set  to 
operate  at  different  G  inputs  and  on 
vertical,  longitudinal,  and  transverse 
planes  give  eighteen  different  switching 
levels.  The  GBM  is  gas-damped  and 
hermetically  sealed.  It  has  a  true  accel- 
erometer  response  and  is  accurate  with- 

in 5%  full  scale. 

single-level, double-level, 

triple-level switches,  too 

Typical  of  Genisco's  broad  line  of  ac- celeration switches  is  Model  GBS  shown 
here.  The  small,  multiple-level  switches, 
possess  the  high-reliability  characteristics 
of  the  GBM  Series  above.  For  precise 
switches  with  true  accelerometer  charac- 
te  is.ics.  write  Genisco  MR-2009-1. 

G enisco 
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More  range,  pay  load . . . 

Advanced  Minuteman  Details  Revealed 

Air  Force  adds  airborne  control  center 

launch  ability,  redesigns  second  stage 
by  James  Trainor 

FIRST  DETAILS  of  the  Advanced 
Minuteman  ICBM  were  disclosed  last 
week  by  the  Air  Force. 

Development  of  the  improved  mis- 
sile, with  increased  payload  capability, 

is  expected  to  cost  between  $400-$500 
million  over  the  next  three  to  four 
years. 

Already  under  active  development 
by  the  Air  Force  with  full  support  from 
the  Dept.  of  Defense,  the  advanced  solid- 
fueled  ICBM  is  expected  to  become  op- 

erational in  1965-66. 
Study  of  the  advanced  version  of 

the  Minuteman  was  undertaken  in  May, 
1961.  During  the  eleven-month  study 
which  followed,  industry,  Air  Force 
and  the  Dept.  of  Defense  made  recom- 

mendations on  improving  the  payload- 
range  capability  of  the  system. 

One  of  the  most  important  improve- 
ments will  be  the  ability  to  order 

launch  of  the  Minuteman  force  from 
mobile  control  centers  as  well  as  from 
airborne  control  centers.  If  the  Rus- 

sians have  any  plans  to  destroy  U.S.  re- 
taliation capability  by  attacking  control 

centers,  one  Air  Force  official  pointed 
out,  the  mobile  launch  control  should 
disabuse  them  of  this  idea. 

•  Second  stage  improved — As  a  re- 
sult of  the  study,  most  of  the  Minute- 

man  improvements  will  be  concentrated 
in  the  second  stage.  The  study  conclu- 

sively proved  that  the  greatest  range- 
payload  improvements  could  be  made 
at  the  least  cost  by  developing  a  new 
second  stage. 

Some  improvement  in  specific  im- 
pulse will  be  made  in  the  stage  (pre- 

sumably with  boron  additives),  but  the 
major  gain  will  be  achieved  by  replac- 

ing the  present  steel  motor  case  with  a 
titanium  case.  Although  a  fiberglas  case 
is  used  in  the  Minuteman  third  stage  and 
was  considered  for  the  improved  sec- 

ond stage,  the  Air  Force  selected  tita- 
nium because  of  a  conviction  that  fiber- 

glas wouldn't  stand  up  under  the  bend- 
ing moments  of  the  missile's  launch. 
Several  methods — including  fluid  in- 

jection— are  being  considered  for  the 
thrust  vector  control  of  the  improved 
stage.  The  present  stage  is  controlled  by 
swiveling  the  nozzles. 

A  third  area  of  stage  improvement 

FREE  FLIGHT  test  of  Minuteman  from 
Air  Force  Missile  Test  Center  at  Cape 
Canaveral. 

is  optimization  of  the  staging  ratio. 
When  the  first  development  of  the  Min- 

uteman was  undertaken,  a  decision — 
dictated  by  both  cost  and  schedule — 
was  made  to  develop  the  missile  off  op- 

timum staging  ratio.  Now,  by  optimiza- 
tion, a  further  gain  in  performance  is 

possible.  The  first  successful  static  fir- 
ing of  one  version  of  the  improved  sec- 
ond stage  already  has  been  conducted. 

•  Accuracy  also  improved — In  ad- 
dition to  the  gain  in  range-payload 

capability,  the  Advanced  Minuteman 
will  have  significantly  improved  accu- 

racy. These  improvements  are  basically 
modifications  to  the  present  guidance 
system  through  product  improvement 
and  the  substitution  of  different  com- 

ponents into  the  system. 
Reduction  of  the  CEP,  although 

classified,  is  rather  substantial,  accord- 
ing to  a  Defense  official.  In  the  Min- 

uteman program,  he  noted,  "we  have 
never  been  interested  in  just  a  10-15 

percent  improvement  but  only  in  really 
significant  advances.  And  I  think  it  is 

safe  to  say  that  this  applies  to  CEP." The  two  other  major  changes  in  the 
Advanced  Minuteman  are  the  signifi- 

cant reduction  of  Aerospace  Ground 
Equipment  and  the  simplified  launch 
control  system.  Reduction  of  AGE  is 
expected  to  increase  reliability.  Sim- 

plification of  the  launch  control  system 
has  made  the  system  more  redundant 
and  invulnerable. 

Both  of  these  changes  resulted  from 
a  review  of  the  entire  Minuteman  sys- 

tem to  see  where  it  could  be  simplified. 
Since  the  ICBM  was  developed  on  a 
crash-program  basis,  it  had  not  been  op- 

timized by  one  central  authority.  In- 
stead, it  was  put  together  from  equip- 

ment built  by  Boeing,  Sylvania,  other 
contractors  or  in-house  by  the  Air 
Force.  The  review  of  the  complete  sys- 

tem eliminated  much  of  the  unavoida- 
ble duplication. 
•  Flexibility  gained — When  the  Ad- 

vanced Minuteman  becomes  operational 
in  1965-66,  the  range-payload  of  the 
missile  will  no  longer  be  a  restraint  as 
far  as  basing  is  concerned.  This  means 
that  Minuteman  hardened  and  dispersed 
bases  will  have  the  ability  to  strike  tar- 

gets in  the  Soviet  Union  from  bases  in 
the  southern  U.S.  or  outside  the  U.S. 

In  addition,  the  Advanced  Minute- 
man  will  give  SAC  a  comfortable  mar- 

gin for  the  southward  growth  of  targets 
within  the  Soviet  Union. 

Capable  of  replacing  older  versions 
of  the  Minuteman  without  extensive 
modifications  to  the  silos,  the  advanced 
missile  is  expected  to  have  the  same 
per  unit  cost  as  the  present  version — 
approximately  $3.5  million  in  the  silo. 

Initially,  Minuteman  was  an  "all  or 
nothing"  system  in  which  all  the  missiles were  salvoed.  As  the  system  is  improved, 
however,  a  selective  response  will  be 
possible  in  which  all,  several,  or  just 
one  Minuteman  can  be  fired. 

Finally,  the  increased  range-payload 
will  enable  each  missile  to  carry  a 
greater  number  of  penetration  aids  as 
well  as  an  increased  yield  warhead.  A 
new  re-entry  body  for  Minuteman  is 
under  development  to  take  maximum 
advantage  of  this  increased  capability.  8 

12 missiles  and  rockets,  October  15,  1962 



NASA  prompts  review... 

Apollo  Contractors  Move  to  Cut  Costs 

Generalized  effort  to  trim  excesses 

out  of  program  will  continue  for  two  months 
by  Russell  Hawkes 

Downey,  Calif. — Apollo  contrac- 
tors have  embarked  on  an  intensive 

effort  to  cut  costs  and  make  more 
realistic  cost  projections  in  response  to 
concern  voiced  by  NASA  officials  D. 
Brainerd  Holmes  and  Robert  Gilruth 
(M/R,  Oct.  8.  p.  16). 

A  comprehensive  program  review, 
expected  to  continue  for  about  another 
60  days,  will  reassess  all  aspects  of  the 
program — with  special  attention  to  test 
requirements,  simulator  programs  and 
computer  operations.  The  level  of 
technical  sophistication  required  in 
some  Apollo  subsystems  is  also  being 
reconsidered. 

John  VV.  Paup,  Apollo  program 

manager  for  North  American  Aviation's 
Space  and  Information  Systems  Divi- 

sion (SISD).  told  Missiles  and  Rock- 
ets the  cost  review  is  a  generalized 

effort  to  squeeze  fat  out  of  the  program 
and  is  not  aimed  at  reducing  costs  to 
any  specific  level. 

He  cited  two  reasons  for  the  ex- 
cessive growth  of  Apollo  costs,  one 

quite  common  to  large  space  and  de- 
fense programs  and  one  peculiar  to 

Apollo.  The  first  was  the  broad  and 
general  nature  of  work  statements  nego- 

tiated with  all  contractors  at  the  outset 
of  the  program,  which  permitted  a  lot 
of  duplication  in  planning.  The  second 
was  an  cdd  tendency  of  contractors  to 
ignore  their  own  management  experi- 

ence in  other  programs  because  of  a 
feeling  that  the  unprecedented  scale  and 
spectacular  goal  of  the  program  put  it 
beyond  the  scope  of  proven  methods. 

Paup  said  NASA  and  the  contractor 
team  headed  by  SISD  are  now  in  the 
process  of  making  work  statements  more 
specific.  All  contractors  have  been  en- 

couraged to  challenge  their  own  and 
each  other's  stated  requirements,  and 
Manned  Spacecraft  Center  chief  Gil- 

ruth has  advised  Paup  that  not  even 
NASA  requirements  are  to  be  consid- 

ered sacred.  Paup  said  contractors  have 
shown  no  reluctance  to  make  or  accept 
suggestions.  Uncertainties  about  who  is 
to  perform  certain  component  and  sub- 

system tests,  data  reduction  tasks  and 
simulator  programs  are  now  being 
resolved. 

Paup  will  soon  contact  major  sup- 

pliers to  ask  them  to  challenge  SISD 
requirements  and  to  give  them  a  feed- 

back on  what  SISD  is  doing  in  its  own 
shop  to  eliminate  marginally  useful 
tasks  and  requirements.  As  one  step. 
SISD  has  dropped  plans  for  some 
mock-ups  and  boilerplate  models  orig- 

inally scheduled  for  erection  in  Teepee 
Town:  at  the  Downey,  Calif,  plant. 
The  reduction  in  the  number  of  these 
models  is  about  10%,  but  the  cost 
saving  may  be  somewhat  more  or  less 
than  that. 

•  Two  fronts — The  industrial  team 
is  mounting  a  two-pronged  attack  to 
bring  the  experience  of  previous  pro- 

grams into  Apollo.  One  part  is  an  anal- 
ysis of  the  specific  tasks  to  be  per- 

formed by  the  various  contractors  and 
a  review  of  the  methods  used  on  similar 
tests  in  projects  within  the  experience  of 
people  and  companies  now  employed  in 
the  Apollo  program. 

At  the  same  time,  the  team  is  mak- 
ing a  detailed  study  of  the  progress  of 

other  major  programs  by  reference  to 
such  indicators  as  the  number  of  engi- 

neering drawings  produced,  the  number 
of  computer  hours  required  and  the 
number  of  engineering  man-hours  ex- 

pended. Paup  said  that  as  the  Apollo 
industrial  team  learns  to  draw  on  ex- 

perience gained  in  similar  elements  of 
such  other  programs  as  Mercury.  Gem- 

ini. X-20  (Dyna-Soar)  and  X-15,  Apollo 
cost  and  schedule  projections  are  be- 

coming more  accurate. 
As  part  of  the  cost-cutting  program, 

some  fundamental  Apollo  design  phi- 
losophies are  being  questioned.  Paup 

said  "In  Apollo  we  must  get  extreme 
reliability  during  a  considerable  period 
of  time  during  which  little  or  no  main- 

tenance will  be  possible.  Since  the  num- 
ber of  Apollo  vehicles  to  be  built  and 

flown  will  be  small,  the  reliability  of 
the  system  must  be  determined  by 
ground  tests  and  the  number  of  these 
establishes  the  level  of  our  confidence 
in  our  estimate  of  that  reliability.  Now 
we  are  trying  to  learn  the  cost  of  differ- 

ent confidence  levels.  It  may  be  that 
we  can  reduce  the  amount  of  testing 
considerably  without  lowering  our  con- 

fidence in  the  reliability  estimate  very 

much." 

At  present.  SISD  officials  believe  the 
Apollo  schedule  is  realistic,  and  they 
expect  to  meet  program  milestones  on 
time.  The  goal  of  the  big  cost-cutting 
program  is  to  get  the  maximum  reduc- 

tion that  can  be  had  without  any  radi- 
cal schedule  changes. 

•  Simplification — Efforts,  not  nec- 
essarily a  part  of  the  cost-reduction 

program,  are  being  made  to  simplify 
the  design  of  the  Apollo  vehicle.  These 
can  be  expected  to  reduce  costs  by 
eliminating  some  design  tasks  and  by 
cutting  the  number  of  items  to  be  tested. 
"We  ask  ourselves,"  Paup  said,  "if 
this  item  failed  during  the  countdown, 
would  vou  still  launch?  If  the  answer 

is  yes,  why  carry  it  at  all?" Simplification  of  on-board  electron- 
ics may  result  from  changes  being  con- 

sidered for  the  Ground  Operations 
Support  Systems  (GOSS)  coordinated 
network  of  stations  that  will  handle 
tracking,  telemetry  and  communications 
responsibilities.  NASA  criticism  of  cost 
estimates  for  the  Apollo  guidance  and 
navigation  system  was  particularly 
strong,  but  SISD  officials  would  not 
comment  on  it  because  the  system  is 
being  developed  by  a  separate  industrial 
team  under  the  leadership  of  associate 
contractor  Massachusetts  Institute  of 
Technology,  and  is  received  by  SISD  as 
government-supplied  equipment. 

(An  MIT  spokesman  noted  that 
MIT  has  only  technical  supervision  of 
the  guidance  team,  and  does  not  con- 

trol cost  estimates  of  industry"  members. 
He  said  MIT's  own  costs  were  "well 
within"  its  first  estimates.  Spokesmen 
for  industry  firms  denied  that  they  had 
had  overruns — or  declined  to  comment. ) 

As  in  all  present  large  programs, 
successive  phase  of  research,  develop- 

ment, test  and  production  will  overlap 
chronologically.  This  entails  some  risk 
to  cost  estimates.  The  degree  of  con- 

currency will  probably  be  low  for  sub- 
systems which  can  rely  on  the  tech- 

nology developed  in  the  missile  program 
and  earlier  space  programs.  However, 
subsystems  needed  for  the  totally  new 
business  of  deep  spaceflight,  lunar  op- 

erations, and  atmospheric  re-entry  -at 
lunar-return  velocity  will  require  a  high 
degree  of  concurrency. 
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Administration  seeks  backing  .  .  . 

New  Study  of  Space  Benefits  Weighed 

Urey  may  be  picked  to  head  special  committee  reporting  on 

advantages  accruing  from  costly  program;  MA-8  stirs  confidence 

by  Hal  Taylor 

THE  KENNEDY  Administration  is 
considering  establishment  of  a  special 
ad  hoc  committee  to  study  benefits  of 
the  U.S.  space  exploration  program. 

Informed  sources  report  that  Dr. 

Harold  B.  Urey,  University  of  Califor- 
nia scientist,  may  be  selected  to  head 

the  group. 
A  White  House  official  admitted  that 

the  committee  study  is  being  considered 

by  the  Administration.  No  decision  has 
yet  been  made. 

"We  feel  that  there  are  benefits  to 
be  derived  from  a  careful  analysis  and 
delineation  of  the  large  number  of  rea- 

sons for  space  exploration,"  he  said. Possible  establishment  of  the  com- 
mittee makes  it  apparent  that  the  Ken- 

nedy Administration  believes  more  pub- 
lic support  must  be  generated. 
The  space  program — both  civilian 

and  military — is  reaching  the  point 
where  the  already  heavy  costs  will  soar 
even  higher.  The  space  budget  will  jump 
to  about  $7  billion  in  Fiscal  1964,  and 
total  budgets  of  $8-$9  billion  in  the 
years  following  are  almost  certain. 

The  committee  study  probably  will 
also  be  concerned  with  the  military  im- 

portance of  space  and  the  role  of  Dept. 
of  Defense  in  space  programs. 

•  Ability  proven — The  official  in- 
dication that  the  U.S.  space  program 

needs  even  more  vindication  came  in  the 
face  of  another  successful  manned  space 
flight  which  space  agency  officials  said 
proved  that  the  Mercury  spacecraft  is 
operational  and  that  the  U.S.  has  the 
technical  launch  competence  to  execute 
rendezvous  missions. 

Astronaut  Walter  M.  Schirra  hailed 
the  flight  as  an  engineering  success  and 
declared  that  it  proved  the  spacecraft 
was  operational  for  a  one-day  mission 
next  year. 

The  rendezvous  capability  was 
claimed  by  NASA  officials  at  the  Mer- 

cury Control  Center  at  Cape  Canaveral. 
Schirra  declared  that  he  had  no 

trouble  maintaining  attitude  at  any  point 

during  the  flight.  "Even  while  drifting," 
he  told  a  press  conference,  "I  could  de- termine almost  exactly  what  my  yaw 

attitude  was." He  also  reported  he  suffered  no 

space  sickness  during  the  flight.  "There were  no  breakoff  phenomena,  there  was 
no  uneasiness,  there  was  no  queasiness. 
I  felt  great  and  I  would  have  liked  to 
continue  for  12  more  orbits,"  the  astro- naut said. 

Schirra  also  disclosed  that  at  one 
point  during  the  flight,  he  flipped  a 
switch  cutting  off  all  ground  control  of 
the  spacecraft. 

He  said  he  took  the  prearranged 

step  to  "prove  that  it  was  my  capsule." 

CLOSEUP  of  upper  portion  of  Astronaut  Walter  Schirra's  MA-8  capsule  shows  shingles 
of  ablative  material  around  neck.  Shingle  at  left  clearly  reveals  burn  marks. 

Spacesuit  Heating  Believed  Solved 

MERCURY  OFFICIALS  say 
they  think  they  have  licked  the  space- 
suit  heating  problem  that  almost 
forced  abortion  of  Walter  Schirra"s 
flight  after  the  first  orbit. 

Although  the  cooling  system  is 
still  undergoing  rigorous  testing,  Dr. 
Charles  Berry,  MA-8  flight  surgeon, 
said  the  problem  seems  to  have  been 
in  finding  the  right  setting  for  the 
control.  In  ground  simulations,  the 
eight-notch  dial  was  set  at  about  3 
or  4.  However,  in  weightlessness, 
Schirra  proved  that  it  had  to  be  about 

7]/2  to  8.  Future  flights  will  probably 
start  out  with  that  control  setting. 

Weightlessness  seems  to  pose  no 
problems  to  the  astronaut  in  his  abil- 

ity to  sense  his  position  with  respect 
to  his  capsule  and  the  ground,  Dr. 
Berry  told  M/R.  Schirra  completed 
two  simple  tests  with  his  eyes  closed 
during  each  orbit,  and  in  each  was 
able  to  tell  were  his  instruments  were 
and  what  his  position  was.  In  fact, 
he  became  extremely  proficient  at  it 

toward  the  flight's  end. 
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With  SPADAT5  award . . . 

AF  Starts  to  Build 

Detection  Net  for  '70  s 

Schirra  also  confirmed  the  "fireflies" 
reported  by  Astronauts  John  Glenn,  Jr. 
and  M.  Scott  Carpenter.  He  said  he  be- 

lieved they  originated  from  the  capsule 
surface. 

•  Better  craft  —  Mercury  Control 
Center  officials  credited  the  remarkable 
operation  of  MA-8  spacecraft  to  the 
fact  that  Mercury  officials  froze  modifi- 

cations more  than  two  months  before 
the  flight. 

They  said  that  the  decision  "gave 
Schirra  a  better  spacecraft." 

The  briefing  officers  pointed  out  that 
Schirra  "stuck  closer  to  his  flight  plan 
than  Glenn  or  Carpenter,"  but  added that  this  resulted  from  trouble-free 
operation  of  MA-8.  Glenn  experienced 
trouble  with  his  thrusters  and  Carpen- 

ter had  difficulties  with  the  horizon 
scanners. 

No  attempt  was  made  to  assess  the 
value  of  the  13.5-ft.-long  "rabbit-ear" 
antennas  carried  on  MA-8.  It  was 
pointed  that  out  the  flight  was  made  dur- 

ing "a  bad  day  for  radio." Performance  of  the  booster  was  well 
within  Mercury  flight  tolerances;  the 
spacecraft  achieved  a  trajectory  that 
could  have  continued  for  at  least  80 
orbits. 

Present  plans  for  MA-9,  the  next 
Mercury  flight,  call  for  the  same  booster 
cutoff  as  in  the  MA-8  flight,  with  no 
increase  in  booster  performance. 

•  Weight  problem  —  The  briefers 
said  the  MA-9  probably  will  weigh  less 
than  Schirra's  Sigma  7,  to  increase 
insertion  probabilities  and  assure  that 
the  weight  can  be  handled  by  the  retro 
rockets.  They  said  it  "definitely"  will 
not  weigh  more  than  MA-8. 

There  was  no  clear-cut  indication 
of  where  weight  will  be  saved  in  the 
MA-9  capsule. 

The  briefers  said  the  one-day  space- 
craft will  need  more  redundant  sys- 
tems, additional  fuel  and  extended  life 

support  facilities. 
A  tank  will  carry  an  additional  15 

lbs.  of  fuel  to  back  up  the  manual 
and  automatic  attitude  control  systems. 
The  reserve  tank  will  be  connected  with 
both  systems  for  use  as  needed. 

Other  increases  include  more  bat- 
teries, additional  oxygen  for  breathing, 

more  water  for  drinking  and  suit 
temperature  control,  and  an  extra 
pound  of  lithium  hydroxide  for  remov- 

ing carbon  dioxide  fro  mthe  air. 
The  tracking  network  will  undergo 

few  changes  for  the  MA-9  mission. 
To  accomplish  the  requirement  of  at 
least  one  command  capability  for  each 
orbit,  the  Pacific  command  ship  used 
for  MA-8  will  be  shifted  to  a  point 
off  the  west  coast  of  South  America. 
The  Indian  Ocean  ship  will  remain  in 
the  same  position  it  occupied  during 
the  last  Mercury  flight.  8 

A  CONTRACT  AWARD  to  the 
Bendix  Corp.  to  design,  develop  and 
build  the  giant  SPADATS  radar  is  the 
first  step  in  development  of  an  Aero- 

space Surveillance  and  Warning  Sys- 
tem for  detecting  satellites  out  to  cis- 

lunar  ranges.  Contract  for  the  multi- 
million-dollar radar  was  awarded  last 

week. 

One  of  the  two  key  elements  of  the 
Air  Force's  Specific  Operating  Require- 

ment (SOR)  197,  the  SPADATS  radar 
— named  for  the  Air  Defense  Com- 

mand's Space  Detection  and  Tracking 
Systems  at  Colorado  Springs,  Colo. — 
is  a  prototype  radar  which  will  be 
built  and  tested  at  Eglin  AFB,  Fla. 

The  radar,  330  ft.  long  and  144  ft. 
high,  is  a  phased-array  system  which 
scans  electronically  and  is  therefore 
capable  of  tracking  many  separate  ob- 

jects concurrently.  The  active  array  ele- 
ments are  set  on  an  angle  of  inclination 

of  45°. The  SPADATS  radar  is  expected 
to  be  ready  for  testing  April  1,  1964, 
with  a  nine-month  evaluation  and  test- 

ing period  to  follow  immediately.  In 
the  joint  Army/Navy/ Air  Force  no- 

menclature, the  SPADATS  radar  is 
known  officially  as  the  AN/FPS-85. 

There  are  no  present  plans  to  buy 
or  build  more  than  ong  A.N/FPS-85. 
The  Air  Force  expects  to  learn  from 
the  SPADATS  radar  test  program  and 
to  take  advantage  of  improvements  in 
techniques  and  components  so  that  the 
next  radar  procured  for  the  Aerospace 
Surveillance  and  Warning  System  would 
be  a  markedly  improved  AN/FPS-86. 
For  example,  the  FPS.-85  will  operate 
on  an  off-optimum  frequency  of  446 
mc.  By  developing  the  L  and  S  bands, 
the  capability  of  the  radar  could  be 
increased. 

The  second  key  element  to  be  de- 
veloped under  SOR  197  is  a  Prototvpe- 

Optical  Surveillance  ^System  (POSS) 
that  can  detect  space  objects  at  ex- 

tremely long  ranges  and,  at  the  same 
time,  is  extremely  inexpensive  to  build. 
Also  the  system  has  a  real-time 
capability. 

An  electro-optical  system,  POSS 
will  be  built  and.,tested  at  Cloudcroft, 
N.M.,  not  far  from  Holloman  AFB  and 
White  Sands  Missile  Range.  The  first 

system  is  expected  to  be  ready  for  test 
in  June  1964;  since  the  POSS  testing 
period  is  shorter,  POSS  and  FPS-85 

•  AFSC  studying  system — Mean- 
while, the  Air  Force  Systems  Command 

is  studying  the  operational  requirements 
of  SOR  197  for  an  Aerospace  Surveil- 

lance and  Warning  System.  The  study, 
expected  to  be  finished  by  the  end  of 
November,  will  determine  the  numbers 
and  types  of  radars  and  other  sensors 
required  to  meet  the  anticipated  popu- 

lation of  space  objects  by  1970  as  well 
as  the  threat  posed  by  low  re-entry 
angle  ballistic  missiles,  submarine- 
launched  missiles,  extended  range  bal- 

listic missiles  and  orbital  bombardment 
systems.  More  accurate  cost  estimates 
for  SOR  197  also  are  to  be  evolved 
from  this  study.  Present  estimates  range 
from  $300  million  to  $1  billion  to  pro- 

duce the  Surveillance  and  Detection 

system. The  importance  of  this  study  is 
emphasized  by  the  fact  that  if  only  the 
capability  to  detect  and  define  the  or- 

bital parameters  on  the  first  orbit  is 
desired,  only  six  or  seven  AN/FPS-85 
radars  are  needed.  These  would  be  de- 

ployed on  half  of  a  great  circle,  some 
aboard  ships:  - 

But  if  a  system  is  desired  to  shoot 
down  satellites,  the  network;  would 
have  to  cover  the  North  American  con- 

tinent, and  approximately  20  radars 
would  be  required. 

The  approach  favored  by  a  large 
number  of  Defense  officials  is  to  de- 

velop a  Surveillance  and  Detection  sys- 
tem specifically  designed  to  meet  the 

1970  threat.  Admittedly  this  approach 
would  be  more  expensive  to  develop 
than  it  would  be  to  modify  the  present 
Space  Surveillance  network,  but  in  the 
long  run  it  would  be  cheaper  because 
it  would  not  require  constant  updating. 

The  ultimate  goal — for  which  pro- 
visions have  been  made  in  thevpY  '64 

budget  in  anticipation  of  the  AFSC 
study — is  to  meld  this  "hodgepodge"  of 
things  into  one  system  adequate  to  the 
threat.  Once  this  is  accomplished,  the 
system  can  be  added  to  for  defensive 
purposes  as  the  threat  evolves. 

The  AN/FPS-85  and  POSS  are  the 
first  steps  in  this  direction.  8 
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Study  funds  sought  for  FY  '64 . . . 

NASA  Eyes  Navigation  Satellites 

INDUSTRIAL  STUDY  contracts 
will  be  awarded  next  year  as  NASA 
moves  toward  development  of  a  navi- 

gational satellite  system. 
The  contractors  will  determine  the 

feasibility,  requirements  and  best 
method  of  establishing  the  system. 

Data  will  also  be  sought  as  to  how 
or  if  the  current  DOD  Transit  satellite 
technology  can  be  implemented. 

A  space  agency  official  disclosed 
that  funding  for  the  studies  is  included 
in  NASA's  proposed  Fiscal  1964 budget,  now  being  considered  by  the 
Kennedy  Administration. 

He  emphasized  that  the  system  still 
does  not  have  program  status,  but  he 
admitted  that  "we  are  looking  at  it 
sympathetically." 

NASA's  detailed  position  was  re- vealed to  the  National  Electronics  Con- 
ference in  Chicago  by  the  space 

agency's  director  of  navigational  satel- lites, Capt.  Alton  B.  Moody,  USNR. 
He  told  the  conference  that  navi- 

gational satellites  will  soon  have  an  op- 
portunity to  prove  their  military  use- 

fulness. 

"Non-military  requirements."  he  con- 
tinued, "being  more  varied,  are  in  some 

respects  more  difficult  to  meet,  but  the 
benefits  to  be  derived  from  success  ap- 

pear to  warrant  the  attempt." Moody  said  use  of  Transit  technol- 
ogy for  the  non-military  system  is  "in- 

triguing," but  that  it  might  prove  too 
costly  for  non-military  users. 

He  also  said  that,  because  of  sig- 
nificant state-of-the-art  advances  since 

Transit  was  begun,  "careful  considera- 
tion must  be  given  to  other  promising 

techniques." Transit  is  based  on  the  Doppler 
Range  Rate  system,  which  utilizes  sig- 

nals from  two  harmonically  related  ra- 
dio frequencies  in  the  band-eight  or 

lower  band-nine  areas. 
Because  the  600-mile  optimum  orbit 

of  Transit  lacks  stability,  users  are 
forced  to  inject  new  orbital  data  into 
their  computations  every  12  hours.  A 
complex  computer  is  also  required. 

Because  of  still-unanswered  questions 
concerning  suitability  and  availability  of 
Transit  for  the  non-military  systems. 
Moody  said  three  other  techniques — 
range,  elevation  angle,  and  horizontal 
angle — must  be  studied. 

•  Range — This  technique  involves 
the  measurement  of  distance  between 
the  observer  and  the  satellite.  Two  such 
measurements  separated  in  time  suffi- 

ciently to  permit  adequate  change  in 
azimuth  provide  a  fix,  but  a  third  read- 

ing may  be  needed  to  eliminate  the  am- 
biguity of  two  possible  positions  on 

opposite  sides  of  the  track. 
Range  might  be  measured  by  pri- 

mary radar  if  sufficient  power  were 
available,  but  more  promising  method 
use  of  a  transponder  in  the  satellite. 
The  use  of  synchorinex  clocks  in  the 
spacecraft  and  at  the  observer  has  been 
suggested,  but  is  considered  beyond  the 
state-of-the-art  at  present.  If  a  frequency 
between  about  300  mc  and  700  mc  is 
used,  relative  simpicity  of  user  equip- 

ment makes  this  technique  particularly 
promising  for  use  by  aircraft.  If  cooper- 

ating ground  stations  are  used,  reason- 
ably good  accuracy  can  be  achieved 

with  extremely  simple  mobile  equip- 
ment. However,  the  technique  has  rela- 
tively poor  spectrum  economy. 

•  Elevation  angle— The  elevation 
angle  technique  is  the  ordinary  celes- 

tial navigation  approach  with  radio 
signals  in  the  gigacycle  region  replacing 
visual  observation.  One  observation  pro- 

vides a  line  of  position,  and  two  obser- 
vations provide  a  fix. 

Simultaneous  observations  of  alti- 
tude and  its  first-time  derivitive  would 

also  provide  a  fix  by  means  of  ortho- 
gonal lines  of  position.  With  minor  mod- 

ification, radio  sextants  designed  for  use 
with  the  sun  could  be  used  for  making 
the  observations,  providing  a  dual  capa- 

bility to  extend  the  usefulness  of  the 
system  and  decreasing  its  vulnerability 
to  malfunction  or  malicious  damage. 

Stable  orbits  can  be  used,  minimiz- 
ing dependence  on  ground  installations 

and  reducing  the  complexity  of  the  sat- 
ellite components.  Computational  re- 

quirements are  modest.  The  technique 
is  capable  of  providing  accurate  direc- 

tional (north)  reference.  However,  a 
stabilized  directional  receiving  antenna 
about  three  feet  in  diameter  would  be 
needed  for  high  accuracy. 

•  Horizontal  angle — The  horizon- 
tal angle  technique  involves  measure- 

ment of  azimuth  of  the  satellite;  two 
such  measurements  sufficiently  separated 
provide  a  fix.  Other  approaches  would 
be  simultaneous  observations  of  azimuth 
and  its  first-time  derivative,  or  of  alti- 

tude and  azimuth.  Stable  orbits  can  be 
used,  and  computational  requirements 
are  modes. 

A  reference  (north)  direction  indi- 
cator with  high  short-term  stability,  a 

directional  antenna  and  a  stabilization 
system  with  moderate  short-term  sta- 

bility would  be  required,  making  this 
approach  somewhat  less  attractive  than 
the  others.  tX 

Gemini  Model  Takes  Re-entry  Heat 

STAINLESS  STEEL  scale  model  of  NASA's  two-man  Gemini  space  capsule  glows 
in  recent  test  in  50-in.  Mach  10  tunnel  of  Von  Karman  Gas  Dynamics  Facility 
at  AF's  Arnold  Engineering  Development  Center.  Model  is  in  15-degree  nose down  re-entry  position. 
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Parts  with  a  single  purpose— Success  with  safety 

In  a  spacecraft  an  internal  flaw  in  any  one 
component  can  cause  malfunction.  So  McDonnell 
Aircraft  Corporation  uses  radiography 
extensively  in  the  NASA  Mercury  Project. 

Radiograph  showing  internal  conditions 
of  transistors,  diodes  and  resistors  for 
miniaturized  instrumentation. 

The  Mercury  Spacecraft  designed  and 
constructed  by  McDonnell  Aircraft 
Corporation,  St.  Louis,  Mo. 

T  n  the  design  and  construction  of  the  NASA  Mercury 
J-  Spacecraft,  McDonnell  Aircraft  must  supply  the 
greatest  safety  for  the  astronaut,  the  saving  of  weight  and 
the  best  use  of  limited  space. These  considerations  call  for 

instrumentation  as  perfect  as  man  can  make  it — and 
as  small. 

To  be  as  certain  of  this  perfection  as  possible,  McDonnell 
employs  radiography,  both  for  parts  they  produce  and 
those  provided  by  suppliers.  This  includes  the  inspection 
of  transistors,  resistors  and  diodes  to  determine  the  posi- 

tion of  internal  contacts  or  reveal  any  imperfections  which 

might  cause  malfunction. 

Today  the  use  of  radiography  as  an  inspection  tool 
e-xtends  from  castings  and  welds  to  all  kinds  of  enclosed 
assemblies.  It  is  the  one  method  that  provides  proof  of 
soundness  with  a  lasting  record. 

If  you  would  like  to  explore  how  radiography  can  help 

improve  your  product,  your  quality  control,  and  thus 
attract  more  business,  talk  to  your  Kodak  x-ray  dealer 
or  write  us  to  have  a  Kodak  Technical  Sales  Represen- 

tative call. 

EASTMAN  KODAK  COMPANY 

X-ray  Sales  Division  •  Rochester  4,  N.Y. fRAOf  MARK 
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Seal 

permanently 

Vapor-tight  seal  is  quickly  made  with 
RTV-102  to  facilitate  and  simplify  as- 

sembly of  parts. 

with  new  G-E 

silicone  rubber 

adhesive 

Potting  of  electrical  connections  assures  long-term  protection, 
even  for  high-temperature  applications. 

RTV-102  is  useful  as  an  adhesive 
or  sealant  for  metal  fabrication. 
Will  not  sag  on  vertical  or  over- head surfaces. 

SILICONE 

RUBBER 

ADHESIVE 

SEALANT 

READY-TO-USE?* 
#%EHERM         ELECTS  I  C 

iTTTTTTTTffiffk 

RTV-102  is  an  excellent  adhesive  for  most 
materials.  It  is  the  only  type  of  adhesive  com- 

pletely suitable  for  silicone  rubber. 

On-the-spot  repairs  save  time.  Cured  parts 
remain  permanently  Hexible.  RTV-102  can  also 
be  smoothed  over  large  areas. 

For  a  thousand  jobs,  just  squeeze  it  on  and  it's 
on  to  stay!  No  pre-mixing  or  priming.  RTV-102 
silicone  rubber  adheres  to  almost  anything  — 
glass,  metal,  plastics,  ceramics,  wood,  silicone 
rubber.  Sets  in  minutes,  air  cures  in  a  few  hours, 
forms  a  resilient  rubber  that  never  dries  out, 
cakes  or  cracks.  Resists  moisture,  grease,  weather- 

ing, many  chemicals,  and  temperatures  from -75°F  to  500°F. 

tor  free  evaluation  sample  plus  technical  data, 
write  on  your  letterhead  describing  your  appli- 

cation to  Section  01073,  Silicone  Products  De- 
partment, General  Electric  Company,  Waterford, 

New  York. 

.Z\  GENERAL  mm  ELECTRIC 
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SOLAR 

FLARES! 

orbiting  solar  observatory  study-  One  of  the  Critical  Aerospace 
Areas  for  which  REPUBLIC'S  PAUL  MOORE  RESEARCH  CENTER  has  R  &  D  Contracts 
REPUBLIC  is  conducting  a  wide  variety  of  investigations  bearing  directly  on  the  safety  of  men  and  vehicles  on  extended 
space  voyages  as  well  as  on  short  term  orbital  missions.  □  Among  these  investigations  is  the  development  of  detailed 
requirements  for  an  advanced  orbiting  solar  observatory  with  greater  experimental  capacities  and  higher  pointing  accuracy 
than  the  satellite  now  in  the  sky.  □  This  work  draws  upon  the  capabilities  of  Republic  scientists  and  engineers  in  half  a  dozen 
laboratories  of  the  PAUL  MOORE  CENTER,  the  most  sophisticated  and  integrated  research  complex  in  the  East  today. 

EXAMPLES  OF  AEROSPACE  R&D  PROGRAMS  AT  REPUBLIC 
Re-Entry  Test  Vehicles  for  advanced  space  programs  /  Thermal  Protection  Studies  /  Spacecraft  Tracking  Concepts  (Re-Entry  Period)  / 
Hydraulic  &  Pneumatic  Systems  (Re-Entry  &  Space  Voyages)  /  Life  Support  Systems  /  Guidance  for  Orbital  Rendezvous  /  Full  Scale 
Plasma-Pinch  Engine  for  Space  Propulsion  /  AEROS  Study  —  Meteorological  Satellites  (in  plane  of  equator)  /  Advanced  Orbiting  Solar 
Observatory  /  Hydrospace  Projects  /  Space  Radiation  Studies  /  COi  Adsorption  Research  /  Magnetic  Induction  Gyro  /  Antennas  (minia- 

turization) /  Spark  Chamber  Spectrometer. 
IMPORTANT  POSITIONS  OPEN 
Astrodynamics  (mission  analysis,  satellite  maneuverability,  guidance  system  criteria  for  earth  satellites,  lunar  projects)  /  Structural 
Research  (elastic  &  inelastic)  /  Structural  Computer  Analysis  /  Stress  Analysis  /  Hypersonic  Gas-dynamics  Research  /  Re-Entry  & 
Satellite  Heat  Transfer  Analysis  /  Design  Criteria  (hypersonic  re-entry  vehicles)  /  Thermal  Protection  Research  /  Hypersonic  Wind 
Tunnel  Investigations  /  Space  Environmental  Controls  D  &  D  /  Space  Propulsion  and  Power  Systems  /  Cryogenic  Research  (liquid 
hydrogen)  )  Antenna  Design  (re-entry  vehicles)  /  Life  Sciences  (systems)  /  Physical  Sciences  /  Space  Electronics  (telemetry,  com- 

munications, guidance,  tracking,  ECM,  ASGSE,  data  handling)  /  Magnetic  Resonance  Gyro  Development  /  Electromagnetic  Theory  / 
Weapon  Systems  Analysis. 

Interested  applicants  are  invited  to  write  in  confidence  to  Mr.  George  R.  Hickman,  Professional  Employment  Manager,  Dept.  4K-3 

REPUBLIC 
AVIATION  CORPORATION 

FARMINGDALE,  LONG  ISLAND,  NEW  YORK 
An  Equal  Opportunity  Employer 
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SCIENTISTS  AND  ENGINEERS:  Today,  Motorola  digital  systems  and 
equipment  are  providing  fresh  and  forceful  solutions  to  problems  of  communications,  command 
and  control  for. .  .the  Air  Force  data  acquisition  and  relaying  system  at  the  Edwards  AFB 
high  speed  flight  corridor. . .  the  NASA/ JPL  Mariner  and  NASA/McDonnell  Gemini  spacecraft 
digital  command  systems . . .  and  the  Navy/ Gyrodyne  DASH  drone  helicopter  control  system. 
Current  studies  also  encompass  random  access  digital  communications,  digital-to-voice 
translation,  and  ACCESS,  a  combined  digital/ voice  approach  to  air-ground-air  communication. 

I#you  are  interested  in  shaping  the  future  on  these  or  other  challenging  programs, 
write  today  describing  in  detail  your  experience  in  the  following  areas : 

Mindpower  and  Manpower. . . 

shaping  the  future  in  DIGITAL  COMMUNICATIONS  SYSTEMS 

Systems  Design  •  statistical  communication  techniques,  coding  theory  and  logic  organization  concepts. 

Equipment  Design  •  receivers  and  transmitters  for  satellite  air-ground-air  and  undersea 
applications,  signal  conditioners  for  telemetry  systems. 
Research  •  advanced  display  techniques,  oceanographic  instrumentation,  underwater  sound  engineering. 

Familiarity  with  State-of-the-Art  •  coding  and  decoding  methods,  modulation  techniques, 
sensors,  transmitters,  receivers  and  displays,  integrated  circuit  applications  and  ultra-reliability  techniques. 
We  are  particularly  interested  in  programs  on  which  this  experience  was  obtained,  and  the  extent  of  your 
technical  responsibility.  Address  information  to  our  Manager  of  Engineering  at  the  location  of  your  choice. 

MOTOROLA 
An  equal 

Military  Electronics  Division  opportunity employer 
CHICAGO  51,  lllinc We.  /  SCOTTSDAUE,  Arizona I  /  RIVERSIDE,  California,  8330  Indiana  Ave. 
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Technical  Countdown 

ELECTRONICS 

Infrared  Guidance  System  Demonstrated 
Martin  Co.  engineers  unveiled  their  infrared  tracker 

(MIRTRAK)  system  in  Washington,  D.C.,  last  week. 
The  system  can  be  used  to  guide  a  short-range  missile  to  its 
target,  direct  two  space  vehicles  to  a  rendezvous  or  to  blind- 
land  jets.  The  system  has  two  parts,  a  light  source  and  the 
tracker  itself — the  latter  sensitive  to  infrared  light  of  a 
specific,  predetermined  frequency  and  capable  of  automati- 

cally calculating  the  source's  location.  The  experimental 
unit  has  no  moving  parts  and  has  been  demonstrated  to 
be  accurate  within  one  foot  at  two  miles.  An  operational 
model  would  weigh  about  15  lbs.  and  resemble  a  portable 
TV  in  size. 

Librascope  Introduces  L-2010  Computer 
A  high-capacity,  general-purpose  digital  computer  with 

a  magnetic-disk  memory  capacity  of  4096  words  marks 
Librascope's  latest  move  in  the  military  tactical  market. 
The  solid-state  unit  weighs  60  lbs.,  takes  up  2  cu.  ft. 
and  is  intended  for  severe  field  situations  in  target  motion 
analysis,  navigation  computations,  ballistic  computations, 
system  simulation  and  automatic  system  checkout.  The 
L-2010  can  be  used  as  either  a  self-contained  data-processing 
system  or  as  a  unit  in  a  computer  complex.  The  unit  can 
operate  efficiently  in  ground  installations,  on  moving  land 
vehicles  and  aboard  ships. 

Electronic  Circuits  Through  Flash  Printing 
A  flash  technique,  generating  high  temperatures  for 

milliseconds  to  deposit  electronic  circuits,  is  under  develop- 
ment at  Armour  Research  Foundation.  For  example,  cop- 

per oxide  can  be  painted  on  a  circuit  board  and  then  cov- 
red  with  a  light-reflecting  shield  containing  the  circuit  pat- 

tern. The  high-intensity  flash  releases  the  copper  in  the 
coating;  the  excess  oxide  is  then  removed  with  a  solvent. 
Resistor  elements  can  be  made  in  a  similar  manner  and 
multiple-joint  soldering  is  possible  with  a  single  flash.  The 
process  lends  itself  to  automated  production  methods,  but 
considerable  development  effort  remains. 

Inflatable  Antenna  for  Ocean  Recoveries 

Goodyear  Aircraft's  Arizona  Div.  has  developed  an 
inflatable,  transmitter-carrying  radio  antenna  for  nose  cone 
recovery  at  sea.  Upon  contact  with  salt  water  the  2.5-lb. 
antenna  inflates  automatically  into  a  cone  9  in.  across  its 
base  and  12  in.  high.  A  small  pointed  cone  extends  another 
13  in.  from  the  main  cone  and  contains  wire  antennas  con- 

nected to  the  packaged  transmitter.  The  unit  beams  a  signal 
capable  of  reception  by  aircraft  at  30,000-ft.  altitude  at  a 
distance  of  250  miles.  The  fabric  devices  were  developed 
for  Hughes  Aircraft. 

Raytheon  Approaches  Automated  Circuits 
A  specially  designed  transfer  wiring  machine  is  leading 

to  the  automated  production  of  integrated  circuits  at  Ray- 
theon's Missile  and  Space  Div.  Electrolytic  copper  foil  is 

bonded  to  0.01 -in. -thick  Teflon  film.  Suitable  wiring  patterns 
are  then  etched  from  this  supported  foil.  In  the  process,  this 
pattern  is  transferred  as  an  overlay  on  a  pellet  component- 
loaded  substrate.  With  the  application  of  heat  and  pressure, 
the  strength  of  the  copper-to-Teflon  bond  is  reduced  to 
permit  separation.  The  pattern  is  bonded  to  the  B-staged 
resin-coated  substrate  and  soldered  to  the  pellet  contact 
<  Circle  No.  6  on  Subscriber  Service  Card 

surfaces.  Automation  will  be  achieved  by  using  a  sprocket 
drive  and  an  electronic  control  loop  to  accurately  register 
conductors  to  substrate  contour  and  to  pellets. 

Parametric  Amplifier  Operated  at  4.2°  K 
MIT  Lincoln  Lab  specialists  have  operated  a  parametric 

amplifier  in  a  bath  of  liquid  helium,  using  a  commercially 
available  gallium  arsenide  varactor  diode.  The  unit  has  a 
noise  temperature  of  less  than  10°  K,  comparable  to  the 
noise  figure  of  maser  amplifiers  engineered  for  systems 
application.  The  gain  and  bandwidth  of  the  amplifier  are 
essentially  independent  of  temperature.  The  test  unit  oper- 

ates at  L-band  with  a  Ku-band  pump.  MIT  experts  see 
no  reason  to  believe  comparable  operation  cannot  be  realized 
at  signal  frequencies  up  to  15  kmc  and  perhaps  beyond. 
Helium-cooled  parametric  amplifiers  may  supplant  masers 
in  many  microwave  systems,  and  open  routes  to  new  appli- 

cations impractical  for  masers. 

PROPULSION 

Hypergolic  Attitude  Engine  at  Honeywell 
Minneapolis-Honeywell  researchers  have  come  up  with 

a  half-pound  hypergolic  reaction-control  engine  capable  of 
firing  either  a  single  burst  or  a  series  of  10  per  second. 
Each  single  burst  lasts  500  millionths  of  a  second,  and 
the  unit  is  rated  at  50-lbs.  thrust.  A  hydrazine-type  fuel 
and  nitrogen  tetroxide  converge  in  the  tiny  combustion 
chamber,  and  the  flow  ceases  at  the  instant  of  explosion. 
The  detonation  combustion  engine  reaches  a  chamber  pres- 

sure of  5000  psi  with  tank  pressure  of  only  5  psi. 

First  Long-Duration  J-2  Firing  Successful 
The  liquid-oxygen/ hydrogen  J-2  engine  ran  for  four  min- 

utes at  full  thrust  in  its  first  long-duration  test  run  at  Rocket- 
dyne's  Propulsion  Field  Lab  near  Canoga  Park,  Calif.  The 
engine,  destined  for  upper-stage  use  in  the  Saturn  vehicle, 
generates  less  than  1 50, 000-lbs. -thrust  at  sea  level,  but  this 
equals  more  than  200,000  lbs.  at  its  operating  altitude. 

ADVANCED  MATERIALS 

Stress  Corrosion-Resistant  Aluminum  Perfected 
A  proprietary  process  developed  by  Harvey  Aluminum 

eliminates  stress  corrosion  in  high-strength  aluminum  alloys. 
The  stress  problem  has  often  meant  substituting  a  lower- 
strength  aluminum  alloy  in  design  applications,  thus  sacri- 

ficing strength  and  efficiency.  The  Harvey  alloy  withstands 
sustained  surface  tensile  forces  equal  to  75%  of  the  longi- 

tudinal yield  in  any  direction,  including  short  transverse, 
without  developing  stress  corrosion.  The  alloy  can  be  sub- 

stituted directly  for  7075-T6  without  design  modification. 
Assigned  a  temporary  designation  of  — T75,  the  material 
is  available  in  die  forgings,  rod  and  bar,  and  extruded 
shapes. 

Linde  Producing  Liquid  Helium 
Liquid  helium  is  being  produced  at  the  rate  of  100  liters 

per  hour  in  a  small  plant  built  by  Linde  Co.  near  Amarillo, 
Tex.  The  gas  is  brought  to  the  facility  from  U.S.  Govern- 

ment helium  plants  and  run  through  a  relatively  uncompli- 
cated process  cycle  contained  within  a  large,  vacuum- 

insulated  vessel.  A  second  such  system  built  by  the  firm  is 

in  operation  at  NASA's  Lewis  Research  Center.  Another 
production  facility  is  under  construction.  Linde  delivers  the 
liquid  helium  all  over  the  country  in  special,  non-nitrogen- 
shielded  containers  with  loss  rates  of  0.1  Btu  per  hour. 
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space  logistics 

Metal-Elastic  Wheels  Studied 

For  Lunar  Locomotion 

Grumman  pushing  design;  cites  load-carrying      ^  Michae|  Get|( 
and  vehicle  dynamics  advantages  in  'poor  soil1 

Bethpage,  L.I.,  N.Y. — A  uniquely 
designed  "metalastic"  wheel  may  play  a 
key  role  in  lunar  surface  locomotion  for 
either  Apollo  crews  or  unmanned  re- 

motely controlled  Moon  rover  vehicles. 
During  a  three-year  development 

program  here.  Grumman  Aircraft  Corp. 
has  evolved  three  Moon-wheel  config- 

urations. One,  in  particular,  is  being 
focused  upon  for  the  early  lunar  mis- 

sion. It  uses  a  series  of  spiraling  flexible 
spokes  emanating  from  a  single  central 
hub  to  support  the  wheel's  elastic  rim. 

The  combination,  according  to 
Grumman  engineers,  yields  a  totally 
elastic  system — one  in  which  the  entire 
wheel  structure  supports  applied  loads 
and  driving  torques.  The  wheel  is  alu- 

minum, with  the  central  hub  designed 
to  house  individual  motor  and  transmis- 

sion equipment.  The  drive  components 
are  now  undergoing  separate  vacuum 
tests. 

The  wheel  is  designed  to  operate  on 
surfaces  like  those  specified  for  Jet  Pro- 

pulsion Laboratory's  lunar  model — since adopted  by  NASA  for  Apollo  design 
specs — and  also  on  terrain  similar  to 
that  recently  advocated  by  Russian  as- 
tronomers. 

JPL  envisions  the  surface  as  a  shal- 
low dust  layer  covering  a  hard  stratum. 

The  Soviets  regard  a  sintered  or  rock 
froth  surface  texture  as  most  probable. 
In  their  present  form  the  wheels  would 
not  be  suitable  for  the  deep  unconsoli- 

dated dust  supposed  by  the  lunar  sur- 
face theory  espoused  by  Thomas  Gold 

of  Cornell  University 
Under  load  or  torque,  the  wheel 

takes  on  elliptical  shape.  This  gives  it 
characteristics  which  Grumman  engi- 

neers feel  make  it  especially  adaptable 
to  the  high-probability  lunar  surface 
operation. 

•  Long  footprint — In  operation  the 
wheel  appoaches  the  long  "footprint" — 
or  ground  contact  advantage — of  a 
track  vehicle,  while  retaining  the  weight 
and  mechanical  friction  advantages  in- 

herent in  a  simple  central  hub  design. 
When  the  load  is  increased,  thus  enlarg- 

ing the  footprint,  Grumman  reports, 
there  is  virtually  no  increase  in  overall 
footprint  unit  pressures  on  the  surface. 
Therefore,  they  claim,  the  elastic  wheel 
offers  the  load-carrying  ability  and  dy- 

namic stability  of  a  rigid  wheel  several 
times  its  size — at  the  same  time  improv- 

ing mobility  in  poor  soil  with  minimum 
energy  loss. 

Edward  Markow,  project  engineer 
with  Grumman's  Space  Science  Group 
and  chief  designer  of  the  new  devices, 
says  that  the  metalastic  wheel,  in  com- 

parison with  a  rigid  wheel  of  equal 
diameter,  provides  a  50%  decrease  in 
roll  resistance,  an  increase  of  about 
40%  in  draw-bar  pull,  and — especially 
important  to  lunar  locomotion — impres- 

sive ability  to  climb  obstacles. 
With  a  flexible  system,  says  Markow, 

there  is  no  serious  design  penalty  in 
hitting  small  obstacles.  Impact  loads  go 
far  down,  giving  the  system  designer 
considerable  freedom  to  concentrate  on 
static  rather  than  impact  loading  prob- 

lems. A  supple  wheel  form,  he  points 
out,  does  not  rebound,  hut,  with  a  drive 
force  applied,  will  actually  climb  the 

'METALASTIC  wheel,  loaded  and  con- 
figured with  space-links,  displays  long  fool- 

print  advantage  of  track  vehicle.  Wheel 
can  also  he  configured  with  solid  outer  rim. 

obstacle  by  translating  the  compression 
and  rotational  energy. 

In  tests,  the  flexible  wheel  reportedly 
demonstrated  its  ability  to  climb  obsta- 

cles %  the  size  of  the  wheel's  relaxed 
diameter.  A  rigid  wheel  is  said  to  be 
able  to  normally  climb  to  V3  its  height. 
In  keeping  within  the  lunar  model,  the 
vehicle  is  designed  to  climb  obstacles  of 
at  least  10  cm,  and  be  capable  of  ma- 

neuvering around  anything  larger. 
Markow  notes  that  the  wheel  also 

supplies  increased  fatigue  life  and  more 
predictable  behavior  attributable  to  met- 

als in  a  space  environment.  Further,  he 
says,  it  poses  fewer  temperature-range 
problems  than  do  pneumatic  systems — 
particularly  important  in  terms  of  lunar 
day/ night  extremes — and  provides  re- 

sistance to  puncture  by  a  craggy  surface 
or  other  lunar  debris. 

Early  laboratory  and  soil  bin  tests  of 
the  new  wheel  were  successful  enough 
so  that  the  firm  funded  a  longer-range 
development  and  test  program.  This  has 

carried  the  project  to  New  York's  Fire Island,  where  a  group  of  engineers  is 
now  observing  and  photographing  a 
1/6-scale  simulated  lunar  vehicle  towed 
over  sand  and  rock  beaches. 

Markow  reports  that  tests  have 
added  to  the  enthusiasm  for  the  design 
concept.  The  film  is  being  shot  at 
six  times  normal  speed,  with  real-time 
playback  providing  a  simulation  of 
lunar-vehicle  dynamics. 

•  Dynamic  problem  —  Markow 
points  out  that  in  designing  for  lunar 
operation,  vehicle  dynamics,  not  load- 
carrying  ability,  appears  to  have  the 
most  pronounced  effect  on  mobility.  A 
turning  maneuver  has  to  contend  with 
the  same  centrifugal  forces  as  exist  on 
Earth,  but  with  only  1/6  the  stability 
force  available. 

As  an  example  of  design  problems, 
Markow  reports  that  a  3000-lb.  vehicle 
making  a  20-ft.  radius  turn  at  10  mph 
would  require  a  16-ft.  vehicle  width  to 
prevent  overturning.  Contacting  a  4-in. 
bump  at  the  same  speed  would  cause 
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SMALL-SCALE  lunar  rover  is  now  being  towed  over  sand  and  ORIGINAL  GRUMMAN  conception  of  basic  Prospector-type 
rock  beaches  to  test  vehicle  dynamics  in  poor  soil.  lunar  vehicle  with  space-linked  metalastic  wheels. 

the  vehicle  to  leave  the  surface  for 
about  20  ft. 

Tests  at  Grumman  demonstrated 
that  to  reduce  dynamic  loads  on  a  wheel 
it  is  more  advantageous  to  decrease 
wheel  stiffness  than  to  decrease  the 
suspension  stiffness.  Order-of-magnitude 
variations  are  required  in  the  suspension 
stiffness  to  significantly  affect  dynamic 
loads. 

Initially,  Grumman  intended  to  pro- 
pose the  metalastic  wheel  to  NASA  for 

use  with  a  3000-lb.  Prospector  vehicle. 
But  then  as  Prospector  faded  as  a 
program,  the  firm  continued  in-house 
development  of  the  wheel  along  with  a 
continuing  major  effort  in  the  entire 
realm  of  lunar  logistics  support.  It  felt 
certain  that  some  form  of  roving  lunar 
vehicle  would  be  required. 

In  pursuing  this  effort,  Grumman 
has  marshalled  lunar-soil  mechanics 
studies,  provided  shelter-base  support 
and  landing  vehicle  data  support,  and 
developed  a  remotely  controlled  lunar 
jeep,  now  roving  the  runways  at  Beth- 
page  in  trial  runs. 

•  Smaller  vehicle — The  design  now 
being  concentrated  on  here  is  a  1500-lb. 
four-wheel-drive  lunar  vehicle,  adapt- 

able to  the  "building  block"  or  multi- vehicle  train  concept,  which  may  be 
closer  to  the  requirements  for  Apollo 
support.  To  support  the  12  x  16-ft.  chas- 

sis (weighing  about  1200  lbs.,  including 
the  wheels  plus  another  200-300  lbs.  of 
life  support  equipment),  four  metalastic 
wheels  5-6  ft.  in  diameter,  10-12  in. 
wide,  each  weighing  about  100  lbs. 
would  be  used. 

Due  to  a  low  unspring  weight — 
about  30%  of  a  total  wheel  weight — the 
elastic  wheel  will,  according  to  Grum- 

man, yield  about  a  60%  reduction  in 
dynamic  loading  as  compared  with  a 
rigid  wheel  and  its  suspension  system. 
The  sprung-to-unsprung  weight  ratio 
for  the  entire  vehicle  is  20:1.  Spring 
rates  for  elastic  wheels  are  said  to  be 
between  20-100  lbs.  per  inch  of  hub 
deflection  below  the  horizontal,  com- 

pared to  rates  between  1000-5000  lbs./ 
in.  for  standard  rigid  wheels. 

The  Grumman  design  also  uses  a 
canted  wheel  suspension  system  provid- 

ing inherent  skuff  damping  action  much 
the  same  as  that  used  in  several  light 
aircraft  landing  systems. 

To  increase  gross  traction  and  re- 
duce slip  rates — a  factor  which  could  be 

extremely  important  in  navigating  much 
of  the  sloping  lunar  surface — Markow 
reports  significant  gains  were  made  by 
adding  "space-links"  to  the  outer  rim. Gross  traction  developed  by  ground 
failure  with  the  space-links  was  some 
60%  greater  than  with  space-linked 
rigid  wheels  on  a  loose  soil  surface. 
With  a  partially  sintered  surface. 
Markow  claims,  gross  traction  would 
double.  Engineers  also  relate  that  in 
tests  of  roll  resistance  using  a  chemical 
foam  to  simulate  the  rock  froth  surface, 
data  showed  a  dwell  time  or  velocity- 
factor,  with  respect  to  soil  failure  be- 

neath a  vehicle,  is  present. 
•  Second-generation  type — The 

latest  addition  to  Grumman's  line  of 
metalastic  Moon  wheels  is  an  elliptical 
wheel  whose  elastic  rim  is  supported 
by  a  series  of  flexible  fixed  length 
spokes,  the  geometry  of  which  is  con- 

trolled by  two  canted  and  opposed  hubs. 
Thus  the  net  effect  is  an  elastic  wheel  in 
which  the  major  axis  is  always  main- 

tained in  the  horizontal. 
Grumman  reports  the  total  weight  of 

this  wheel  for  a  given  design  load  is 
less  than  with  the  other  metalastic 
wheels,  since  a  higher  percentage  of  the 
wheel  structure  is  stabilized  by  tensile 
elements.  As  a  result,  the  wheel  is  re- 

ported to  have  extremely  good  load- 
carrying  capabilities  (about  twice  that 
of  the  spiraling  spoke  design)  and  low 
roll  resistance  in  relation  to  its  some- 

what smaller  footprint.  However,  the 
wheel  is  more  susceptible  to  impact 

CANTED  HUB  on  elliptical  wheel  has 
high  load-carrying  capability  but  shows 
more  susceptibility  to  impact  loading. 

loads — and  hence  less  desirable  on  a 
bumpy  lunar  surface. 

The  wheel  is  viewed  as  a  possible 
second-generation  device  pending  more 
information  on  exact  make-up  of  the 
lunar  surface.  There  have  also  been  ex- 

pressions of  interest  by  the  Army  for 
terrestrial  applications. 

Though  Markow  is  extremely  opti- 
mistic over  the  metalastic  design,  he 

emphasizes  that  at  present  the  wheel 
represents  just  a  design  approach  rather 
than  a  finite  design.  Many  of  the  basic 
Grumman  wheel  studies  were  based  on 
locomotion  studies  accomplished  by  the 
Army's  Land  Locomotion  Laboratory  in Detroit. 

Grumman  currently  holds  one  of 
two  three-month  lunar  logistics  multiple- 
payload  studies  let  by  NASA;  Northrop 
Corp.  holds  the  other.  These  awards, 
together  with  another  contract  held  by 
STL  on  a  lunar  "bus"  design  study  and 
NASA's  own  extensive  in-house  effort, 
are  expected  to  provide  the  base  for 
whatever  development  and  hardware 
plans  the  space  agency  embarks  upon. 

First  new  action  in  this  area  is  ex- 
pected early  next  year:  NASA  design 

goals  indicate  that  some  of  the  logistic 
payload,  in  particular  the  roving  lunar 
vehicle,  should  be  available  in  mid- 
1965,  a 

missiles  and  rockets,  October  15,  1962 

25 



space  medicine 

NASA  Has  New  Bioastronautics  Unit 

Office  of  Advanced  Research  and  Technology 

has  long-term  man-in-space  planning  function 
by  Heather  M.  David 

A  NEW  OFFICE  at  NASA  has 
begun  letting  contracts  in  the  bio- 

astronautics field. 
Set  up  two  months  ago,  the  Office 

of  Advanced  Research  and  Technology 
has  the  awesome  task  of  planning  for 
man  in  space  for  the  next  20  years. 

Among  the  types  of  research  the 
office  will  do  are: 

— Specific  experiments  on  manned 
spaceflights  (such  as  Gemini.  Apollo  or 
any  future  manned  space  laboratory). 

— Animal  satellites,  including  those 
possibly  originated  with  OART  or  in 
cooperation  with  other  NASA  offices. 

— Hitchhiker  or  piggyback  experi- 
ments on  existing  missile  and  rocket 

flights  when  space  is  available.  These 
experiments  can  be  contained  in  pods 
or  nose  cones  and  in  most  cases  can 
be  made  recoverable. 

— Simulator  studies,  which  may 
entail  building  of  new  devices  and  new 
bioinstrumentation. 

— Laboratory  studies — basic  studies 
carried  out  mostly  by  universities  or 
research  institutions. 

Budget  is  now  being  worked  out.  Dr. 
Eugene  Konecci,  director  of  OART, 
said  the  figure  will  be  "adequate  for  our 
programs  this  year,  and  will  increase 
as  our  task  grows." 

Dr.  Konecci's  master  plan — shown on  a  chart  that  stretches  around  his 
office — is  to  do  complete  enough  bio- 

astronautics research  so  that  it  will 
never  have  to  be  done  again. 

This,  he  hopes,  will  eliminate  any 
duplication  of  effort,  a  problem  which 
has  stirred  congressional  attacks  on  the 
services  and  NASA  in  the  past. 

The  office's  approach  will  be  one  of 
systems  engineering.  The  integration  of 
man  into  future  spacecraft  will  be  at 
the  base  of  all  the  office's  bioastronauti- cal  research. 

All  human-factors  work  for  future 
NASA  vehicles,  including  their  ground 
handling,  is  also  the  office's  responsi- bility. 

•  Types  of  contracts — Both  grants 
and  contracts  will  he  awarded  by 
OART.  The  office  will  be  open  to  unso- 

licited contracts  if  the  proposal  fits  in 
with  the  program's  needs. 

Research    the   office   will  support 

DR.  KONECCI 

covers  the  whole  gamut  of  man-in-space: 
intensive  study  of  the  human  psycho- 

physiological responses,  the  engineering 
of  life-support  systems,  and  the  develop- 

ment of  human  factors  engineering 
techniques  to  integrate  man  into  the 
spacecraft. 

"We  will  work  with  anyone  who 
has  the  capability,"  Dr.  Konecci  told 
M/R.  "This  may  be  NASA  centers. 
Department  of  Defense,  industry, 
research  organizations  or  universities." In  the  next  six  months.  Dr.  Konecci 
said,  he  will  probably  be  looking  for: 

— Work  in  advanced  life-support 
systems,  especially  in  30  and  100-day 
systems — chemical  or  physical — that 
meet  with  reliability,  safety,  weight  and 
power  requirements. 

— Advanced  bioinstrumentation,  in- 
cluding biomedical  sensors  and  psycho- 

physiological monitoring  techniques. 
A  number  of  contracts  have  been 

"inherited"  or  renewed  from  the  old 
life  sciences  office  of  NASA.  One  of 
these  just  renewed  is  a  study  of  cyborgs 
by  United  Aircraft  Corp.  This  study  will 
seek  ways  to  extend  man's  capabilities 
to  withstand  extreme  stresses  or  perform 
beyond  his  normal  limits  through  me- 

chanical, physical  or  pharmaceutical 
means. 

Other  work  particularly  desirable, 
according  to  Dr.  Konecci,  is  research 

Dr.  E.  B.  Konecci.  Director 
Biotechnology  and  Human  Research 
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space  electronics 

Radio  Interference 

Problems  To  Worsen 

into  the  effects  on  man  of  radio  waves, 
microwaves  and  visible  rays. 

Particular  attention  will  be  paid  to 
development  of  new  instrumentation  for 
more  accurate  and  detailed  information 
from  simulators  as  well  as  space  cap- 

sules. Dr.  Konecci  said  "We  need  right 
now  to  identify  what  parameters  are 
meaningful  and  what  equipment  is 
necessary." 

•  Hardware  —  prototype  hardware 
will  be  built  where  necessary  both  to 
insure  design  reliability  and  to  conduct 
additional  experiments. 

"We  have  to  keep  continually  ahead 
of  the  game,''  says  Dr.  Konecci.  "Our work  must  be  done  before  the  specs  are 
written.  Once  it  becomes  a  project,  it 
goes  to  the  Office  of  Manned  Space- 
flight. 

Missions  will  be  divided  into  those 
of  14  to  30  days.  30  to  100  days,  100 
days  to  6  months,  6  months  to  a  year 
and  those  more  than  a  year.  This  time- 

table will  conceivably  cover  all  space- 
flights possible  in  the  next  20  years. 

•  Staff  ■ —  Dr.  Konecci's  staff,  now 
being  hired,  will  have  about  18  profes- 

sionals. All  will  have  medical  degrees 
or  engineering  degrees  with  experience 
in  life  sciences. 

The  office  has  close  liaison  with 
DOD,  and  it  often  meets  with  other 
NASA  bioastronautics  and  program 
offices  to  prevent  duplication,  says  Dr. 
Konecci. 

One  feature  that  sets  this  office  aside 
from  all  others  at  NASA  is  that  it  is 
the  only  one  dealing  with  aeronautical 
and  space  research  at  once.  Dr.  Konecci 
points  out  that  for  life  support,  many 
space  problems  must  be  faced  in  super- 

sonic flight  in  the  atmosphere. 
The  office  expects  that  much  of  its 

research  will  be  of  immediate  benefit 
to  the  Earth-bound  scientific  world.  Dr. 
Konecci  points  out  that  bioinstruments 
can  be  used  by  researchers  in  various 
fields  of  medicine  and  biology.  Protec- 

tive devices  or  systems,  he  says,  will  be 
used  for  hazardous  ground-based  activ- 

ities, such  as  fire  fighting. 
Life-support  equipment  will  have 

uses  in  hospitals,  operating  rooms,  or 
industrial  clean  rooms. 

Simulation  techniques,  he  said,  will 
give  knowledge  to  devise  appropriate 
training  programs  for  aircraft  and  space 
systems.  And  knowledge  will  be  gleaned 
for  the  exotic  sciences  such  as  cyber- 

netics and  bionics. 
Dr.  Konecci  was  formely  chief  of 

life  sciences  for  Douglas  Aircraft's Missiles  and  Space  Systems  Div.  He  was 
chairman  of  the  American  Rocket 

Society's  Bioastronautics  Committee, 
executive  secretary  of  the  International 
Astronautics  Federation's  Life  Sciences 
Committee  and  a  vice  president  of  the 
Aerospace  Medical  Assn.  8 

INTERFERENCE  PROBLEMS  cre- 
ated by  the  innumerable  radio  frequency 

emitters  in  use  today  are  expected  to 
worsen  steadily. 

The  situation  is  intensified  by  the 
current  trend  toward  increasing  signal 
densities  and  strengths,  by  the  rapidly 
expanding  space  programs  and  by  the 
growing  electronic  capabilities  of  for- 

eign countries. 
Radio  interference,  in  simple  terms, 

is  any  signal  that  reduces  accuracy  or 
reliability  of  reception.  Interference  and 
its  effects  are  somewhat  self-perpetuating 
— as  interference  is  experienced,  trans- 

mitter on-time  is  increased  together 
with  power.  Both  of  these  actions  in- 

crease interference,  which  in  turn  causes 
further  increases  in  transmitting  power 
and  time.  Even  though  this  is  an  over- 

simplification, it  illustrates  one  aspect  of 
the  problem. 

RFI  is  no  longer  just  a  nuisance, 
a  Genistron,  Inc.,  spokesman  told  M/R 
recently.  This  is  a  costly  and  sometimes 
deadly  problem  which  must  be  of  major 
concern  to  all  electronics  users. 

•  ECAC  in  operation  —  The  RFI 
field  defies  definition  because  of  its  im- 

mense complexity.  For  this  reason  a 
single  Defense  Department  agency  is 
attempting  to  use  mathematical  analyses 
and  simulation  techniques  to  predict  in- 

terference problems  and  perfect  methods 
to  reduce  them. 

The  Electromagnetic  Compatibility 
Analysis  Center  (M/R,  Dec.  4,  1961, 
p.  27),  operated  by  the  Armour  Re- 

search Foundation  for  Air  Force  Sys- 
tems Command  is  just  beginning  to 

tackle  the  RFI  problem  with  involved 
studies  into  spectrum  signatures  and  list- 

ings of  all  military  transmitters. 
ECAC  performs  as  a  consultant  and 

advisor  to  DOD.  to  individual  military 
services  and  to  industrial  designers. 
Initial  input  data  covering  signatures 
and  environmental  information  will  be 
concerned  primarily  with  military  radar 
systems.  Communications  problems  will 
have  to  be  shelved  for  the  time  being, 
according  to  ECAC  officials. 

Individual  equipment  will  be  studied 
by  outside  contractors  to  each  of  the 
military  services  to  determine  electronic 
operating  characteristics.  The  center 
will  then  employ  these  data  inputs 
to  determine  environmental  interaction, 
frequency  allocation  information,  opera- 

tional procedures  and  possible  interfer- 
ence and  susceptibility-reduction  meas- 

ures for  offending  equipment. 
The  major  threat  in  RFI,  according 

to  one  industry  spokesman,  is  its  capa- 
bility to  limit  electronic  systems  utiliza- 

tion. This  will  have  the  effect  of  slowing 
major  programs  or  stretching  out  system 
procurements,  since  no  agency  will  fight 
for  funding  to  purchase  items  that  can- not be  used. 

Two  theses  are  appearing  in  elec- 
tronic systems  design: 

—Susceptibility  to  and  generation  of 
RFI  must  be  considered  when  missions 
are  assigned  and  equipment  is  being 
designed. 

—Interference  problems  do  not  al- 
ways respond  to  a  general  solution. 

Industry  sources  point  out  that  the 
current  great  concern  for  component 
reliability  has  not  been  fully  matched 
by  efforts  directed  toward  over-all  relia- 

bility under  exposure  to  interference. 
System  failure  under  interference 

conditions  can  be  more  serious  than 
some  component  failures.  A  total  failure 
can  often  be  found  and  remedied,  or 
even  bypassed — but  degradation  under 
interference  is  more  difficult  to  recog- 

nize and  is  easily  misinterpreted. 
Modification  alone  of  existing  sys- 

tems will  not  correct  RFI  problems. 
New  designs  are  required.  For  example, 
at  an  IRE  symposium  in  San  Francisco 
last  June,  one  expert  pointed  out  some 
current  efforts  in  this  field.  In  higher 
frequency  antennas,  such  approaches  as 
improving  gain  with  respect  to  desired 
direction  and  reducing  gain  for  all 
others  can  be  employed.  Signal  suppres- 

sion by  sidelobe  blanking  or  by  phasing 
has  been  employed. 

Capehart  Corp.  engineers  report  they 
have  successfully  turned  to  the  use  of 
computer  techniques  to  assist  in  RFI  de- 

sign problems,  particularly  when  equip- ment must  be  built  to  function  in  areas 

exposed  to  a  higher-than-average  num- ber of  RF  emitters. 
Attention  to  interference  modes  and 

methods  of  interference  reduction  are 
mandatory  now  and  will  soon  become 
urgent.  Some  traffic  will  eventually  be 
diverted  to  relatively  uncrowded  spectral 
areas  as  laser  techniques  improve,  but 
industry  leaders  say  this  will  not  provide 
significant  relief. 
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Nuclear  Fusion  Propulsion 

Concept  Appears  Feasible 

Three  recent  achievements  could 

speed  development  of  a  reactor 

by  William  I.  Linlor 
and  Milton  U.  Clauser 

DEVELOPMENT  OF  a  successful 
fusion  plasma  propulsion  system  may 
require  a  national  effort  of  considerable 
scope.  Is  it  worth  it? 

Seeking  to  answer  this  question  in 
a  brief  paper,  we  can  consider  only 
a  few  of  the  system's  chief  character- 

istics. Two  of  these  are  specific  impulse 
and  thrust-to-mass  ratio. 

In  any  new  system,  these  ought  to 
be  significantly  greater  than  they  are  in 
alternative  systems  —  greater,  for  ex- 

ample, than  would  be  achieved  in 
electric  propulsion  coupled  with  a 
fission  power  plant.  The  characteristics 
of  the  fusion  reactor  must  be  exploited 
in  such  a  way  as  to  make  the  propul- 

sion system  capable  of  an  acceleration 
of  at  least  1  G,  together  with  a  specific 
impulse  of  at  least  several  thousand 
seconds. 

Later  in  this  paper  we  shall  explore 
the  possibilities  of  an  arrangement  that 
may  provide  these  characteristics. 

Is  such  a  system  needed? 
Often  in  history  the  simple  fact 

that  a  capability  exists  creates  a  mis- 
sion need.  The  fission  and  fusion 

weapons  are  recent  examples. 
More  specifically,  within  the  next 

few  years — or  possibly  the  next  few 
months — we  shall  learn  whether  a 
planet  like  Mars  or  Mercury  is  inhab- 

itable. If  the  answer  is  affirmative,  it 
seems  evident  that  our  national  inter- 

ests will  demand  development  of  a 
high-acceleration,  high-specific-impulse 
system  suitable  for  interplanetary  traffic. 

•  Three  steps  forward  —  Will  a 
fusion  reactor  become  available?  If  so, 
when? 

In  recent  years  the  onrush  of  sci- 
entific achievement  has  produced  three 

outstanding  developments  which  bear 
on  the  fusion  problem,  and  give  added 
importance  to  the  role  of  fusion  power 
in  space  propulsion. 

Ion  Engine  Launchings  Due 

Cincinnati — Research  on  ion  en- 
gines is  nearly  completed  and  ready 

to  be  reduced  to  practice.  The  look 
ahead  is  at  nuclear  fusion  and  fission 
propulsion  concepts. 

These  were  the  major  points 
brought  out  Oct.  2-4  at  the  Third 
Symposium  on  Advanced  Propulsion 
Concepts.  Sponsored  by  the  Air 
Force  Office  of  Scientific  Research 

and  General  Electric's  Flight  Propul- 
sion Div.,  the  symposium  was  at- 

tended by  more  than  600  leading 
propulsion  engineers  and  scientists. 

•  Engine  launches  set — Three 
battery-powered  ion  engines  are 
scheduled  for  launching  by  NASA 
and  the  Air  Force  within  the  next 
eight  months,  said  Dr.  J.  C.  Evvard. 
Lewis  Research  Center  official. 

NASA  will  launch  two  ion  en- 
gines on  a  Scout  sometime  next 

spring,  he  said.  One  will  be  a  cesium- 

contact  ionization  engine  publicly  dis- 
closed earlier  this  year  by  Hughes 

Aircraft;  and  the  other,  an  electron- 
bombardment  engine  devised  by 
Lewis  engineer  Harold  Kaufman. 

An  Electro-Optical  Systems,  Inc. 
ion  engine  also  working  on  the 
cesium-contact  principle  is  scheduled 
to  ride  on  an  AF  Blue  Scout  by  next 
month. 

Main  reason  for  the  tests  is  to 
see  if  ejected  ion  beams  can  be  neu- 

tralized under  space  conditions.  The 
beams  must  ultimately  be  converted 
to  neutral  plasmas  if  the  ionic  drive 
is  to  yield  thrust. 

The  Lewis  test  will  also  measure 
the  radio  waves  associated  with  the 
ejected  beam  to  see  if  the  plasma 
generates  signals  that  can  be  picked 
up  on  the  ground  or  in  space.  One 
result  could  be  radio  interference  or 
undesirable  ionic-drive  signatures. 

The  first  of  these  is  the  discovery 
of  superconductivity  at  high  magnetic 
fields.  This  might  make  possible,  if 
fusion  plasmas  were  stable,  the  design 
of  a  net  power-producing  fusion  reactor 
that  could  fit  into  a  scientist's  office, 
instead  of  requiring  two  football  fields 
placed  end  to  end.  Equally  important, 
the  weight  of  such  reactor  might  be 
reasonably  small. 
Another  noteworthy  achievement, 

with  which  are  associated  the  names 
of  Dr.  Theodore  Maiman  and  the 
Hughes  Research  Laboratory,  is  the 
development  of  the  laser. 

As  we  shall  see  later,  the  avail- 
ability of  high-intensity  photon  sources, 

characteristically  in  the  range  of  sev- 
eral kilowatts  per  cm2,  would  make  it 

practical  to  trap  fusion  plasma  in  mag- 
netic containers  employing  photoelectric 

dissociation. 
The  third  major  achievement  of 

recent  years  carrying  important  impli- 
cations in  fusion  research  is  cryogenic 

pumping.  It  is  well  known  that  the 
presence  of  residual  gas  in  a  fusion 
reactor  is  a  serious  impediment  to  the 
accumulation  of  plasma  particles. 
Charge  exchange,  energy  degradation, 
and  similar  reactions  can  quickly 
remove  the  plasma  or  quench  its  energy. 
To  keep  losses  at  a  sufficiently  low 
level,  a  vacuum  of  about  10"  9  mm  Hg is  desirable,  with  pumping  speeds  in  the 
range  of  100,000  liters  per  second. 
Cryogenic  pumping  offers  these  capa- bilities. At  Hughes,  Sig  Hansen  has 
such  a  system  in  operation.  By  a  for- 

tunate coincidence,  cryogenic  vacuum 
pumping  and  superconductivity  employ 
similar  engineering  techniques. 

•  Where  we  stand  —  Consider  the 
status  of  fusion  research.  In  Fig.  1, 

taken  from  the  book,  "Project  Sher- 
wood," by  Dr.  Amasa  Bishop,  the 

steady-state  operating  conditions  of  a 
fusion  plasma  can  be  characterized  by 
the  following  orders  of  magnitude: 
Density,  1015  particles  per  cm3;  ion 
energies.    10"'  electron  volts;  contain- 
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ment  time,  about  one  second  to  obtain 
a  reasonable  burnup  of  fusion  fuel. 

Use  of  ions  from  an  accelerator  to 
produce  a  fusion  plasma  is  exemplified 
not  only  by  the  Oak  Ridge  DCX 
Project,  but  also  by  the  Livermore 

Waldo  Project  and  the  "OGRA" machine  of  the  USSR. 
It  would  be  helpful  to  pinpoint  the 

progress  of  the  various  approaches 
toward  steady-state  operating  condi- 

tions, and  to  evaluate  the  prospects  for 
eventual  success.  Such  appraisals  are 
necessarily  subjective  in  nature,  how- 

ever, and  may  quickly  lead  to  fretful 
arguments.  At  the  1961  Salzburg  Con- 

ference, all  of  the  approaches  reported 
had  difficulties  with  plasma  instabilities; 
plasmas  were  contained  for  about  100 
microseconds  at  most.  If  the  reactor 
is  to  produce  net  energy,  an  increase  in 
containment  time  by  a  factor  of  104  is 
necessary;  this  may  seem  discouraging 
to  some  investigators. 

Electron  Volts 
1000  10.000  loo.ooo 

10s  10*  I07  !0»  I0» 
Temperature,  *K 

Fig.  1 — Status  of  fusion  research  according 
to  Dr.  A  masa  Bishop. 

The  nature  of  plasma  instability  is 
extremely  complex — indeed,  there  may 
be  many  instabilities  operating  simul- 

taneously, exhibiting  pinching  and 
wriggling  of  plasma,  drift  to  the  walls, 
or  rapid  loss  of  plasma  particles  across 
lines  of  magnetic  flux.  In  addition, 
rotation  of  the  plasma  has  been 
observed  for  each  configuration.  On  the 
theoretical  side,  analyses  of  plasma 
behavior  are  almost  unanimously 
unfavorable;  they  predict  instabilities 
of  many  sorts  any  one  of  which  can 
be  fatal. 

This  evaluation  is  realistic,  but  per- 
haps pessimistic.  An  optimist  might 

point  out  that  independent  research 
teams  agree  on  the  nature  of  the  plasma 
difficulties,  and  this  suggests  that  the 
techniques  and  diagnostics  are  fairly 
well  developed.  He  would  certainly  note 
that  in  the  DCX  experiment  at  Oak 
Ridge,  containment  of  a  plasma  has 
been  observed  for  many  seconds  when 
the  plasma  density  is  of  the  order  of 

10"  particles  per  cm3. 
•  Plasma  production  —  If  density 

can  be  increased  in  a  controlled  and 
systematic  way,  will  the  instabilities 
evolve  in  a  gradual  way,  thus  allowing 
identification  of  their  nature?  To  answer 
this,  we  need  adequate  control  of  the 
plasma  density,  at  high  energy.  Thus 
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we  come  to  the  problem  of  producing 
a  fusion  plasma,  employing  high-energy 
injection.  This  requires  a  means  of 
trapping  the  ions  within  the  magnetic 
field  by  a  sufficiently  irreversible 

process. It  is  almost  trivial  to  say  that  if  an 
energetic  molecular  ion  is  broken  up 
into  an  ion  and  a  neutral  particle,  while 
within  a  magnetic  field,  then  the  ener- 

getic ion  is  trapped.  The  subtle  and 
difficult  problem  arises  when  one  tries 
to  specify  the  nature  of  the  agent  that 
produces  the  dissociation. 

In  the  case  of  OGRA,  the  molecular 
ions  are  dissociated  on  the  residual  neu- 

tral gas,  which  is  present  even  under 
high-vacuum  conditions.  This  process 
has  several  difficulties.  Under  typical 
conditions,  only  one  ion  out  of  every 
million  injected  is  trapped. 

Furthermore,  the  neutral  gas  causes 
serious  loss  of  the  trapped  ions  by 
charge-exchange  reactions.  The  limiting 
value  of  plasma  density  obtained  in  this 
way  is  far  too  low  to  be  of  fusion 
interest.  In  the  case  of  DCX,  auxiliary 
trapping  agents  such  as  the  carbon  arc 
have  been  employed  to  produce  con- 

siderable trapping;  however,  the  arc 
has  a  correspondingly  high  loss  char- 

acteristic, so  that  the  net  effect  is  not 
much  different  from  that  of  residual 
gas.  At  present,  use  of  carbon  arcs  has 
been  abandoned  in  the  DCX  work,  and 
trapping  on  residual  gas  is  employed, 
even  though  this  has  limited  usefulness. 

It  would  be  highly  desirable  to  find 
a  method  of  dissociating  molecular  ions 
using  a  lossless  medium.  For  many 
years  we  have  been  studying  two  meth- 

ods of  dissociation  which  have  the 
desired  "lossless"  characteristic.  One  is 
electric  field  dissociation,  the  other  is 
photoelecetric  dissociation. 

Use  of  visible  light  to  dissociate 
high-energy  molecular  ions  was  pro- 

posed and  the  cross-section  was 
measured  about  six  years  ago.  Imple- 

mentation of  this  process  as  a  practi- 
cal method  of  plasma  production  is 

dependent  on  the  development  of  high- 
intensity  photon  sources.  As  previously 
mentioned,  such  irradiation  sources  are 
under  active  development,  in  connec- 

tion with  optical  pumping  of  lasers. 
Fig.  2  shows  the  photodissociation 

process,  and  Fig.  3  shows  schematically 
a  possible  arrangement.  To  obtain  suffi- 

ciently intense  irradiation  in  a  reactor, 
an  array  of  photon  sources  may  be 
necessary;  this  might  utilize  reflecting 
surfaces.  Fig.  4  shows  the  transitions 
involved  in  photodissociation  of  H2~ molecular  ions.  The  effectiveness  of 
this  process  is  indicated  in  Table  1. 
If  an  intensity  of  one  kilowatt  per  cm2 
can  be  achieved,  the  corresponding 
mean  life  of  a  hydrogen  molecular  ion 
is  about  100  microseconds. 

This  mean  life  is  about  equal  to  the 
"free-flight  time"  of  a  charged  particle 
in  a  mirror-machine  or  stellarator  of 
reasonable  size.  Thus,  an  injected  ion 
spends  about  100  microseconds  within 
the  machine  from  the  instant  it  leaves 
the  injector  until  the  instant  it  returns 
to  strike  the  injector.  During  this  100 
microseconds  about  half  of  the  injected 
molecular  ions  would  be  dissociated  and 
therefore  trapped  by  the  action  of  the 
photon  flux  having  an  intensity  of  1 

kilowatt  per  cm2. 
PHOTON 

MAGNETIC  FIELD 

  OUT  OF  PAPER Fig.  2 — Sketch  of  photodissociation  process 
shows  photon  impacting  molecular  ion. 

MOLECULAR ION  BEAM 

PHOTON  SOURCE 

Fig.  3 — Schematic  of  possible  arrangement 
of  photon  source  and  ion  beam. 
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For  such  a  high  dissociation  traction, 
this  method  of  plasma  production  looks 
quite  promising.  As  mentioned  earlier, 
if  one  can  regulate  the  plasma  density 
at  high  energy,  so  as  to  enter  the  insta- 

bility regime  under  controlled  condi- 
tions, such  experimental  probing  may- 

be expected  to  yield  useful  information 
about  the  details  of  the  instabilities; 
when  the  causes  are  clearly  understood, 
one  may  determine  what  to  do  to  pre- 

vent their  onset. 

•  Conceptual  design — Many  engi- 
neering problems  must  be  analyzed 

before  a  design  can  be  regarded  as 
feasible.  We  will  try  to  obtain  only 
order-of-magnitude  estimates  of  the 
performance  and  weight  of  basic 
components. 

Consider  the  problem  of  heat  dis- 
posal. A  fusion  reactor  must  emit  radia- 
tions such  as  neutrons  and  brems- 

strahlung,  which  are  intercepted  by  the 
solid  portions  of  the  vehicle  and  thereby 
transformed  into  heat. 

This  "heat  power"  may  be  a  sig- nificant part  of  the  total  fusion  power. 
If  it  is  to  be  radiated  away,  the  radi- 

ators may  require  about  one  kilogram 
per  kilowatt.  Such  a  configuration 
would  have  a  maximum  acceleration 
of  the  order  of  0.001  G,  if  the  specific 
impulse  is  in  the  range  of  several  thou- 

sand seconds,  and  thus  have  perform- 
ance roughly  comparable  to  currently 

conceived  electrical  propulsion  systems. 
An  admittedly  bold  approach,  which 

raises  many  important  and  difficult 
technological  questions,  is  the  use  of 
a  coolant  to  eliminate  the  need  for 
radiators.  A  coolant  such  as  lithium 

would  absorb  the  "heat  power"  by  an 
increase  in  enthalpy  without  exceeding 
a  temperature  that  is  safe  for  struc- 

tural material.  After  absorbing  the  heat 
power,  the  coolant  would  change  its 
role  and  become  the  propellant. 

It  receives  power  directly  from  the 
fusion  plasma  and  is  thereby  heated 
to  exhaust  temperature.  A  suitable  ejec- 

tion nozzle  system  produces  the  desired 
thrust.  A  schematic  arrangement  of  the 
lithium  and  fusion  plasma  is  indicated 
in  Fig.  5. 

This  shows  a  stellarator-type  con- 
figuration, in  which  the  fusion  plasma 

occupies  a  cylindrical  volume  along 
the  axis.  Surrounding  the  plasma  is  a 
cylindrical  shell  containing  the  ionized 
lithium.  Although  the  entire  reactor  is 
not  shown,  one  can  readily  visualize 
the  introduction  of  the  lithium  vapor 
at  any  convenient  location,  whereupon 
it  becomes  ionized  by  the  radiations 
from  the  fusion  plasma,  and  is  therefore 
confined  in  the  radial  direction  by  the 
magnetic  field. 

The  lithium  plasma  is  free  to  move 
along  the  field  lines  until  it  reaches  the 
divertor  region  shown  in  the  sketch. 
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Fig.  4 — Atomic  transitions  involved  in 
photodissociation  of  molecular  H,  ion. 

where  it  is  expelled  from  the  lines  of 
force  by  centrifugal  forces  and  by  the 
magnetic  field  gradient  of  the  nozzle 
coils.  (Arrangements  other  than  the  one 
shown  are  of  course  possible.)  Experi- 

mental information  is  needed  for  this 
phase  of  the  operations. 

To  ensure  that  the  fusion  plasma  is 
not  mixed  with  the  lithium  plasma, 
appropriate  rotation  of  the  lithium  may 
be  necessary. 

Basically  the  lithium  plasma  must 
surround  the  fusion  plasma  because  of 
the  high  rate  of  cyclotron  radiation. 
As  we  shall  see  shortly,  for  our  assumed 
case  of  magnetic  field  intensity  and 
electron  temperature,  nearly  all  of  the 
fusion  power  is  radiated  in  the  cyclo- 

tron mode.  This  is  a  convenient  method 
of  transferring  the  fusion  power  to  the 
lithium  plasma.  Products  of  the  fusion 
process  are  assumed  to  be  removed 
from  the  reactor  by  the  divertor  action, 
in    the   manner    contemplated    for  a 

LITHIUM 
A  PROPELLANT 

EEHithium  plasma AXIS  — -■  — UllslON  PLASMA 

Fig-  5 — Ejection  nozzle  system  showing 
lithium  and  fusion  plasmas. 

standard  stellarator. 
•  System  details  —  Choice  of  fuel 

and  operating  temperature  is  largely 
dictated  by  the  necessity  for  minimizing 
neutron  production.  Thus  the  deu- 

terium-tritium reaction,  which  produces 
a  neutron  for  each  fusion  event,  is 
undesirable.  Quite  obviously  the  choice 
of  fuel  is  deuterium  and  helium,  the 
latter  being  the  isotope  of  mass  three. 

Table  2  shows  the  reaction  in  equa- 
tion 1 ,  for  which  no  neutrons  are  pro- 

duced. Of  course,  "side  reactions" between  deuterium  ions  can  occur,  as 
shown  in  equations  2  and  3.  Of  these, 
only  reaction  2  produces  neutrons.  To 
minimize  this  reaction,  compared  to 
reaction  1,  we  select  the  reaction  temp- 

erature of  100  kilovolts,  with  a  50-50 
mixture  of  D  and  He3.  For  these  reactor 
conditions,  the  neutron  power  is  about 
2%  of  the  fusion  power. 

In  addition  to  the  neutrons,  two 
sources  of  radiation  from  the  fusion 
reaction  zone  need  to  be  considered; 
these  are  the  bremsstrahlung  and  cyclo- 

tron radiation.  Much  of  the  brems- 
strahlung radiation  power  is  produced 

in  the  wavelength  region  of  less  than  an 
angstrom,  and  hence  cannot  be  reflected 
or  absorbed  in  a  thin  wall. 

(  onservatively,  we  assume  that  all 
of  the  bremsstrahlung  radiation  and 
all  of  the  neutron  power  escape  from 
the  reaction  zone  and  produce  heating 
in  the  structural  portion  of  the  vehicle. 
The  cyclotron  radiation  will  be  mainly 
in  the  visible  and  infrared  wavelengths, 
and  hence  can  be  reflected  by  polished 
metallic  surfaces  if  desired,  with  only 
1  %  absorption.  It  can  be  readily 
absorbed  by  the  lithium  plasma. 

Fuel  is  fed  into  the  reactor  in  the 
cold,  neutral  state  and  heated  in  place; 
the  calculated  steady-state  temperature 
of  the  electrons  is  considerably  lower 
than  that  of  the  D  and  He3  ions. 

The  size  of  the  reactor  and  the 
weight  of  many  of  the  components  will 
be  determined  by  the  power  density, 
which  varies  as  the  fourth  power  of 
the  magnetic  field  strength.  We  assume 
that  during  the  next  few  years  experi- 

ence will  make  it  possible  to  obtain 
large  superconducting  solenoids  capable 
of  sustaining  400,000  gauss,  with  cur- 

rent density  of  10'  amperes/cm-. 
Experimental  samples  have  already 
been  obtained  which  exhibit  super- 

conductivity at  500.000  gauss. 
We  further  assume  that  fusion 

plasma  can  be  contained  at  a  ratio  of 
particle  energy  density  to  magnetic 
field  energy  density,  equal  to  one-half. 

Reactor  conditions  and  power  den- 
sities are  summarized  in  Table  2.  It 

shows  that  for  the  selected  conditions, 
the  neutron  power  is  about  2%  of  the 
fusion  power,  and  the  bremsstrahlung 
radiation  is  about  10%  of  the  fusion 
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IEW  DIMENSIONS  IN  SPACE 

rom  early  theories  on  space  geometry,  man's  knowledge 
rogressed  to  a  finer  appreciation  of  the  universe  and  the 
hallenging  problems  in  its  exploration. 

exas  Instruments  is  applying  its  capabilities  to  an  im- 
>rtant  part  of  the  challenge  —  the  problems  of  data 
:quisition,  transmission,  recovery,  and  display. 

ne  of  the  newest  technologies  being  brought  to  maturity 
.  the  Apparatus  division  is  the  expanded  application  of 
umiconductor  network  circuitry  to  space  exploration 

luipment.  TI's  approach  improves  reliability  and  sim- 
lifies  circuitry  —  effectively  extending  equipment  capa- 

city without  increasing  volume. 

ar  more  information  write  Marketing  department — 47. 
Circle  No.  8  on  Su! 

Here  is  one  example :  This  seven-ounce  PCM  digital  data  signal  con- 
ditioner has  the  semiconductor  network  equivalent  of  2,215  com- 
ponents. Logic  is  performed  by  Solid  Circuit'*  semiconductor  net- works —  102  of  them.  This  equipment  has  already  been  delivered 

to  the  Department  of  Physics  and  Astronomy  at  the  State  Univer- 
sity of  Iowa  for  an  EGO  satellite  experiment. 

"Trademark  of  Texas  Instruments  Incorporated 

Texas  Instruments 
INCORPORATED 

:riber  Service  Card 



Weapon  system  management:  BOMARC 

Management  for  today  and  tomorrow- by  Boeing  Aero-Space  Division 

Boeing's  Aero-Space  Division  has  major  contract  responsi- 
bilities in  the  fields  of  missiles,  weapon  systems,  boosters, 

space  vehicles,  electronics,  hydrofoils  and  space  research. 
The  Division  is  backed  by  the  most  extensive  laboratories 

and  research  facilities  in  the  industry,  and  employs  ad- 
vanced business  systems  and  management  techniques  such 

as  PERT.  Fifteen  thousand  engineers,  scientists, production 
and  staff  specialists  give  the  Division  the  full  range  of 
capabilities  required  in  all  phases  of  the  management 

of  its  complex  weapon  and  space  system  programs. 
The  Division  has  experience  in  depth  in  such  areas  as 

supersonic  aerodynamics,  systems  engineering,  electronics 
engineering  and  manufacturing.  Emphasis  on  quality  con- 

trol and  reliability  engineering  has  contributed  toward  the 
Division's  outstanding  record  of  performance  in  systems 
management.  It  has  also  assured  the  design  and  develop- 

ment of  superior  products,  manufactured  and  delivered  on 
schedule,  at  lowest  cost. 
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power.  The  cyclotron  radiation  is  about 
equal  to  the  fusion  power,  which  is 
advantageous  in  our  case. 
We  can  now  calculate  the  specific 

impulse;  this  is  shown  in  Table  3. 
We  note  that  the  mass  flow  rate  of  the 
lithium  must  be  such  that  the  total 
neutron  and  bremsstrahlung  power  is 
absorbed  by  heating  the  lithium  to 
vapor.  The  values  given  are  all  in  terms 
of  unit  volume  of  fusion  plasma.  Thus, 
equating  the  kinetic  energy  in  the  lith- 

ium when  thrust  from  the  vehicle  to 
85%  of  fusion  power,  we  obtain  the 
specific  impulse  shown  of  2200  seconds, 
which  is  interesting  for  many  space  mis- 

sions. The  factor  of  85%  arises  from 
assumed  nozzle  efficiency. 

We  are  now  ready  to  calculate  the 
reactor  size.  We  arbitrarily  select  the 
total  initial  mass  of  the  system  to  be 
100  tons,  and  require  the  acceleration 
to  be  equal  to  1  g.  With  these  specifica- 

tions, and  the  specific  impulse  just  cal- 
culated, immediately  we  can  obtain  the 

total  propellant  flow  rate,  and  thus  the 
reactor  power  and  volume. 

If  the  reactor  is  a  torus  having  a 
major  diameter  five  times  the  tube 
diameter,  and  space  is  allowed  for 
lithium  flow  and  heat  insulation,  etc., 
the  values  are  those  given  in  Table  3. 
This  is  a  summary  of  the  items  de- 
scribed. 

Next  to  be  considered  is  weight. 
Weight  of  the  superconducting  wire  is 
multiplied  by  a  factor  of  three  to  take 
into  account  insulation,  structural 
materials  to  help  contain  the  magnetic 
pressure  of  100,000  pounds  per  sq. 
inch,  etc.  This  gives  a  reactor  weight 
of  12,000  kilograms.  Other  component 
weights  of  the  space  vehicle  are  given 
in  Table  3.  It  will  be  noted  that  the 
propellant  is  half  of  the  total  weight. 

We  thus  come  to  the  mission  poten- 
tial of  the  system,  also  shown  in  Table  3. 

This  yields  a  total  velocity  increment 
of  50,000  feet  per  second — adequate 
for  many  interesting  space  missions. 

SUMMARY 

The  opening  portion  of  this  paper 
dealt  with  performance  requirements 
necessary  to  justify  a  costly  develop- 

ment: the  minimum  objective  is  a  high- 
acceleration,  high-specific-impulse  sys- 

tem. Next  we  discussed  prospects  for 
fusion  power,  and  the  role  of  such 
units  in  space  propulsion  systems. 

Following  this  was  a  discussion  of  a 
method  of  fusion  plasma  production 
employing  photoelectric  dissociation. 
For  this,  photon  intensity  of  the  order 
of  1  kilowatt  per  cm2  is  necessary;  this 
should  soon  be  available  because  of 
research  and  development  associated 
with  laser  technology.  With  this  method 
of  plasma  production,  we  expect  to 
obtain  useful  information   about  the 

TABLE  1— PHOTOELECTRIC 
DISSOCIATION  OF  H2+  IONS 

USING  VISIBLE  LIGHT 

(AH-6    Mercury  Vapor 
Section  =  1CT17  CM2) 
PHOTON  INTENSITY 
(WATTS  PER  CM2) 1 

10 

102 
103 

Lamp — Average  Cross 

MEAN  LIFE 
(SECONDS) 

0.1 

10~2 
io~3 
10"4 

TABLE  2— SYSTEM  DESIGN 
CHOICE  OF  FUEL 

Eq.  1.  D  +  He3— ̂     He4         +  H 
(3.6  Mev)  (14.7  Mev) 

Eq.  2.  D  +  D  — >      He3        +  n 
(0.8  Mev)  (2.4  Mev) 

Eq.  3.  D  +  D  ->      T          +  H 
(1.0  Mev)  (3.0  Mev) 

ILLUSTRATIVE  REACTOR  CONDITIONS 
Magnetic  Field,  6:    400,000  Gauss 

kT,:     100,000  e.  v. 
(cT6:      20,000  e.  v. 

nfcT/(B2/8):  0.5 
nD  =  nHe3:  7xl015/CM3 

ne:    2  x  1016/CM3 
POWER  DENSITY 
(Watts  Per  CM3) p  D-He3  =  3  x  101 

p  neutron  =  7  x  1 02 
fbremms.  =  2  x  103 

pcycl.  =  3  x  104 

TABLE  3— PERFORMANCE  AND 
SPECIFICATIONS 

SPECIFIC  IMPULSE 

AH  (Lithium)  =  2.8  x  107  Joules/KG 
(dm/df)  =  (Pbr  +  Pn)/AH Vi[dm/dt)U'  =  0.85PDHe3 

U  =  22,000  meters/sec 

PERFORMANCE  SUMMARY 
Total  Initial  Mass: 
Acceleration  (Thrust/Mass): 
Specific  Impulse: 
Total  Power: 
Plasma  Volume: 
Reactor  Torus  Dimensions: 

Minor  Diameter  =  2  ft. 
Major  Diameter  =  6  ft. 

1 00  tons 

1  9 

2200  sec. 
1 .3  x  1010  watts 

7  x  105  cm3 

WEIGHT  ALLOCATION 

Payload  (Crew,  Etc.) 
Reactor 
Helium  Refrigerator,  Etc. 
Tankage  Plumbing,  Etc. 
Miscellaneous 
Propellant TOTAL: 

Kilograms 

25,000 
12,000 

3,000 5,000 

5,000 
50,000 100,000 

FINAL  MASS 
INITIAL  MASS 

MISSION  POTENTIAL 
0.5  =  exp  (-AU/U) 

U  =  22,000  meters/sec 
U  =  15,300  meters/sec 
U  =  50,000  ft./sec 

details  of  plasma  instabilities;  when  the 
causes  are  clearly  understood,  one  may 
determine  the  appropriate  remedies. 

In  the  second  half  of  the  paper  we 
sketched  our  conceptual  design  of  a 
space  propulsion  system  employing 
fusion  power.  Plasma  stability  was 
assumed,  also  availability  of  magnetic 
fields  of  400,000  gauss.  By  appropriate 
injection  of  material,  two  zones  of 
plasma  are  formed.  The  inner  region 
represents  the  fusion  zone,  which  oper- 

ates on  the  basis  of  the  D-He3  reaction. 
The  fusion  power  density  is  about 

3  x  104  watts  per  cm3.  This  power  is 
transferred  from  the  ions  to  the  elec- 

trons, and  the  electrons  in  turn  radiate 
nearly  all  of  it  in  the  form  of  cyclo- 

tron power. 
The  outer  region  of  the  magnetic 

field  contains  the  second  zone,  which 
is  the  propellant  plasma.  This  has  a 
much  lower  temperature  than  the  fusion 
region,  and  a  correspondingly  higher 
density.  It  intercepts  essentially  all  of 
the  cyclotron  radiation.  The  brems- 

strahlung power  and  the  neutron  flux 
which  penetrate  through  the  propellant 
plasma  produce  heating  of  the  vehicle 
and  this  is  removed  by  the  enthalpy 
change  of  the  lithium  acting  as  a 
coolant. 

The  torus  that  contains  the  two 
plasma  zones  has  a  minor  diameter 

of  about  two  feet,  and  a  major  diameter 
of  about  six  feet.  The  mass  of  the  super- 

conducting coils  is  four  tons,  which  we 
multiply  by  an  arbitrary  factor  of  three 
for  structural  material,  to  give  a  total 
mass  of  the  reactor  and  thrust  aug- 

menting unit  of  about  12  tons. 
The  capability  of  this  system, 

assuming  that  everything  works,  is 
described  by  the  illustrative  example: 
payload  of  25  tons,  propellant  of  50 
tons,  auxiliary  equipment  of  25  tons, 
gives  an  initial  total  mass  of  100  tons. 
The  specific  impulse  of  the  system  is 
a  little  over  2,000  seconds.  The  total 
increment  in  velocity  is  50,000  feet  per 
second.  The  acceleration  of  the  system 
is  about  1  G. 

One  may  conclude  that  such  per- 
formance is  worth  a  considerable  effort. 

It  would  indeed  take  a  considerable 
effort,  even  if  a  stable  fusion  plasma 
were  at  hand,  and  even  if  superconduc- 

tors of  desired  characteristics  were 
available,  because  many  important 
problems  remain  to  be  solved.  Consid- 

eration of  a  conceptual  propulsion  sys- 
tem gives  an  appreciation  of  the  need 

for  information  regarding  plasma  thrust 
augmenters,  plasma  zones  that  are 
adjacent  but  not  intermingled,  absorp- 

tion of  bremsstrahlung  and  cyclotron 
radiation  in  dense  plasmas,  and  a  host 
of  practical  engineering  problems.  8 
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space  electronics 

Photon  Rocket  Proposed  for  Deep  Space 

Miami,  Fla. — The  real  problem  in 
space  propulsion  is  not  that  of  reach- 

ing the  planets  from  Earth  but  of  reach- 
ing out  beyond  this  solar  system. 
Even  the  fusion  rocket,  according 

to  NASA's  Dr.  Ernst  Stulinger,  is  not 
the  ultimate.  To  get  to  the  stars  will 
require  a  photon  rocket  capable  of 
achieving  a  speed  approaching  that  of 
light. 

Stuhlinger,  Director  of  Research 
Projects  Division  at  the  Marshall  Space 
Flight  Center,  told  the  1962  National 
Symposium  on  Space  Electronics  and 
Telemetry  here  that  several  "insur- 

mountable" problems  still  face  photon- 
rocket  developers.  However,  he  de- 

clared, a  functional  model  already  ex- 
ists— a  common  flashlight  if  placed  in 

outer  space  would  attain  a  velocity  of 
about  1  ft./hr.  before  its  battery  ran 
dead. 

A  practical  space  rocket,  he  con- 
tinued, would  run  into  such  problems 

as  absorbing  3  megamegawatts  of  power, 
an  order  of  magnitude  which  no  struc- 

ture that  we  now  know  could  withstand. 
As  for  a  fusion  rocket,  Stuhlinger 

said  that  it  is  not  certain  whether  an  ideal 
model  will  ever  be  invented.  Even  if 
the  problem  of  a  controlled  fusion  re- 

action is  solved,  attendant  engineering 
problems  are  so  great  that  they  too 
may  be  insurmountable.  As  an  example, 
Stuhlinger  cited  the  stagnation  tempera- 

ture in  the  exhaust  of  a  fusion  rocket 
which  may  reach  up  to  10  billion  de- 

grees K. 

•  Electronics1  role  in  space — Theme 
of  this  year's  Symposium  was  "Un- 

locking the  Universe" — a  tribute  to  the 
important  role  of  electronics  in  space 

exploration.  Sponsored  by  the  Institute 
of  Radio  Engineers  Professional  Group 
on  Space  Electronics  and  Telemetry, 
the  meeting  was  attended  by  more  than 
1000  and  featured  technical  sessions 
with  more  than  40  papers  on  new 
developments  and  techniques  in  space 
electronics,  as  well  as  hardware  exhibits 
from  industry,  NASA,  and  the  military. 

Fittingly,  NASA  was  especially 
prominent  in  the  meeting.  Many  space 
agency  personnel  were  involved,  to- 

gether with  extensive  displays  featuring 
an  elaborate  large-scale  model  of  the 
Saturn  and  a  full-size  Mercury  capsule 
complete  with  escape  tower. 

A  classified  session  devoted  to  the 

nation's  space  program  included  as 
speakers  Col.  R.  M.  Wray,  Asst.  Vice 
Commander,  Air  Force  Electronic  Sys- 

tems Division;  Brig.  Gen.  J.  W.  John- 
ston, commanding  general.  Army  Sat- 
ellite Communications  Agency;  Capt. 

W.  E.  Berg,  chief  of  Naval  Astro- 
nautics Development;  and  Kurt  Stehl- 

ing,  scientist,  NASA  Office  of  Plans  and 
Program  Evaluation. 

A  unique  feature  of  the  Symposium, 
scheduled  for  Thursday,  was  a  trans- 

atlantic telephone  call  relayed  via  Tel- 
star  between  Miami  and  Geneva,  Switz- 

erland. Primary  purpose  of  the  call  was 
to  interchange  greetings  between  offi- 

cials here  and  those  in  the  International 
Telecommunications  Union  meeting  in 
Geneva. 

•  Exhibit  highlights — Some  75  com- 
panies exhibited  developments  in  mis- 

sile/ space  electronics.  This  was  the 
largest  number  yet  to  participate  in  this 
symposium. 

Among  new  products  introduced  was 

a  solid-state  vhf  fm  transmitter  reported 
to  be  the  first  built  to  meet  aerospace 
operational  specifications.  Developed  by 
Electronic  Communications,  Inc.,  it 
weighs  only  36  oz.  and  is  designed  to 
operate  in  a  vacuum  and  withstand  im- 

pact and  acceleration  forces  of  up  to 100  g. 

Dynatronics,  Inc.  unveiled  two  new 
developments:  a  solid-state  analog-to- 
digital  converter,  which  will  fly  for  the 
first  time  in  the  Saturn  S-3,  and  a  PCM 
signal  conditioner  developed  for  NASA. 

Ampex  Corporation  introduced  ifs 
new  14-track,  1.5-mc  instrumentation 
recorder,  a  solid-state  unit  also  billed 
as  a  first.  The  unit  was  developed  to 
meet  the  requirements  of  predetection 
recording,  a  rapidly  growing  applica- 

tion that  has  posed  special  problems  for 
recorders.  Ampex  also  showed  a  new 
magnetic  instrumentation  tape  especially 
built  for  this  recorder. 

A  versatile  new  PCM  data  proces- 
sor, reportedly  capable  of  handling  all 

present  and  future  mission  require- 
ments, was  shown  by  Electro-Mechan- 

ical Research.  This  unit  will  accept  vari- 
able word-length  data  within  a  frame 

in  any  word  pattern.  It  also  features  an 
extremely  wide  bit-rate  range — from 
one  to  one  million  bits  per  second. 

Radiation,  Inc.  exhibited  its  PCM 
telemetry  system  now  flying  in  Telstar. 
Its  exhibit  also  included  a  PCM  package 
for  the  Orbiting  Astronomical  Observa- 

tory and  one  for  Nimbus,  the  advanced 
weather  satellite  scheduled  for  launch 
next  year. 

A  new  solid-state  telemetry  data  re- 
duction system  was  introduced  by  Vec- 

tor Manufacturing  Co.,  which  also 
showed  a  new  3-watt  "true  FM"  trans- mitter and  a  new  portable  frequency 
counter  with  a  built-in  digital  volt- 

meter. The  frequency  counter — with  a 
capability  of  up  to  one  megacycle — is 
powered  by  a  rechargeable  battery. 

Motorola's  Military  Electronics  Di- 
vision, in  a  hotel  suite  display,  showed 

its  digital  command  subsystem  which 
controlled  the  significant  mid-course 
trajectory  correction  to  maneuver  Mar- 

iner II  to  pass  within  a  few  thousand 
miles  of  Venus. 

Motorola  also  showed  a  complete 
radio  transmitter/receiver  built  with  in- 

tegrated circuits.  This  interim  model 
was  developed  for  the  Air  Force  to 
demonstrate  compatibility  of  thin-film 
and  semiconductor  integrated  circuit 
techniques.  8 

Electronics  Industry  Blasted 

AS  MUCH  as  60%  of  the  an- 
nual $7  billion  spent  on  defense 

electronic  R&D  goes  for  overruns 
on  cost-plus-fixed-fee  contracts,  says 
Dr.  Eugene  Fubini,  Deputy  Direc- 

tor, Defense  Research  and  Informa- 
tion Systems,  DOD. 

Several  instances  of  such  over- 
runs were  cited  by  Fubini  at  the 

Space  Electronics  and  Telemetry 
Symposium,  including  the  Sugar 
Grove  antenna  fiasco,  and  an  unspec- 

ified multimillion-dollar  contract  with 
excesses  of  24%  in  four  months  and 
another  29%  in  the  next  four. 

Fubini  cited  as  contributing  fac- 
tors, too  little  consideration  to  per- 

formance and  too  much  emphasis  in 
sales  and  personnel  recruiting  com- 

petitions. The  DOD  expert  laid  some 
blame  on  the  "American  Syndrome" 
— if  it  can  be  done,  do  it  and  ignore 
its  necessity  or  cost — and  also  at- 

tacked what  he  called  the  "Crust 

Theory." The  latter  involves  groups  split- 
ting off,  forming  new  companies 

which  in  turn  father  newer  firms 

composed  of  "crusts  with  nothing 

underneath." 
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The  Industry  Week 

Emerson  Electric  Gears  for  Space  Jobs 

Shift  in  name  of  Emerson  Electric's  former 
Electronics  &  Avionics  Div.  to  Electronics  and 
Space  Products  Div.  is  the  most  recent  step  in 
a  program  to  gear  the  firm  for  more  missile/ 
space  projects.  Earlier  steps  included  appoint- 

ment of  Dr.  Robert  L.  San  Soucie  as  vice  presi- 
dent and  technical  director,  and  Richard  B. 

Loynd  as  vice  president  for  programs  of  the 
division. 

Establishment  of  a  new  Thermodynamics  and 
Chemistry  Dept.  within  the  division  and  spend- 

ing of  $500,000  on  expansion  of  thermochemistry 
facilities  indicate  that  Emerson  considers  pros- 

pects good  for  its  Thermo-Lag  compounds,  which 
are  designed  to  give  spacecraft  and  missiles 
thermostatic  temperature  control  by  sublimation 
rather  than  ablation  (M/R,  Aug.  31,  1959,  p.  28). 
Managing  the  new  department  is  Ruben  K.  Feld- 
man,  who  developed  the  compounds. 

Thermo-Lag  is  being  used  as  part  of  the 
protection  system  on  Polaris  A2,  Saturn,  Thor- 
Delta  and  other  missile/space  systems.  Walter 
Schirra's  space  capsule  bore  a  test  patch  of  the material  in  the  first  evaluation  of  the  material 
for  manned  space  flight. 

Lockheed  Acts,  Speaks  on  RIFT 

A  Lockheed  Missiles  &  Space  Co.  test  run 
has  confirmed  feasibility  of  moving  RIFT  nu- 

clear rocket  stages  from  Port  Hueneme,  Calif., 
to  Jackass  Flats,  Nev.,  though  in  some  places 
clearance  may  be  as  little  as  six  inches.  The 
company  moved  a  road  gage  trailer  over  the  435- 
mile  route  planned  for  five  RIFT  stages  to  travel 
to  AEC's  proving  ground  for  static  tests.  .  .  . 
Lockheed  is  presently  arguing  that  as  much  as 
$20  million  can  be  saved  on  RIFT  production  by 
use  of  existing  facilities  at  Moffett  Naval  Air 
Station,  Calif.  As  NASA  choice  of  a  site  nears, 
Congressmen  from  the  South  and  Midwest  re- 

portedly are  applying  pressure  to  have  their  dis- 
tricts picked  for  the  facility.  Decision  may  be 

delayed  until  after  Nov.  6  elections  to  reduce 
criticism  of  putting  another  missile/space  facil- 

ity in  California. 

Industry  Facilities 

Westinghouse  Electric  Corp.  will  consolidate 
its  molecular  electronics  division  at  a  new  90,- 
OOO-sq.-ft.  facility  to  be  built  on  70  acres  near 
Baltimore.  Present  ME  activities  at  Pittsburgh 
and  Youngwood,  Pa.,  and  Baltimore  will  be  con- 

centrated at  the  site,  but  the  astroelectronics 
department  of  the  division  will  remain  at  New- 

bury Park,  Calif.  Construction  will  begin  shortly, 
and  the  facility  is  expected  to  be  operational  by 
next  spring.  .  .  .  North  American  Aviation,  Inc., 
has  placed  scientists,  technicians  and  support 

personnel  of  its  Science  Center  in  leased  quarters 
at  Canoga  Park,  Calif.  Construction  of  full-scale 
facilities  in  nearby  Conejo  Valley  is  under  way. 
.  .  .  General  Precision,  Inc.,  is  building  two  new 
buildings  for  the  San  Marcos,  Calif.,  branch  of 
its  Librascope  Div.  The  branch  produces  guid- 

ance computer  equipment  for  Centaur.  .  .  .  Geo- 
physics Corp.  of  America  has  opened  a  new 

branch  office  at  Salt  Lake  City,  Utah,  in  support 
of  a  meteorological  research  program  for  the 
Army  Chemical  Corps  at  nearby  Dugway  Prov- 

ing Ground.  Dr.  Harrison  E.  Cramer  will  head 
the  office.  .  .  .  Thiokol  Chemical  Corp.  will  build 
and  install  a  new  instant  steam  generation  sys- 

tem for  the  Edwards  AFB  facility  of  California 
Institute  of  Technology's  Jet  Propulsion  Lab- 

oratory. Heart  of  the  system  is  a  combustor 
generating  about  300,000  lbs.  of  steam  per  hour at  300  psig. 

Industry  Firsts  Claimed 

Boeing  Co.'s  first  manufacturing-type  opera- 
tions for  the  Advanced  Saturn  booster  were  com- 

pleted with  successful  test-rolling  of  a  37-ft.-by- 
5-in.,  5400-lb.  aluminum  billet  at  Ingalls  Ship- 

building Corp.  The  billet  will  be  used  in  forming 
the  Saturn  "Y"  ring,  integral  part  of  the  fuel 
tank  and  outer  structure.  .  .  .  The  first  decade  of 
operation  by  Thiokol  Chemical  Corp.  of  its  Long- 
horn  Div.  for  the  Army  was  marked  by  cere- 

monies at  Marshall,  Tex.,  recently.  Since  1952 
more  than  126,000  motors  requiring  over  20  mil- 

lion pounds  of  solid  propellant  have  been  pro- 
duced and  shipped;  more  than  $88  million  has 

been  spent  on  rocket  projects;  and  total  contract 
value  has  topped  the  $103-miMon  mark.  .  .  .  The 
Naval  Research  Laboratory  has  given  the  Smith- 

sonian Institution  a  photo  mural  made  from  181 
separate  exposures  taken  by  an  .Aerobee-mounted 
camera.  The  mural  shows  a  composite  view  of  a 
large  segment  of  the  Earth.  The  Navy  Aerobee, 
made  by  Aerojet -General,  carried  the  camera  100 
miles  up,  and  pictures  were  taken  before  para- chute descent. 

Other  News  Notes 

The  National  Science  Foundation's  U.  S. 
Antarctic  Research  Program  will  continue  Argus 
rocket  firings  over  the  South  Pole  this  season. 
The  shots,  made  from  McMurdo  Station,  will  cull 
data  on  winds  and  temperatures  150,000  ft.  up. 
Extreme  weather  conditions  and  technical  prob- 

lems hindered  past  efforts.  The  rockets  are  pro- 
vided by  Atlantic  Research  Corp.  and  fired  by 

Texas  Western  University  personnel.  Other  hard- 
ware is  donated  by  the  military.  .  .  .  Effective 

next  July  1,  Air  Force  Communications  Service 
will  reduce  the  number  of  its  subordinate  eche- 

lons in  the  U.  S.  from  six  to  three  geographical 
regions — Eastern,  Central  and  Western. 
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PROJECTING  THE 

WORLD'S  LARGEST 
SPACE  SHIP  AND 

UNIVERSAL 

ROCKET  ENGINES 

Spherical 
and 

Cylindrical 
The  Hicks  Corp.,  Asheville, 
N.  C;  Charleston  Drydock 

and  Shipbuilding  Co., 
Charleston,  S.  C;  Prengle, 
Dukler  &  Crump,  Houston, 

Tex.;  Dresser  Products,  Inc., 
Great  Barrington,  Mass.; 
The  Lynn  Corp.,  Asheville, 

N.  C.  and  Boston. 

products  and  processes 

THE  FIVE  SPACE  ASSOCIATES 

plan  sphericals  in  metal 
and  wound  filaments  up  to 
72  feet  in  diameter — 
cradled  in  hour-glass  sep- 

arators with  T.L.C.*  The 
only  Universal  Motor  Mfgr. 
today. 

*  "Tender  Loving  Care" 

Tfffiiti/£K£  CORP. 
^^fiSS^SPJCf  AGE  S7ffl  PRODUCTS ASHEVILLE,      NORTH  CAROLINA 

Established  1841 

New  Product  of  the  Week: 

Pyrometric  Mo/arc  Lamp 

A  radiation  standard  that  may  be 
used  for  accurate  calibration  of  pyro- 

meters at  high  temperature,  or  as  a 
comparison  source  in  spectroscopy  is 
available  from  Mole-Richardson  Co. 
Its  absolute  brightness  temperature  is 
3803°  K  with  an  uncertainty  of 
—20°.  The  spectral  radiance  of  the 
source  is  close  to  3800°  K  temperature 
throughout  the  spectral  range  of  3000 
to  42,000  Angstroms,  except  for  a  few 

isolated  wavelengths.  The  pyrometric 
molarc  lamp  requires  a  direct-current 
power  source  with  negligible  voltage 

ripple  component,  together  with  an  arc- 
stabilizing  vernier-adjustable  series  bal- 

last resistance  as  furnished  by  its  asso- 
ciated pyrometric  molarc  power  supply 

Type  2381,  which  operates  from  a  120- 
volt,  single-phase,  60-cycle  20-amp  ac 
circuit. 

Circle  No.  225  on  Subscriber  Service  Card 

Waveguide  Shorting  Switch 
A  waveguide  shorting  switch  with 

60-db  isolation  has  been  developed  by 
Microwave  Development  Laboratories. 
Inc.  This  unit,  Model  90SW106# 
is  available  in  EIA  waveguide  size 
WR90,  operates  over  the  frequency 
range  8.5  to  9.6  GC/sec.  and  has  60-db 
minimum  protection. 

Circle  No.  226  on  Subscriber  Service  Card 

Rapid  Photoprocessor 

The  Rapidata  (R)  904  Photoproces- 
sor, to  handle  a  variety  of  16,  35  or 

70-mm  films  for  rapid  processing,  has 
been  developed  by  Photomechanisms, 
Inc.  Various  chemical  kits  provide  for 
processing  a  number  of  photosensitive 
materials  including  negative,  reversal 
and  two-color  data-recording  films  and 
photographic  papers. 

Typical  uses  are:  processing  tele- 
metered information,  recorded  engi- 

neer data,  computer  outputs,  medical 
films,  microfilms.  The  unit  is  fully  auto- 

matic.   Strict   control   over  agitation. 

time,  temperature,  and  solution  fresh- ness assures  uniform  results. 
Circle  No.  227  on  Subscriber  Service  Card 

Video  Flim  Recorder 

A  video  film  recorder  that  provides 
professional  broadcast  recording  quality 
has  been  developed  by  Vue-Tronics. 
Inc.  Designed  for  broadcast  and  indus- 

trial applications,  Model  RK-120  is 
also  being  used  by  the  aerospace  indus- 

try for  numerous  applications,  including 
training  and  failure  analysis. 

Included  in  the  new  features  are 

horizontal  synchronization,  either  auto- 
matically controlled,  or  line  by  line 

control  for  video  tap  transfers,  a  selec- 
tor switch  to  reverse  picture  polarity 

for  direct  positive  films,  and  a  retrace 
blanking  generator  that  provides  inde- 

pendently adjustable  horizontal  and 
vertical  blanking  pulses.  Dubbing  can 
be  accomplished  through  microphone 
inputs  capable  of  mixing.  Constant  sig- 

nal levels  are  provided  over  a  wide 
range  of  input  levels  with  an  adjustable 
AGC  amplifier. 

Circle  No.  228  on  Subscriber  Service  Card 
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How  to  verify  this  Equality: 

When  a  major  electronic  system  is  designed,  the  overall  configuration  should 

he  so  structured  that  it  provides  a  far  greater  capability  than  the  simple  sum 
of  the  capabilities  of  all  its  subsystems. 

To  realize  this  goal,  however,  requires  a  maximum  effort  in  design  optimization 
at  all  interfaces. 

General  Precision's  Aerospace  Systems  Division  is  uniquely  equipped  to 
achieve  this  new  order  of  technological  performance.  Systems  Analysts  and 

Program  Managers  at  the  Division  can  draw  upon  an  unusual  body  of  knowl- 
edge. This  encompasses  broad  experience  with  subsystem  and  component  inter- 

actions in  varied  relationships  and  reliable  methods  of  utilizing  the  full 

potential  of  recent  state-of-the-art  advances.  (  This  knowledge  is  the  outgrowth 
of  25  vears  of  developing  and  producing  advanced  guidance,  navigation  and 
control  equipments,  components  and  systems,  within  the  General  Precision 
corporate  complex.  I 

AN  IMPORTANT  PROGRAM  IN  THE  SYSTEMS  DIVISION - 
MMRBM 

The  Systems  Division  is  engaged  in  a  major  new  program  to  provide  stellar 
inertial  guidance  for  MMRBM.  the  Mobile  Mid  Range  Ballistic  Missile.  Other 
efforts  are  currently  concentrated  in  the  following  areas:  Guidance  and  Control 

Systems  for  Missiles  and  Space  Vehicles:  Aerospace  Ground  Support  Equip- 
ment Systems;  Aerospace  Tracking  and  Detection  Systems;  Airborne  Com- 
mand and  Control  Systems.  These  activities  will  entail  substantial  staff  increases 

—  within  the  next  three  months.  an  equal  opportunity  employer 

Write  in  professional  confidence  to  Mr.  Paul  Kull 

YOUR  INQUIRIES  ARE  INVITED  REGARDING 
SENIOR  &  INTERMEDIATE  POSITIONS  FOR: 

PROJECT  MANAGER...  AEROSPACE 
GROUND  EQUIPMENT.  Direct  technical development  of  electronic  ground  equipment 
to  support  airborne  inertial  system.  Requires 
BSEE  and  6-10  years  test  and  evaluation experience.  ALSO  OPENING  FOR  PROJECT 
ENGINEER  WITH  3-6  YEARS  EXPERIENCE. 
SYSTEM  ENGINEERS...  GUIDANCE  & 
CONTROL.  Positions  at  senior  and  inter- mediate levels  for  synthesis,  anlaysis  and 
design  of  sophisticated  and  advanced  digi- tal, stellar  inertial  guidance  and  control  sys- 

tems. Requires  BSEE,  3-8  years  experience. 
MISSILE  OPERATIONS  ENGINEER... 
LAND  &  MARINE  INERTIAL  SYSTEMS. 
Define  guidance  and  control,  as  well  as  over- all operational  requirements  of  advanced 
missile  weapons  system.  Will  evaluate  es- tablished land  and  sea  navigation  systems, 
performance  data  and  create  interface  speci- fications for  missile-borne  stellar  inertial 
systems.  Most  desired  experience  would 
combine  detailed  knowledge  of  inertial  sys- tems theory  and  field  operational  experience 
with  such  weapons  systems  as  ATLAS, 
MINUTEMAN,  POLARIS,  etc.  Additional  mili- tary experience  helpful. 
PROJECT  MANAGER . .  .  ANALOG  CIR- 

CUITS. Organize  and  direct  engineering staff  involved  in  R&D  of  servo  amplifiers, 
resolver  buffer  amplifiers,  operational  am- plifiers, electronic  integrators,  regulated 
power  supplies  and  oscillators. 
SENIOR  PROJECT  ENGINEER... 
ANALOG  COMPUTERS.  Assume  project 
responsibility  for  D&D  of  advanced  airborne 
navigational  computers,  including  inertial 
doppler  and  air  data  types.  Requires  BSEE 
or  ME  with  experience  in  servomechanisms, error  analysis  and  stability  criteria. 
Additional  Engineering  Opportunities  for: 
Engineering  Flight  Test  •  Space  Vehicle Structures  •  Reliability  •  Gyrodynamics  R&D •  Microelectronics  R&D 

[pLMl©0©0(o)Rfl 

KEARFOTT  DIVISION 
SYSTEMS  DIVISION 
RESEARCH  CENTER 

DEPT.  2A,  1150  McBRIDE  AVENUE,  LITTLE  FALLS,  NEW  JERSEY 
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OUCH. 

Vibrations  in  the  "high-Q"  region  have  caused  this  astronaut 
to  lose  control  of  his  space  craft  —  an  abort  is  certain.  He 
will  have  a  cup  of  coffee  before  his  next  flight.  ■  Hazards  of 
space  flight  are  regularly  duplicated  in  the  moving-base 
manned  aerospace-flight  simulator  at  the  Vought  Astronautics 
SPACE  ON  EARTH  Center .  .  .  with  realism  right  down  to  the 

bone-shaking  vibrations  which  wring  an  involuntary  "Ouch" 
from  test  pilots.  ■  The  flexibility  of  the  Vought  simulator 
equipment  permits  it  to  mimic  a  wide  variety  of  air  and  space 
craft  with  minimum  modification,  so  that  valuable  information 

for  America's  space  program  is  gathered  without  risk  to  human 
life  or  expensive  equipment.  ■  Beyond  simulation,  Vought 
Astronautics  is  at  work  on  many  space  projects  from  orbital 
rendezvous  to  fuel  tanks  for  Saturn  and  NASA's  Scout  rocket 
system.  Write  today  for  the  complete  story  of  the  concept-to- 
countdown  capabilities  of  the  Vought  Astronautics  Division. 

_______  ASTRONAUTICS  DIVISION 

fL-Jn r'xvr    CHANCE  VOUGHT  corp. A  DIVISION  OF  LING -TEMCO -VOUGHT,  INC. 
POST  OfFICe   BOX  «2«7  DALLAS   12.  TEXAS 

Crystal  Filter 
A  symmetrical  bandpass  crystal  fil- 
ter operating  at  100  kc,  with  a  3-dh 

bandwidth  of  30  cps  minimum  and  a 
60-db  bandwidth  of  180  cps  maximum, 
has  been  developed  by  Systems  Inc.  De- 

signed for  use  as  a  pilot  filter  in  single 
sideband  communications  receivers. 
Model  BP-100-030A,  provides  two  out- 

puts whose  relative  phase  varies  by  90 
degrees  over  the  passband.  When  used 
with  a  suitable  phase  detector,  the  unit 
can  be  employed  as  a  narrow-band 
frequency  discriminator  for  automatic 
frequency  control  applications.  Inser- 

tion loss  is  5  db  maximum  with  input 
and  output  impedance  of  50  k  ohms. 

Circle  No.  229  on  Subscriber  Service  Cord 

Vibration  Testing 

A  series  of  instruments  for  vibration 
excitation,  inspection  and  control  has 
been  developed  by  Dawe  Instrument 

Co. Vibration  testing  has  two  main 
objectives — to  locate  and  investigate  the 
source  of  vibration  and  to  aid  the 
design  of  components,  assemblies,  and 
instruments  to  withstand  the  higher 
vibration  levels.  The  Dawe  Instrument 

Co.  setup  comprises  three  main  instru- 
ments— the  Type  444  automatic  sweep 

oscillator,  Type  1208  varyphase  strobe 
unit  and  the  Type  1437  vibration  con- 

trol  amplifier.   The   automatic  sweep 

oscillator  provides  vibration  excitation 
over  a  range  of  5c/ s  to  5kc/s,  with 
facilities  for  sweeping  any  desired  part 
of  this  frequency  range  at  six  sweep 
rates  of  0.2  to  10  octaves  per  minute. 

Circle  No.  230  on  Subscriber  Service  Card 

Zone-Refining  Furnace 
Gradient  Instruments,  Inc.  has 

available  a  zone-refining  furnace  for 
refining,  leveling,  horizontal  bridge- 
man  growth,  compounding  materials 
and  segregation  studies.  The  Model 
RL-4  will  provide  zone-travel  speeds 
of  between  1  mm  and  20  cm  per  hour, 
and  is  equipped  with  adjustable  limit 
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switches  to  control  rapid  return  and 
automatic  cycling.  The  unit  is  normally 
used  with  2-in. -diameter  quartz  or 
Vycor  tube  and  will  handle  boats  up 
to  30-in.  long.  Provision  is  made  for 
RF  heating  and  an  RF  coil  and  air 
cooling  are  available. 

T=
J~
 

The  heater  supplied  is  resistance 
type  usuable  to  1200°  C  and  is  wound 
for  220  vac.  Two  adjustable  limit 
switches  are  provided  to  allow  the  zone 
to  cycle  between  preset  limits.  An 
automatic  counter  records  the  number 
of  complete  passes. 

Circle  No.  231  on  Subscriber  Service  Card 

Electric  Power  Plant 

A  diesel-driven  mobile  electric 
power  plant  has  been  developed  by 
Sun  Electric  Corp.  The  Model  MGS-6 
contains  a  400-cycle  ac  generator 
capable  of  producing  90  KVA  at 
115/200  v,  3  phase,  and  a  rectified  28 
volts  dc  at  750  amps  (1000  amps 
intermittent). 

The  unit's  specifications  are:  voltage 
regulation  ±1  c,  transient  voltage  25% 
(dip  or  rise);  transient  recovery  0.25 
seconds;  harmonic  content  2%,  voltage 
modulation  0.25%;  frequency  regula- 

tion  ±1%,  voltage   regulation  +0.5 

volts;  ripple  voltage  2%,  current  limit- 
ing 950  to  1100  amps  or  650  to  750 

amps;  frequency  transient  recovery  0.4 
seconds  (to  within  ±2%  of  steady 
state)  or  1.0  second  (to  within  ±1% 
of  steady  state). 

Circle  No.  232  on  Subscriber  Service  Card 

Laboratory  Dialysis  Device 

The  stackpack,  a  bench-style,  turn- 
key plant  for  laboratory  evaluations 

of  electrodialysis  applications  in  space 

missiles  and  rockets,  October  15,  1962 

ARNOUX'S  SERIES  TDS  300  - 

PROVEN 

RELIABILITY  IN 

TELEMETRY 

DECOM  MUTATORS 

■  Arnoux's  PAM,  PDM,  PAM/NRZ  Series 
TDS  300  decommutator  offers  improved  re- 

liability, improved  packaging  design,  and 
greater  operating  ease  through  less-critical 
adjustments.  Arnoux  decoms  are  widely  used 
and  known  around  the  world.  Arnoux's  telem- 

etry instrumentation  and  components  are 
backed  by  an  established,  solid  reputation  of 
leadership  in  decommutation-equipment  de- 

sign and  manufacture.  E  The  TDS  300  fea- 
tures an  input  of  from  0.5  to  60  v  peak-to- 

peak  .  .  .  switch-selected,  standard  I  RIG  pulse 
rates;  optional  nonstandard  PAM,  PDM, 
PAM/NRZ  pulse  rates  from  5  to  3600  pps  .  .  . 
automatic  compensation  for  commutation- 
rate  change  of  up  to  40  percent;  manual 
compensation  up  to  80  percent . . .  unaffected 
by  SCO  dc-level  shift  and  discriminator-fre- 

quency zero  shift  without  use  of  servo  (within 
limits  of  discriminator  pass  band)  .  .  .  output- 
signal  slope-off  of  0.00005  percent/msec  of 
frame  (for  5  to  3600  pps)  .  .  .  accessory 
electronic  gain  and  zero  servo  provides  es- 

sentially drift-free  operation.  ■  Shown  below: 
an  Arnoux,  completely-assembled,  17-rack, 
telemetry  data-acquisition  station  at  a  major 
installation.  Five  TDS  300's  are  included,  as 
well  as  receivers,  discriminators,  tape  record- 

ers, pen  recorders,  galvanometers,  and  test 
equipment. 
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ARNOUX  CORPORAflO 
(a  subsidiary  of  The  Electrada  Corporation) 
11244  Playa  Street,  Culver  City,  California 
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OPPORTUNITIES 

IN  DENVER 

The  USAF  TITAN  II  ICBM 
program  and  other  advanced 

concepts  in  the  missile 
and  rocket  booster  fields  have 

created  immediate  career 
opportunities  in: 

•  AERODYNAMICS 
•  GUIDANCE  &  CONTROL 

•  PROPULSION 

Appropriate  engineering  degree 
plus  experience  required. 

Send  resume  in  confidence  to: 
F.  A.  McGregor,  Mail  No.  A-64 

P.O.  Box  179  0,  Denver  1,  Colorado 
An  equal  opportunity  employer 

technology,  is  now  available  from 
Ionics,  Inc. 

The  stackpack  is  comprised  of  a 
"stack"  with  9-in.  x  10-in.  ion-exchange 
membranes  and  electrodes  as  well  as  a 
rectified  power  supply,  tanks,  instru- 

ments, pumps  and  plumbing — all  pre- 
mounted  to  permit  "plug-in"  startup. 

It  may  be  used  to  obtain  all  neces- 
sary data  for  process  design  and  cost 

projections;  e.g.,  electrical  and  mem- 
brane-area requirements  may  be  com- 

puted by  analyzing  the  interrelated 
effects  of  change  in  feed  composition, 
flow  rates,  current  density,  etc. 

Circle  No.  233  on  Subscriber  Service  Card 

Refractory  Metal  Tubing 

The  complete  line  of  high-purity 
high-density  molecular-formed  tungsten 
and  rhenium  seamless  tubing  is  avail- 

able from  San  Fernando  Labs.  This 
tubing  has  a  chemical  purity  in  excess 
of  99.9%  and  density  in  excess  of 
99.5%  of  theoretical  maximum.  Regu- 

lar tubing  is  available  in  seven  standard 
O.D.  sizes  from  1/16  in.  to  1  in.,  and 
wall  thickness  from  0.010  in.  to  0.060 
in.,  with  lengths  to  12  in.  Capillary 
tubing  is  available  in  four  standard  sizes 
from  0.05mm  bore,  and  wall  thicknesses 
from  0.10mm  to  0.50mm  with  lengths 
to  10cm. 

Circle  No.  234  on  Subscriber  Service  Card 

Ultrasensitive  Relay 

A  microminiature  relay  with  welded 
header  construction  is  available  from 
Babcock  Relays,  a  division  of  Babcock 
Electronics,  Corp.  The  precision  BR-13 
is  sealed  by  an  automatic  Heliarc  weld- 

ing process,  providing  a  controlled  bead 
at  the  header-case  junction.  Since  the 
customary  use  of  solder  is  avoided, 
there  is  no  possibility  of  introducing 
flux  contaminants  in  the  sealing  process. 

As  a  further  safeguard  against  con- 
tamination, the  BR-13  employs  a  Vycor 

activated  getter.  Functioning  as  an  ab- 
sorptive agent,  the  getter  is  capable  of 

eliminating  contact  fouling  by  absorbing 
up  to  99%  of  organic  contaminants  re- 

maining after  production  degassing.  The 
unit  is  designed  for  dry  circuit  to  3-amp 
operation,  and  meets  MIL-R-5757D. 
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Fast  Framing  Camera 

A  high-speed  synchronized  fram- 
ing camera  has  been  developed  by 

Beckman  &  Whitley,  Inc.  Model  1 89A 
records  25  high-resolution,  35mm 
pictures  at  rates  from  48,000  to  4,080,- 
000  frames  per  second,  and  is  designed 
for  use  in  the  study  of  such  ultra  high- 

speed phenomena  as  lasers,  plasmas, 

hypervelocity  impact,  cavitation,  nucle- ation,  dynamic  stress  propagation, 
detonations,  shock  and  vibrations. 

The  standard  turbine  for  Model 
189A  is  self-lubricating  and  operates 
at  speeds  from  200  to  5000  rps  for 
recording  rates  from  48,000  to  1,200,- 
000  frames  per  second.  Two  other  tur- bines are  also  available  for  this  camera: 
a    10,000-rps    turbine    for  recording 

rates  from  120,000  to  2,400,000  frames 
per  second  and  a  17,000-rps  turbine 
for  recording  rates  from  240,000  to 
4,080,000  frames  per  second.  Record- 

ing rate  accuracy  between  frames  is 
within  0.01%. 
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SYSTEMS 
ENGINEERS 

SPACECRAFT  SYSTEMS 
DESIGN  STUDIES 

To  initiate  and  develop,  for  un- 
manned lunar  and  interplanetary  pro- 

grams, initial  design  criteria,  mission 
requirements,  advanced  capability 
studies  and  direction  of  the  systems 

preliminary  design  efforts.  Direc- 
tion and  management  of  preliminary 

design  contracts  with  industry.  BS 
or  MS  in  EE,  ME  or  AE  with  broad 
experience  and  abilities  in  systems. 

Send  complete  resume  to 
PERSONNEL  DEPT. 

JET  PROPULSION 
LABORATORY 

CALIFORNIA  INSTITUTE  OF  TECHNOLOGY 
4808  OAK  GROVE  DR.  •  PASADENA,  CALIF. 

"An  equal  opportunity  employer" 
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names  in  the  news- 

E.  J.  Flannery:  Appointed  chief  engi- 
neer of  the  Vap-Air  Div.  of  Vapor  Corp., 

Chicago. 

Louis  B.  Horowitz:  Named  manager  of 
the  Systems  Div.  of  Beckman  Instruments, 
Inc.,  Fullerton,  Calif.  Robert  J.  Baumann 
named  manager  of  the  Spinco  Div..  Palo 
Alto,  Calif. 

Edward  Moon:  Appointed  supervisor, 
quality  control  staff  for  the  St.  Petersburg, 
Fla.  division  of  Electronic  Communica- 

tions, Inc. 

Harry  W.  Scudlo:  Named  manager  of 
manufacturing  for  Standard  Products  Inc., 
Wichita,  Kans. 

A.  L.  Bethel:  Appointed  manager  of  the 
new  systems  department  of  the  Westing- 
house  Astronuclear  Laboratory,  Large,  Pa. 

E.  R.  Perry:  President  and  director  of 
the  National  Vulcanized  Fibre  Co.,  Wil- 

mington, Del.,  elected  president  of  the 
National  Electrical  Manufacturers  Assn. 

Andrew  Williams:  Named  cost  reduc- 
tion manager  for  Apollo  at  Lockheed  Pro- 

pulsion Co.,  Redlands,  Calif. 

Robert  B.  Phinizy:  Promoted  to  presi- 
dent and  manager  of  the  Western  Div.  of 

IMC  Magnetics  Corp.,  Maywood,  Calif. 

Charles  H.  Carter,  Jr.:  Named  general 
manager  of  Atlas  Chemical  Industries, 
Inc.'s  Aerospace  Components  Div.,  Tama- qua.  Pa. 

Alessio  Mezzina:  Appointed  director  of 
physical  and  electronic  research  for  Lee- 
sona  Moos  Laboratories  division  of  Lee- 
sona  Corp.,  Jamaica,  N.Y. 

William  I.  L.  Wu:  Appointed  director 
of  research  and  development  at  Singer 
Metrics  Div.  of  the  Singer  Manufacturing 
Co..  Bridgeport,  Conn. 

Lawrence  Miller:  Appointed  manager 
of  government  relations  at  Philips  Labora- 

tories Div.  of  North  American  Philips  Co., 
Inc.,  Irvington-on-Hudson,  N.J. 

Harry  H.  Wetzel:  Appointed  executive 
vice  president  of  the  Garrett  Corp.,  Los 
Angeles. 

Dr.  James  E.  Storer:  Appointed  direc- 
tor of  the  Applied  Research  Laboratory  of 

Sylvania  Electronic  Systems  Div.  of  Syl- 
vania  Electric  Products,  Inc..  Waltham, 
Mass. 

Capt.  William  C.  Fortune,  USN: 
Named  project  manager  of  the  NASA 
Marshall  Space  Flight  Center's  Mississippi Test  Facility. 

Kenneth  J.  Carlson:  Appointed  vice 
president  and  general  manager  of  Micro- 
lab.  Livingston,  N.J. 

(Continued  on  page  46) 

Can  You  Win  in  Three  Moves? 

Of  course  you  can!  The  logic  processes  aren't  too  complicated.  But  if 
you  have  a  really  complex  instrumentation  problem,  look  at  the  devel- 

opment of  the  new  500  Series  printed  circuit  plug-in  modules.  These 
solid  state  building  blocks  allow  Vitro  to  deliver  custom-designed 
land-based  and  ship-borne  instrumentation  on  almost  off-the-shelf 
time  scales.  These  field-proven  circuits  insure  the  highest  standards 
of  performance  and  reliability  in  timing  systems,  radar  data  transmis- 

sion systems,  tape  search  equipment,  camera  control  equipment,  ECM 
evaluation  systems,  and  a  variety  of  related  instrumentation.  Let  Vitro 
bid  on  your  data  handling  systems.  For  complete  information  write  or 
call  the  New  Projects  Manager,  Vitro  Laboratories,  200  Pleasant  Valley 
Way,  West  Orange,  New  Jersey,  [area  code  201)  REdwood  1-3400. 

i/ffrir 

VITRO   LABORATORIES   IS  A  DIVISION   OF  VITRO  CORPORATION   OF  AMERICA 
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november  26  MISSILES  &  ROCKETS  SECOND  ANNUAL  NASA  ISSUE 

During  the  months  following  November,  the  National  Aeronautics  and  Space  Administration  will 

make  final  procurement  and  development  decisions  on  many  major  programs:  Aeros / Advanced 

Relay/Nova  Super  Booster/ Advanced  Syncom/Lunar  Logistics  Supply  Vehicle/Lunar  Exploration 

Module  for  the  Apollo  Spacecraft.  Each  program  means  millions  of  dollars  to  be  spent  in  the  missile/ 

space  industry. 

M/R's  editorial  task  force  will  visit  NASA  headquarters  and  each  field  center  to  gather  in-depth 

information  on  the  space  agency's  present  and  future  programs /budget  breakdowns  and  projections/ 
future  contracting  procedures / development  and  launch  schedules/new  technical  requirements / prime 

and  sub-contracting  opportunities. 

Advertisers  in  this  issue  will  benefit  from  systems-oriented  editorial  coverage  of  all  NASA's  program 
and  project  developments  .  .  .  4-0,106  current  paid  circulation  .  .  .  1000  bonus  circulation  to  key 

NASA  personnel  .  .  .  readership  by  the  NASA  executives  making  the  procurement  decisions. 

Buy  proven  performance.  NASA  purchased  60,000  reprints  of  M/R's  highly- 
successful  first  NASA  issue,  published  in  November,  1961 

Advertising  closing  date:  november  5,  1962 

issue  date:  november  26,  1962 
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SYSTEMS  PROGRESS 

Recorders 

of  proven  performance 

for  space  vehicles 
Paralleling  the  significant  successes  of  many 
recent  space  vehicles  is  the  high  quality 
orbital  and  probe  data  obtained  with 
Raymond  engineered  miniature  low  power 
magnetic  tape  recorders.  For  further  in- 

formation, write  to  the  Raymond  Engi- 
neering Laboratory,  Inc.,  Middletown, Connecticut. 

C\lT'S  RIGHT .  .  WHEN  IT'S  | 

CLumond 

ENGINEERED 

names  in th e  news 
(Continued  from  page  43) 

Stuart  E.  Arnett:  Appointed  director  of 
marketing  for  ITT  Industrial  Laboratories 
Div.  of  International  Telephone  and  Tele- 

graph Corp.,  Fort  Wayne,  Ind. 

Roswell  M.  Huff:  Appointed  western 
regional  sales  manager  of  the  Defense  and 
Industrial  Div.  of  Otis  Elevator  Co.,  Santa 
Ana,  Calif. 

Frederick  W.  Hesse,  Jr.:  Appointed 
vice  president  for  corporate  operations  at 
Thompson  Ramo  Wooldridge's  Space Technology  Laboratories,  Redondo  Beach, 
Calif. 

Dr.  Hal  Ellis:  Appointed  manager  of 
Marquardt  Corp.'s  reliability  and  product 
integrity  dept.,  Power  Systems  Div.,  Van 
Nuys,  Calif. 

Dr.  James  Reekie:  Formerly  with  Ples- 
sey  Co.,  joined  Bell  &  Howell  research 
center,  Pasadena,  Calif.,  as  director  of 
physics  research. 

K.  E.  Neudoerffer:  Appointed  manager 
of  Lockheed  Aircraft  Service  Co.,  Ontario, 
Calif. 

M.  E.  Harrison:  Named  director  of 
engineering  of  Bourns,  Inc.,  Trimpot  Div.. 
Riverside,  Calif. 

Dr.  C.  H.  Sutcliffe:  Appointed  director 
of  engineering  for  Philco  Corp.'s  Lansdale Div.,  Lansdale,  Calif. 

Jack  B.  Ilippkr:  Appointed  manager 
of  aerospace  development  sales  of  Lock- 

heed-Georgia Co.,  Marietta,  Ga. 

Cornelius  P.  McNamara:  Appointed 
vice  president  of  the  Emerson  Research 
Laboratories  Div.  of  Emertron,  Inc.,  Silver 
Spring.  Md. 

Dr.  Werner  R.  Kircbner:  Polaris  mis- 
sile pioneer  appointed  a  vice  president  of 

Aerojet-General,  Sacramento,  Calif.,  and 
assistant  manager  of  the  Liquid  Rocket 
Plant. 

Stephen  P.  Dillon:  Appointed  manager 
of  major  subcontracts  for  Douglas  Air- 

craft Co.'s  Missile  &  Space  Systems  Div., Santa  Monica,  Calif. 

Ronald  S.  Gall:  Assistant  to  the  presi- 
dent and  corporate  director  of  public  rela- 

tions of  Curtiss-Wright  Corp.,  Wood- 
Ridge,  N.J.,  presented  with  a  citation  from 
Aviation/ Space  Writers  Assn.  for  his  many 
contributions  toward  raising  the  standards 
of  public  relations  in  the  aviation/space industry. 

Henry  B.  Ahlberg:  Named  assistant  to 
the  president  of  Commercial  Filters  Corp., 
Melrose,  Mass. 

Jack  Shaver:  Appointed  manager  of 
international  programs  at  Douglas  Missile 
&  Space  Systems  Div.,  Santa  Monica,  Calif. 

INSTRUCTIONS  FOR 
SATELLITES 

One  of  CSC's  space  support  systems,  pro- 
duced for  NASA's  Goddard  Space  Flight 

Center,  is  the  Minitrack  Digital  Command 
Console. 
Installed  at  13  NASA  tracking  stations 
around  the  world,  this  system  is  part  of 
the  complex  of  electronic  equipment  used 
to  track  and  acquire  data  from  earth- 
orbiting  satellites.  The  console  generates 
digital  and  tone  commands  which  are 
relayed  by  transmitters  to  the  satellites. 
Thirty  tone  frequencies  or  90  digital  com- 

mands are  available,  selected  manually  by 
switches  or  programmed  automatically 
from  five-level  punched  paper  tape. 
This  is  one  example  of  CSC  activities  in 
space  sciences  and  support  systems. 
Many  other  custom-engineered  systems 
have  been  developed  in  the  areas  of  ana- 

log and  digital  data  handling,  electro- 
optical  instrumentation,  environmental 
testing  and  industrial  control.  For  details 
on  how  this  experience  can  be  useful  in 
solving  your  systems  problems,  call  our, 
regional  engineering  office  or  write: 

consolidated! 

CORPORATION 
1500  So.  Shamrock  Ave.  •  Monrovia,  California 
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contracts  and  procurements 

AWARDS 

AIR  FORCE 

$122,831,000— Boeing  Co.,  Seattle,  for  continued 
work  on  the  Minuteman  missile  program  (2 
contracts) . 

$23,655,000— Martin  Marietta  Corp.,  New  York 
City,  for  follow-on  work  on  the  Titan  II  mis- 

sile (supplemental  contract).  Work  to  be  done 
at  Denver. 

$7,860,000— Martin  Marietta  Corp.,  New  York City,  for  work  on  test  and  activation  of  a 
Titan  II  training  force  at  Vandenberg  AFB 
(supplemental  contract) . 

$5,970,000— Martin  Marietta  Corp.,  New  York 
City,  for  research  and  development  for  the 
Titan  II  weapon  system.  Work  to  be  done  at 
Denver,  Baltimore  and  Cape  Canaveral. 

$5,750,000— Lockheed  Aircraft  Corp.,  Sunnyvale, Calif.,  for  additional  work  on  Agena  space 
programs. 

$5,191,371 — Boeing  Co.,  Seattle,  for  spare  parts for  Minuteman  missile  ground  equipment. 
$5,051,000 — Avco  Corp.,  New  York  City,  for  work 

on  Mark  II  re-entry  vehicle  and  related  equip- 
ment. Work  to  be  done  at  Wilmington,  Del. 

$5,049,000 — Avco  Corp.,  New  York  City,  for  work 
on  Mark  V  re-entry  vehicle  and  related  equip- ment. Work  to  be  done  at  Stratford,  Conn. 

$2,000,000— Philco  Corp.,  Philadelphia,  for  work 
on  control  subsystems  for  space  programs. 
Work  to  be  done  at  Palo  Alto,  Calif. 

$2,000,000— Radio  Corp.  of  America,  Burlington, 
Mass.,  for  further  work  on  final-stage  vehicles 
for  space  programs. 

$1,500,000— Douglas  Aircraft  Co.,  Inc.,  Santa 
Monica,  Calif.,  for  provision  of  a  fuze  capa- 

bility for  an  air-to-air  rocket  (supplemental contract). 

$1,000,000— Avco  Corp.,  New  York  City,  for 
work  on  Mark  V  re-entry  vehicle.  Work  to  be 
done  at  Wilmington,  Mass. 

Ford  Motor  Co.'s  Aeronutronic  Div.,  Newport Beach,  Calif.,  for  a  study  to  help  bring  infor- 
mation display  techniques  into  line  with  cur- 

rent high-speed  communicating  computer  and 
electronic  technologies  (undisclosed  amount). 

ARMY 

$50,000,000— Douglas  Aircraft  Co.'s  .Missile  & Space  Systems  Div.,  Santa  Monica,  Calif.,  for 
continued  research  and  development  of  the 
Nike-Zeus  missile. 

$18,662,500 — Bendix  Corp.'s  Eclipse  Pioneer  Div., Teterboro,  N.  J.,  for  guidance  and  control 
systems  for  the  Pershing  missile. 

$12,107,326— Western  Electric  Co.,  New  York 
City,  for  engineering  services  for  the  Nike- 
Hercules  missile  system. 

$9,001,357— Sperry  Rand  Corp.'s  Sperry  Utah 
Div.,  Salt  Lake  City,  Utah,  for  engineering 
services  on  the  Sergeant  missile  system. 

$6,117,887 — Bendix  Corp.'s  EcUpse  Pioneer  Div., Teterboro,  N.  J.,  for  engineering  services  for 
Pershing  missile  guidance  and  control  com- 
ponents. 

$1,900,000— Melpar,  Inc.,  Falls  Church,  Va.,  for a  feasibility  study  for  a  forward  area  intelli- 
gence substation  (ELINT). 

NAVY 

$10,800,000— Vitro  Corp.  of  America's  Vitro  Lab, Silver  Spring,  Md.,  for  continued  systems  co- 
ordination engineering  work  on  Polaris  fleet 

ballistic  missile  system. 
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$10,560,960 — General  Electric  Co.,  Schenectady, 
N.  Y.,  for  research  and  development  work  on 
nuclear  propulsion  plants  for  Navy  ships. 

$4,131,000— General  Electric  Co.,  Cincinnati,  for 
work  on  Polaris  missile  fire  control  systems 
and  guidance  equipment. 

NASA 

$566.574 — Ross  Corp.,  New  Orleans,  La.,  for 
building  the  foundation  of  a  vertical  assembly, 
hydrostatic  test  and  cleaning  facility  which 
will  be  used  in  the  Saturn  C-5  booster  program. 

$300,321 — Martin  Marietta  Corp.,  Denver,  for 
conducting  a  Nova  launch  facilities  study. 

$225,000 — Tenney  Engineering,  Inc.,  Union,  N.  J., 
for  a  space  facility  for  simulating  a  trip  to 
Mars,  Venus  and  back  to  Earth  for  the  Saturn 
program.  Facility  will  be  installed  at  the 
George  C.  Marshall  Space  Flight  Center. 

$148,750 — Microdot,  Inc.,  South  Pasadena,  Calif., 
for  90  channel  temperature  systems  for  use 
in  research  and  development  of  the  Apollo 
spacecraft. 

INDUSTRY 

$1,750,000— Albert  C.  Martin  &  Associates,  Los 
Angeles,   from    Lockheed-California    Co.,  to 
plan,  design  and  engineer  a  new  laboratory 
to  house  vehicle  systems  and  structures  devel- 

opment activities. 

SCIENTISTS  and  ENGINEERS 

Increased  activity  in  all  current  Ion  Physics  Corporation 
programs,  both  government  and  company  sponsored,  re- 

quires an  expansion  of  our  scientific  staff.  Those  capable 
of  contributing  to  advances  in  ion  physics,  space  system 
design  and  integration,  advanced  power  conversion  system 
design,  environmental  simulation  problems,  and  related 
solid-state  techniques  are  cordially  invited  to  consider  join- 

ing ION  PHYSICS  CORPORATION  (a  subsidiary  of  High 
Voltage  Engineering  Corporation),  Burlington,  Mass. 

ION  BEAM  DEVICES- 
PLASMA  PHYSICS 

Physicists  and  Engineers  with  theoretical/experimental  ex- 
perience in  the  fields  of  plasma,  atomic  beam  or  nuclear 

physics  and  advanced  power  systems  are  sought  for  R  &  D 
programs  involving  charged  or  neutral  beam  production 
and  propagation  at  high  energies  and  current  densities. 

ELECTROSTATICS- 
POWER  CONVERSION 

Experimental  Physicists  or  Engineers  are  required  who  have 
an  interest  in  the  investigation  of  power  systems  for  space. 
Main  areas  of  study  are  high  charge  density  electrets, 
thermionic,  and  electrostatic  power  generation. 

SOLID  STATE  ELECTRONICS 

Scientists  required  to  study  formation  of  solid  state  devices 
and  integrated  microcircuitry  using  ion  implantation  and 
plasma  technques.  Major  areas  are  development  of  solar 
cells  and  monocrystalline  thin  film  active  elements.  Initial 
investigations  on  solid  state  radiation  detectors  are  currently 
being  conducted. 

For  a  confidential  discussion  of  our  current  openings,  please write: 
Louis  J.  Ennis 
P.O.  Box  98 
Burlington,  Massachusetts 

(jpjpa™?^      IOIV  PHYSICS  CORPORATION (formerly  Goodrich-High  Voltage  Astronautics) A  SUBSIDIARY  OF  HIGH  VOLTAGE  ENGINEERING  CORPORATION BURLINGTON,  MASSACHUSETTS 
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$1,700,000— Jordan  Electronics  Div.  of  Vic  tore  en 
Instrument  Co.,  Alhambra,  Calif,,  from  Sperry 
Utah  Co.,  for  continuation  of  the  manufacture 
of  the  guidance  power  supply  for  the  Sergeant missile. 

$382,000— Kinetics  Corp.,  Solana  Beach,  Calif, 
from   Martin   Co.'s  Space   Systems  Div.,  for 
delivery  of  motor-driven  switches  to  be  used 
on  the  Gemini  spacecraft. 

$362,000 — Rocket  Power,  Inc.,  Mesa.  Ariz.,  from McDonnell  Aircraft  Corp.,  for  work  on  the 
Gemini  rocket  catapult  escape  system. 

$254,000 — Rosemount  Engineering  Co.,  Minne- 
apolis,  from   McDonnell   Aircraft   Corp.,  for 

temperature  sensors  to  be  used  in  the  Gemini 
program. 

$67,000 — Engelhard  Industries,  Inc.,  Newark,  N.  J., 
from  Boeing  Co.,  for  high-temperature  thermo- 

couple sensors  for  the  X-20  Dyna-Soar  pro- 
gram. 

Kelvin  Electric  Co.,  Van  Nuys,  Calif.,  from  In- 
ternational Business  Machines  Corp.,  for  quan- 

tities of  high-reliability  precision  wire-wound 
resistors  to  be  used  in  Project  Gemini  (undis- closed amount). 

REQUESTS  FOR  BIDS 

GENERAL  PROCUREMENTS 

U.  S.  Army  Engineer  District 
Corps  of  Engineers 
Federal  &  Courts  BIdg. 
650  Capitol  Ave. 
Sacramento,  Calif. 
Nike-Hercules  improvement  kit  of  87  C,  San 

Francisco  Defense  Area,  (construction  of  con- 
crete   radar-radome    foundations,    direct  burial 

electrical  cable  and  bituminous  paving).  Job — 
IFB  ENG-04-167-63-21.  Bid  opening  10-24-62. 
$1.00  per  set. 

Corps  of  Engineers Ballistic  Missile  Construction  Office 
Torrance,  Calif. 
Construction  of  strategic  missile  support  base 

facilities.  Proof  load  test  facility,  Ellsworth  AFB, 
S.  D.,  consists  of  a  concrete  pit  with  hydraulic 
cylinders  for  proof-load  testing  the  transporter- 
erector,  the  operational  launcher-elevator  and work  cage,  and  other  maintenance  vehicles  of 
the  Minuteman  weapon  system.  Access  roads  and 
utilities  required  to  make  this  facility  usable. 
Job — IFB  ENG-04-548-63-7-B.  Tentative  bid  open- 

ing 11-1-62.  Plans  and  specs  may  be  obtained  by 
request  to  the  District  Engineer,  U.  S.  Army 
Engineer  District,  Los  Angeles,  P.  O.  Box  17277, 
Foy  Station.  Los  Angeles,  Calif.  Set  of  plans 
and  specs  will  be  furnished  upon  receipt  of  a 
check  or  money  order  in  the  amount  of  $2.00 
(nonrefundable)  made  payable  to  Treasurer  of 
the  U.  S.  All  plans  and  specs  must  be  returned 
to  the  Area  Engineer,  Ellsworth  AFB.  S.  D.  Ap- 

proximate value  $75,000. 

Bureau  of  Naval  Weapons 
Washington  25,  D.  C. 
For  information  purposes  only.  The  Bureau 

of  Naval  Weapons  contemplates  award  of  a  con- 
tract to  Associated  Testing  Laboratories,  Inc., 

Wayne,  N.  J.,  for  engineering  services  for  testing 
of  Polaris  fire-control  electronic  components. 
Award  will  be  made  on  the  basis  of  the  con- 

tinuation of  a  program  previously  started  with 
the  above  firm.  This  notice  is  made  for  infor- 

mation purposes  only.  Other  proposals  cannot 
be  considered  for  the  above  procurement.  PR  No. 
SP-107I-63-I.  BuWeps  Synopsis  No.  83-63. 

For  information  purposes  only.  The  Bureau 
of  Naval  Weapons  contemplates  award  of  a  con- 

1  OFFICE  SPACE 

JUST  A  STEP 

!  AWAY... 

ACROSS  THE   STREET   FROM   NASA  —  HOUSTON 
Permanent  facilities  are  available  adjoining  the 
new  Manned  Spacecraft  Center  in  Houston.  The 
buildings  are  designed  to  accommodate  labora- 

tory, engineering,  clerical  and  administrative 
functions  with  sufficient  room  for  expansion. 
They  are  part  of  a  planned  community  of 
homes,  apartments,  shopping  and  recreation 
facilities.  Write  for  full  information. 

NASSAU  BAY 
Downtown  Office:  327  Houston  Bank  &  Trust  BIdg.,  Houston,  Texas 

tract  to  Lockheed  Aircraft  Corp.,  Sunnyvale, 
Calif.,  for  MOD  VI-A  hydraulic  packages  for 
Polaris  A3  first-stage  motors.  This  notice  is  made 
for  information  purposes  only.  Other  proposals 
cannot  be  considered  for  the  above  procurement. 
PR  No.  SP-1082-63-4.  BuWeps  Synopsis  No.  87-63. 

Directorate,  Procurement  and  Production 
Hq.,  Middlelown  Air  Material  Area Olmsted  AFB,  Pa. 
Contact  technical  services  for  re-entry  vehicle 

(GAM-87),  re-entry  vehicle  MK-6  (SM-68)  and 
re-entry  vehicle  (SM-65)  by  12  technical  reps  for 
73  man-months.  Negotiations  will  be  conducted 
with  General  Electric  Co.,  Missile  and  Space 
Vehicle  Dept.,  Philadelphia.  Inquiries  must  refer 
to  RFP  36-600-63-5419.  For  information  only. No  RFP  available. 

Hawk  Project  Office 
U.  S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
Necessary  services  to  perform  final  assembly 

and  technical  checkout  of  the  Hawk  missile — 
1624  each  with  options  for  quantities  of  202  and 
162  each.  Work  to  be  performed  at  Red  River 
Army  Depot.  Texarkana,  Texas.  Technical  know- 
how  and  specialized  experience  required  to  as- 

semble and  check  out  the  Hawk  missile  precludes 
award  to  other  than  the  prime  contractor,  Ray- 

theon Co.,  Willow  St.,  Waltham,  Mass.  All  inquir- 
ies relative  to  subcontracting  should  be  referred 

to  Raytheon  Co.  at  the  above  address. 

U.  S.  Army  Engineer  District 
Kansas  City  Corps  of  Engineers 
1800  Federal  Office  BIdg. 
Kansas  City  6,  Mo. 
Construction  of  SAC  antenna  support  struc- 

tures for  WS-107A1  operational  base  missile 
launch  complexes  near  Forbes  AFB,  Topeka, 
Kans.  Work  to  be  performed  consists  of  con- 

struction of  an  antenna  support  structure  at  each 
of  nine  sites,  which  includes  excavation  of  a 
shaft  approximately  10  ft.  wide  and  30  ft.  deep; 
installation  of  steel  liner  in  shaft;  installation 
of  government-furnished  antenna  facilities;  modi- 

fication to  existing  electrical  system  to  accommo- date antenna  facilities;  construction  of  access  road 
and  seeding.  Plans  and  specs  $3.00  per  set  non- 

refundable. Job — IFB  63-19.  Bid  opening  11-8-62. 

Procurement  and  Production 
Air  Procurement  Branch 
L.  G.  Hanscom  Field 
Bedford,  Mass. 
Chamber,  test,  environmental  with  controlled 

temperature  and  pressure  to  simulate  conditions 
of  pressure  from  1000  to  0.1  millibars  and  tem- perature from  80  degrees  to  120  degrees  or  more 
— 1  each — delivered  and  installed  at  Bedford, 
Mass.  IFB  19-628-63-52B.  Bid  opening  10-26-62. Bidders  must  not  have  less  than  2  years  of 
satisfactory  experience  as  a  supplier  of  this  equip- ment. Bids  submitted  must  be  supported  by  (A) 
outline  drawings  of  the  chamber,  the  refrigera- tion and  control  systems,  (B)  data  showing 
system  performance,  and  (C)  a  mathematical 
analysis  showing  how  the  specifications  regarding 
the  temperature  of  the  walls  will  be  met. 

Directorate,  Procurement  and  Production 
Headquarters,  Middletown  Air  Material  Area 
Olmsted  AFB,  Pa. 
Contract  technical  services  for  NT1,  test  equip- 

ment, platform,  gyro,  accelerometer,  age,  inertial 
guidance  system,  bench  maintenance,  guidance 
system,  flight  control  and  overall  weapon  system 
equipment  (GAM-77)  by  67  technical  reps  for 405  man  months.  Negotiations  will  be  conducted 
with  North  American  Aviation,  Inc.,  Downey, 
Calif.  Inquiries  must  refer  to  RFP  36-600-63-4533. For  information  only.  No  RFP  available. 
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International  Symposium  on  Space  Phe- 
nomena and  Measurement,  sponsored 

by  NASA  and  AEC,  Statler  Hilton 
Hotel,  Detroit,  Mich.,  Oct.  15-18. 

Instrument  Society  of  America's  Seven- teenth Annual  Instrument-Automation 
Conference  and  Exhibit,  New  York 
Coliseum  and  Hotel  New  Yorker,  New 
York  City,  Oct.  15-18. 
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ics, Emerson  Hotel,  Baltimore,  Oct. 22-24. 
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editorial . . . 

College  Pick:  NASA  by  Five  Points 

CONGRESS  has  perhaps  inadvertently  put  the 
Dept.  of  Defense  in  a  difficult  position  regarding 

research  grants.  The  DOD  appropriations  act  for 
Fiscal  1963  limits  indirect  costs  of  grant  research 
to  20  percent  of  the  direct  costs. 

The  Independent  Offices  appropriations  act, 
which  covers  funds  for  the  National  Aeronautics  and 
Space  Administration,  the  Space  Council  and  the 
Office  of  Science  and  Technology,  among  others, 
provides  that  such  indirect  costs  may  be  allowed  up 
to  a  figure  of  25  percent. 

This  5  percent  discrepancy  in  the  two  pieces  of 
legislation  already  is  working  to  the  disadvantage 
of  the  Defense  agencies.  Dr.  Knox  Millsaps,  execu- 

tive director  of  the  Air  Force  Office  of  Scientific 
Research,  is  seriously  concerned  about  its  effects. 

He  calls  the  limitation  a  "serious  setback  for  the 
Air  Force,"  and  notes  that  many  universities  are 
re-examining  their  DOD  grants  and  contracts  pro- 

grams in  light  of  the  restriction. 
According  to  Dr.  Millsaps,  Harvard  University 

decided  it  would  for  the  present  accept  no  new 
work  from  AFOSR.  The  University  of  Michigan  is 
among  others  which  have  been  taking  a  new  look 
at  research  for  the  Federal  government. 

What  the  discrepancy  means  is  this:  NASA  and 
other  agencies  are  in  a  more  favorable  position 
than  AFOSR  when  it  comes  to  vying  for  the  services 
of  top-level  university  researchers  and  scientists. 
A  university,  naturally,  is  more  inclined  to  seek 
grants  where  the  allowance  of  overhead  costs  is 
higher. 

DOD  does  not  require  an  advantage  over  NASA 
in  this  regard.  But  it  does  deserve  to  be  on  an  equal 
footing. 

As  a  matter  of  record,  it  apparently  was  the 
initial  intent  of  Congress  to  put  all  such  agencies 
on  the  same  basis.  The  House  bill  for  DOD  appro- 

priations at  first  provided  that  indirect  costs  paid 
on  research  grants  should  not  exceed  15  percent 
of  the  direct  costs  of  the  project.  The  Senate  bill 
contained  no  such  limit. 

A  compromise  figure  of  20  percent  was  reached 
in  conference.  It  was  indicated  on  the  floor  of  the 
House  that  it  was  the  intent  of  the  appropriations 
committees  to  establish  this  as  a  government-wide 
limitation  on  grants. 

These  plans  broke  down  after  the  DOD  appro- 
priations bill  had  been  passed  and  signed.  The  Inde- 

pendent Offices  bill  was  amended  to  raise  the  limi- 
tation to  25  percent  for  the  agencies  covered  in that  bill. 

The  discrepancy  against  DOD  thus  was  created. 
It  does  not  mean  that  universities  and  colleges 

will  cease  acceptance  of  DOD  research  grants. 
"We  will  have  no  trouble  spending  our  budget — 

none  at  all,"  says  Dr.  Millsaps.  But  he  does  feel 
that  some  basic  research  areas  of  high  interest  to 
the  Air  Force  may  not  be  covered  by  the  best 
available  scientists — because  their  universities  will 
prefer  to  work  under  NASA  grants. 

A  survey  of  1962  grants  by  AFOSR  shows  the 
average  overhead  rate  to  be  28.5  percent.  Imposition 
of  the  limitation  is,  in  effect,  asking  the  universi- 

ties to  subsidize  the  government  for  this  work.  The 
situation  holds  true  even  under  a  25  percent  limita- 

tion, but  to  a  much  lesser  extent. 
Congress  should  move  as  soon  as  possible  to 

eliminate  the  unfavorable  climate  it  has  created 
for  DOD  in  this  regard. 

It  should,  in  fact,  take  a  much  closer  look  at 
the  overall  picture  regarding  allowances  on  research 
grants.  Its  attitude  toward  the  problem  has  seemed 
somewhat  cavalier  and  haphazard. 

No  one  expects  Congress  to  provide  a  loophole 
through  which  universities  can  write  off  large  and 
unwarranted  sections  of  their  overhead  without  Fed- 

eral control.  It  should  also  be  noted  that  grants  rep- 
resent only  a  minor  share  of  university  research  and 

development  for  the  Dept.  of  Defense.  The  majority 
of  such  work  is  done  under  contract. 

THAT,  HOWEVER,  is  no  excuse  for  allowing  an 
'  inequitable  position  to  develop.  The  universities have  contributed  to  the  confusion  by  the  very  fact 
that  their  overhead  charges  have  varied  at  times 
from  10  to  72  percent  of  direct  costs. 

The  universities  should  not  be  asked  to  subsidize 
the  government;  but  a  limit  of  some  kind  clearly 
is  called  for  to  ascertain  that  the  government  is  not 
being  asked  to  improperly  subsidize  the  universities. 
Money  for  research  grants  should  go,  to  the  greatest 
extent  possible,  for  research  and  not  for  administra- tive costs. 

The  15  percent  research  limitation  written  into  the 
Dept.  of  Health,  Education  and  Welfare  bill  in  1958 
has  not  unduly  discouraged  research  in  that  field. 
It  is  possible  that  a  20  percent  limitation  is  entirely 
just  in  the  areas  of  interest  to  DOD  and  NASA. 

It  is  not  necessary  for  the  Federal  government 
to  establish  a  system  for  control  of  university  ac- 

counting systems;  it  is  equally  unnecessary  to  allow 
free  rein  to  financial  opportunists  among  the  col- 

leges. A  common-sense  compromise  must  exist,  and 
Congress  should  find  it.  But  the  first  order  of  busi- 

ness in  doing  so  should  be  abolition  of  the  present 
discrepancy  against  DOD  research  grants. 

William  J.  Coughlin 
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Expanding  programs: 
■  Contracts  in  ALL  phases  of  BM 
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Kel-O-Rad  —communications  where  it  counts 

A  ten  foot  space  craft  bobbing  in  the  vast  Pacific  Ocean  makes  a  very  small  ripple.  But  when  that  space  craft  contains 
Astronaut  Walter  M.  Schirra,  Jr.,  the  ripple  laps  the  shores  of  the  world.  From  countdown  to  splashdown  a  vast  commu- 

nications network  links  Astronaut  Schirra  with  his  earthbound  colleagues.  A  unique  Kel-O-Rad  Radio  Transceiver 
installed  in  the  Astronaut's  survival  kit  was  available  to  keep  him  in  constant  voice  communication  with  nearby  rescue 
aircraft  if  he  elected  to  leave  the  space  craft.  The  microminiaturized  Kel-O-Rad  unit  permits  hands  free  communica- 

tions in  a  host  of  operations-flight  line  maintenance,  warehouse  areas  and  special  test  and  fire  fighting  teams-where 
people  work  in  hazardous  or  extremely  noisy  surroundings.  Kel-O-Rad's  two  basic  units  — the  portable  transceiver 
and  base  station -are  compact  battery-powered  packages.  The  12-ounce  transceiver  contains  a  crystal  controlled 
transmitter  and  receiver  powered  by  two  rechargeable  batteries.  Two  base  stations  are  available  — a  small  unit  operat- 

ing from  an  internal  battery  pack  and  a  slightly  larger  unit  powered  by  a  battery  or  an  AC  power  supply.  With  a  wide 
selection  of  operating  frequencies,  Kel-O-Rad  puts  reliable  voice  communications  where  they  count- in  any  military 
or  industrial  environment. 

ITT   KELLOGG  COMMUNICATIONS  SYSTEMS  DIVISION 
A  DIVISION  OF  INTERNATIONAL  TELEPHONE  AND  TELEGRAPH  CORPORATION  •  500  NORTH  PULASKI  ROAD,  CHICAGO  24,  ILLINOIS 

Circle  No. 10  on  Subscriber  Service  Cord 



McNamara 

Outlines 

DOD  Space 

Plans 

•  NASA  Sticks 

To  Lunar  Orbit 

•  Paring  Apollo 

Guidance  Price 

•  Problems  for 

'Spy'  Satellites 

Titan  II  Takes  Off 

On  5000-mile  Flight 



We  tooled  up  years  ago  for  large  antenna  hardware 

Through  the  years,  Rohr  has  developed  an  impressive  inventory  of  machines 
and  equipment  for  the  manufacture  of  large  complex,  precision  airframe  assem- 

blies. In  addition  to  some  of  the  world's  largest  presses  and  forming  machines, 
such  techniques  as  numerical  control,  chemical  and  electrical  spark  high  energy 
forming,  computer-aided  design  and  mathematical  lofting,  adhesive  bonding  of 
metallic  structures,  huge  processing  tanks  for  chemical  and  heat  treatment,  and 
advanced  automatic  welding  equipment  of  all  kinds  have  been  perfected  and 

used  for  years  at  Rohr.  And  they're  in  use  today  in  the  manufacture  of  micro- 
wave antennas,  85-foot  tracking  antennas  and  highly  advanced  radio  telescopes. 

This  equipment  plus  Rohr's  experienced  production  personnel  and  antenna 
design  engineers,  assures  customers  optimum  antenna  performance  regardless 
of  size  or  configuration  of  structures.  For  information,  please  address  Marketing 
Manager,  Department  134,  Rohr  Corporation,  Chula  Vista,  California. 
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IDEA:  Boost  a  missile's  range  and  payload,  too 
Cutting  inert  motor  weight  is  one  of  the  fastest  ways 
to  increase  a  missile's  range  or  payload.  It's  not  easy 
. . .  but  it  can  be  done.  And  14  years  ago,  GAC— Goodyear 
Aircraft  Corporation  — started  working  on  an  idea  that 
would  do  it. 

The  idea :  Filament  winding  — a  technique  brought  to  a 
fine  art  by  GAC... a  technique  being  used  today  by  GAC 
to  make  Polaris  first  stage  rocket  motor  cases. 

Filament  winding  offers  many  advantages  —  strength, 
lightness,  reliability  and,  most  importantly,  higher 

strength-weight  ratios.  Proof?  The  Polaris  cases  we 
make  are  as  much  as  %  lighter  than  steel  cases  of  the 
same  strength. 
GAC  can  also  wind  nozzles,  liquid  propsllant  tanks,  pres- 

sure vessels,  ultra-large  booster  cases  and  similar  prod- 
ucts. If  you  need  talent  in  these  areas  —  or  help  with 

advanced  systems  and  technology,  aerospace  support 
equipment,  electronic  subsystems,  lightweight  struct- 

ures, or  missile  requirements— write :  Goodyear  Aircraft 
Corporation,  Dept.  914  PV  Akron  15,  Ohio,  or  Litchfield 
Park,  Arizona. 

LAND,  SEA,  AIR  OR  SPACE  . .  .TALENT  THAT  BUILDS  BETTER  DEFENSE  SYSTEMS 

GOOD/YEAR 
GOODYEAR  ASRCRAF?  CORPORATION 
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Wake'  Island  to  Woomera . :. .  Sarasota  to  Singapore  .    South  Africa  to  South  Point,.  Hawai 

'At  tracking  stations  and  data  reduction 
centers  throughout  the  world,  ASTRODATA 
solids-state  timing  systems  assure  reliable 
and  economic  solutions  to  present  and  fu- 

ture timing  needs.  During  the  past  two 
years,  ASTRODATA  has  built  and  shipped 

over  60,000  digital  circuit  modules  for  land- 
based,  ship-  and  airborne  timing  systems  — 
enough  to  fill  350  sixrfoot  racks.  This  equip'- 
ment  hds  displayed  the  high  reliability  de- 

manded by  continuous  operation.  Because 
ASTRODATA  has  designed  standard,  off- 

Write  for  your  free  copy  of  our  new  48- 
page  handbook  of  commonly-used  time 
code  formats,  compiled  as  a  handy  refer- 

ence for  instrumentation  engineers. 

the-shelf  products  w'rth  options  to4  coVfr  * 
many  requirements  and- forestall*  early 
obsolescence,  costly  custom  engineering  is 

cut.  The  time  saved  speeds  routine  and 

rapid  delivery. 
ASTRODATA  has  standard  Time  Code  Gen- 

erators, Universal  Automatic  Translators 

and  Tape  Search  equipment  for  your  timing 
instrumentation  needs.  We  invite  you  to 

investigate  ASTRODATA's  capabilities  and 

will  be  happy  to  supply  names  of  custom- 
ers in  your  area. 

ASTRODATA  XWC 

240  E.  Palais  Rd.  •  Anaheim,  Calif.  •  Phone:  PR  2-1000 
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challenge with  a  future 

The  CHRYSLER  Corporation  SPACE  Division 
was  born  of  experience  extending  over  a  decade 
in  the  research,  design,  development,  fabrication, 
assembly,  test,  and  launch  support  of  large  liquid- 
propelled  missile  systems  and  space  boosters. 

Because  of  this  experience,  CHRYSLER 
SPACE  Division  was  established  to  engineer,  pro- 

duce, checkout,  and  static  test  the  first  stage  of 

NASA's  Saturn  C-1  rocket,  and  to  assemble  and 
launch  the  entire  C-1  space  vehicle.  To  these 
tasks  was  added  responsibility  for  product  im- 

provement and  advance  engineering. 
CHRYSLER  SPACE  Division  now  is  seeking 

engineers  and  scientists  with  the  talent,  enthusi- 
asm, and  technical  proficiency  to  fill  key  positions 

in  this  growing  new  Division. 

Consider  these  added  values  of  a  career  with 
CHRYSLER  Corporation  SPACE  Division: 

•  Association  with  top  technical  minds. 
•  Excellent  career  advancement  potential. 
•  University  facilities  for  advanced  study. 
•  Pleasant  living  in  3  choice  Southern  locations. 

If  you  have  engineering  experience  in  re- 
search, preliminary  design,  test  or  development 

in  the  areas  of  AERONAUTICS.  ELECTRONICS. 
SYSTEMS.  LIQUID  PROPULSION.  RELIABILITY 
or  STRUCTURES,  or  applied  experience  in 
MANUFACTURING.  PLANT  ENGINEERING  or 

QUALITY  CONTROL,  send  your  resume  in  confi- 
dence to  Personnel  Department.  P.O.  Box  26018, 

New  Orleans  26,  La. 

CHRYSLER    CORPORATION    SPACE  DIVISION 

CAPE  CANAVERAL,  FLA.        HUNTSVILLE,   ALA.        NEW    ORLEANS,  LA. 

An  Equal  Opportunity  Employer 



Two  major  task  areas  are  of 
special  interest: 

ADVANCE 
ENGINEERING 

This  branch  analyzes  existing 
or  proposed  space  system  designs 
and  operational  characteristics  to 
establish  system  requirements  and 
feasibility  for  developing  design  con- 

cepts. It  includes  these  sections: 

Aeroballistics — concerned  with  dy- 
namics and  trajectory  analyses,  aer- 

odynamic heating,  staging  studies, 
aerodynamics,  and  flight  evaluation. 
Preliminary  Design — establishes 
configuration  feasibility  to  meet 
mission  changes  and  future  mis- 

sions as  dictated  by  program  re- 
quirements. 
Future  Systems  Analysis — studies 
advanced  systems  with  considera- 

tion of  tradeoffs  between  various 
parameters  as  well  as  projected 
availability  of  new  and  higher  per- 

formance hardware. 

PRODUCT 
IMPROVEMENT 

These  programs  provide  for 
assignment  involving  the  major  ele- 

ments of  the  structural,  mechanical, 
and  materials  disciplines,  including 
complete  or  partial  feasibility  stud- 

ies, design,  development,  analysis, 
and  testing.  Tasks  also  are  initiated 
in  the  areas  of  electrical  systems, 
instrumentation,  and  automatic 
checkout.  Component  product  im- 

provement tasks  will  be  performed 
to  correct  design  deficiencies  and 
marginal  conditions  detected  in  the 
evaluation  and  test  programs. 

CHRYSLER  corporation 

SPACE  division 

An  Equal  Opportunity  Employer 

letters 

Salary  Curb  Threat 
To  the  Editor: 

Hurrah  for  Missiles  and  Rockets' 
reply  to  David  E.  Bell's  letter  regarding 
salary  ceilings  for  R&D  contractor  per- 

sonnel (M/R,  Aug.  20,  p.  6). 
Thank  God  for  people  with  sufficient 

clarity  of  thinking  to  see  the  threat  posed 
to  the  free  enterprise  system  (and  prog- 

ress) by  the  degradation  of  human  incen- 
tives. 

Your  forthright  and  courageous  answer 
to  Mr.  Bell  is  very  commendable  and  a 
great  source  of  encouragement. 

James  A.  Reeves 
Executive  Vice  President 
Spacelabs,  Inc. 
Van  Nuys,  Calif. 

Employee  Rights 
To  the  Editor: 

Bravo!  Bravo!  and  my  thanks  for  your 
Sept.  24  editorial  ("Move  Over,  Mr. 
Blough"). There  is  much  to  be  said  about  the 
company  which  fights  the  lonely  battle  for 
its  employees'  rights.  As  Courtlandt  Gross 
recently  told  his  employees,  "We  are  not 
anti-union,  but  we  are  anti-compulsion." 

I  commend  you,  not  for  your  editorial 
alone,  but  for  the  fact  that  you  too  have 
guts  enough  to  stand  and  call  a  spade  a 
spade. Patrick  E.  Nichols 

Lockheed  Missiles  &  Space  Co. 
Sunnyvale,  Calif. 

To  the  Editor: 
My  compliments  on  the  Sept.  24  edi- 

torial. I  heartily  agree  with  your  comments 
and  feel  it  is  one  of  the  best  things  the 
magazine  has  done. 

A.  V.  Cline 
Gaynor  &  Ducas,  Inc. 
Beverly  Hills,  Calif. 

Vostok  Rebuttal 

To  the  Editor: 
I  have  noted  with  interest  the  com- 

mentary by  J.  A.  Redeker  of  Rotterdam, 
Netherlands  (M/R,  Oct.  1,  p.  6)  on  my 
letter  (M/R,  Sept.  3)  concerning  the  rela- 

tive positions  of  Vostoks  III  and  IV  during 
their  orbital  nights.  Mr.  Redeker  wonders 
a  great  deal  about  my  calculations,  and 
he  is  evidently  certain  that  I  am  in  error. 
He  may  be  cocksure  but  alas,  he  is  dead 
wrong.  After  all,  I  do  not  consider  the 
thrust  of  my  comments  anywhere  near 
enough  to  stop  the  Earth's  spin  for  1 
second;  perish  the  thought  of  doing  it 
for  28.8  minutes.  A  lesson  in  elementary 
celestial  mechanics  seems  in  order;  after 
16  orbits  by  the  Vostok  III  spacecraft,  the 
time  elapsed  was  88.2  min.  x  16  orbits  = 
1411.2  minutes.  Since  the  Earth  spins  at 
a  rate  of  (approximately)  15  degrees/60 
min.,  then  in  16  orbits  the  Earth  turns 

15°  x88.2mm^-  x  16  orbits  =  352.8° 60  min.  orbit 

I  have  chosen  15  minutes  as  the  time 
from  lift-off  to  orbit  injection  of  the 
Vohtoks,  hence  the  Earth  has  rotated  an- 

other 3.6°  during  this  interval.  Now  the 
nodal  regression  turns  out  to  be  about  3.6 
degrees,  also,  to  the  west  (see  Moulton 
or  any  other  good  book  on  celestial  me- 

chanics for  this  calculation).  Hence,  the 
Earth  rotates  therein  a  total  of  some 
356.4°  and  then  with  the  addition  of  the 
nodal  regression,  the  launching  point  is 
now  in  the  same  plane — e.g.  the  apparent 
total  Earth  rotation  is  now  360°  (accord- 

ing to  theory  and  the  commensurate  cal- 
culation). The  16  orbits  of  Vostok  III 

took  1411.2  minutes.  But  we  count  our 
day  as  24  hours  =  1440  minutes.  Vostok 
III  was  launched  at  11:30  a.m.  Moscow 
time  on  Aug.  12;  28.8  minutes  earlier,  at 
11:02  a.m.  Aug.  13  Moscow  time,  Volstok 
IV  was  launched.  The  apparent  Earth  ro- 

tation during  16  orbits  was  360°;  the  time, however,  was  some  28  minutes  less  than 
one  day,  consequently,  the  need  for  the earlier  launch  of  Vostok  IV.  You  see,  we 
did  not  stop  the  Earth  at  all. 

The  following  items  should  be  noted 
carefully,  and  kept  in  mind.  The  very  best 
we  can  do  in  all  these  calculations  is  guided 
by  the  insufficiency  of  our  knowledge  of 
orbital  parameters,  lift-off  time,  and  time 
to  orbital  injection  from  lift-off.  There  are 
other  items — such  as  our  use  herein  of 
24  hours  for  the  day  as  opposed  to  the 
correct  value  of  a  sideral  day  of  23  hours 
56  min.  4.09  sec.  In  the  light  of  the  facts 
that  at  low-orbit  altitudes  the  inclination 
of  the  orbit  plane  to  the  equatorial  plane 
is  changing  rather  noticeably  and  the  orbit 
period  is  far  from  constant,  my  use  of  the 
Pravda-given  values  were  probably  as  good 
as  any  available  (and  useable)  in  the 
Western  World.  In  fact,  from  my  experi- 

ence involving  both  U.S.  and  U.S.S.R.  cal- 
culations of  the  parameters  for  Soviet 

spacecraft  and  and  satellites,  I  find  that 
the  Pravda-given  values  are  consistently 
better,  since  they  do  not  show  the  erratic 
and  inconsistent  variations  made  available 
by  U.S.  tracking  sources.  Finally,  yes,  I 
assumed  the  difference  in  inclination  to 
the  equator  was  also  the  2  minutes  or  arc 
difference  between  the  orbital  planes,  this 
difference  being,  of  course,  (presumably) 
the  total  error  incurred  during  the  Soviet 
attempts  to  match  the  Vostok  III  and  IV 
orbits.  Since  the  inclination  difference  is 
not  necessarily  the  orbit  plane  difference 
— they  are  not  linearly  related — the  actual 
variation  may  have  been  more  or  less. 
Inasmuch  as  I  did  not  expect  to  have 
available  all  the  prior  information  I  de- 

sired, I  decided  to  plunge  ahead  anyhow 
and  sacrifice  some  accuracy.  The  results, 
I  believe,  are  of  interest  in  any  case. 

Saunders  B.  Kramer 
Senior  Member 
American  Astronautical  Society 
Fellow 
British  Interplanetary  Society 
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A  new  solid  state  radar  system  built  by  STL  engineers  and 
scientists  can  send  out  and  receive  signals  at  X-band  fre- 

quencies to  help  man  rendezvous  and  dock  vehicles  in 
space.  STELATRAC  is  its  name.  It  is  the  first  solid  state 
system  of  its  kind.  The  X-band  transmitter  is  shown  above. 
It  has  successfully  passed  temperature  and  vibration  tests. 
STELATRAC  can  also  be  used  as  a  command  link  between 
vehicles  in  flight.  By  altering  its  module  design,  the  flexible 
radar  system  operates  as  an  altimeter  and  doppler  velocity 
sensor  to  guide  spacecraft  safely  to  the  surface  of  the  moon 
and  planets.  Today  STL  is  busy  on  many  such  projects  as 
STELATRAC.  STL  is  also  prime  contractor  for  NASA's 
OGO  and  a  new  series  of  classified  spacecraft  for  Air  Force- 
ARPA.  And  STL  continues  Systems  Management  for  the 

Air  Force's  Atlas,  Titan  and  Minuteman  programs.  These 
activities  create  immediate  openings  in  Theoretical  Physics 
•  Systems  Engineering  •  Radar  Systems  •  Experimental 
Physics  •  Applied  Mathematics  •  Space  Communications  • 
Antennas  and  Microwaves  •  Inertial  Guidance  •  Analog 
Computers  •  Solid  State  Physics  •  Computer  Design  • 
Telecommunications  •  Space  Physics  •  Digital  Computers 
•  Guidance  &  Navigation  •  Electromechanical  Devices  • 
Engineering  Mechanics  •  Aerodynamics  •  Propulsion 
Systems.  For  Southern  California  or  Cape  Canaveral 
positions,  write  Dr.  R.  C.  Potter,  Department  Bll, 
One  Space  Park,  Redondo  Beach,  California,  or  Box 
4277,  Patrick  AFB,  Florida.  Your  inquiry  will  receive 
a  prompt  reply.  STL  is  an  equal  opportunity  employer. 

SPACE  TECHNOLOGY  LABORATORIES,  INC. 
a  subsidiary  of  Thompson  Ramo  Wooldridge  Inc. 

Los  Angeles  •  Vandenberg  AFB  •  Norton  AFB.  San  Bernardino  •  Cape  Canaveral  •  Washington,  D.C.  •  Boston  •  Huntsville  •  Dayton 
ARS  delegates:  Los  Angeles  Interviews  November  12-15.  Call  F.  C.  Nagel,  Dunkirk  7-5138,  Visit  STL  Booth  226. 



The  Countdown 

WASHINGTON 

Are  Midas  Troubles  Exaggerated? 

Dept.  of  Defense  is  deliberately  over-emphasizing 
development  problems  of  the  MIDAS  early  warning  satel- 

lite, an  AF  official  charges.  He  says  most  of  the  problems 
now  are  solved.  Air  Force  can't  defend  the  program 
publicly  due  to  security  restrictions. 

North  American  Gets  Saturn  Contract 

NASA  contract  with  North  American  Aviation  for 
development  of  the  S-II  stage  of  the  Advanced  Saturn 
totals  $319  million.  Contract,  now  signed  after  months 
of  negotiation,  calls  for  nine  flight  stages  with  others  for 
test  purposes.  It  runs  through  December,  1966. 

NASA  Plans  Elliptical  Tiros  Orbit 
NASA  wants  to  test  one  of  its  Tiros  weather  satellites 

in  a  highly  elliptical  orbit  with  perhaps  a  300-mile  perigee 
and  a  3000-mile  apogee.  This  potentially  would  provide 
a  view  of  the  whole  disc  of  the  earth  for  the  first  time. 
If  camera  coverage  were  satisfactory,  orbits  of  future 
weather  satellites  would  be  altered. 

Still  No  Word  on  the  Solid  Future 

Future  of  the  big  solids  program  still  is  marking  time 
until  NASA  Administrator  James  Webb  and  Defense  Sec- 

retary Robert  McNamara  meet  to  discuss  the  program. 
A  remark  last  week  by  Air  Force  Secretary  Eugene 
Zukert  that  he  had  not  seen  the  program  gave  many  a 
misimpression.  It  has  been  signed  off  by  Zuckert's  office and  is  at  DOD  level. 

NASA  to  Measure  Radiation  Belt 

NASA  will  attempt  this  week  to  measure  the  size  and 
density  of  the  radiation  belt  created  by  the  U.S.  high- 
altitude  nuclear  explosion  last  July.  The  space  agency's 
specially  designed  S-3B  satellite  is  scheduled  for  launch 
from  Cape  Canaveral  on  Oct.  26.  All  of  the  spacecraft's 
experiments  are  designed  to  record  data  on  the  belt. 
(M/R,  Sept.  17,  p.  7.)  Meanwhile,  JPL  scientists  report 
that  data  from  Ranger  III  indicate  intensity  of  radioactive 
gamma  rays  in  space  may  be  10  times  greater  than 
expected. 

Kennedy  Plans  Recess  ComSat  Appointments 

President  Kennedy  will  give  recess  appointments  to 
the  13  board  members  of  the  Communications  Satellite 
Corp.  The  Presidential  action  is  required  because  the 
Senate  failed  to  confirm  the  appointments  before  its  ad- 

journment. The  board,  meanwhile,  already  has  scheduled 
its  first  meetings. 

Edwards  Under  Study  as  Recovery  Area 

Air  Force  Systems  Command  headquarters  is  studying 
a  recommendation  that  Edwards  AFB  be  the  major  focal 
point  of  the  AF  Space  Recovery  Area.  An  ad  hoc  com- 

mittee appointed  by  Gen.  Bernard  Schriever  recommended 
a  triangular  recovery  area  which  would  include  Wendover 

AFB,  Utah,  and  the  White  Sands  Missile  Range,  N.M. 
No  early  decision  is  expected.  Both  AF  and  DOD  must 
review  the  report. 

Watch  Out  for  That  Last  Third! 

Countermeasure  operators  on  AF  B-52's  say  they  now 
can  jam  a  radar-guided  surface-to-air  missile  so  effectively 
in  the  first  third  of  its  flight  that  no  bomber  evasive  action 
is  required — if  the  missile  is  acquired  in  time.  After  that, 
there  is  a  brief  period  when  evasive  action  would  help 
and  then — adios. 

INDUSTRY 

Navy  Orders  Beech  Target  Missile 

A  $5-million  Navy  contract  for  the  KD2B-1  target 
missile  will  enable  Beech  Aircraft  to  move  into  initial 
production.  Follow-on  contract  for  another  $10  million  is 
expected  before  year's  end.  The  Mach  2-plus  expendable 
missile,  powered  by  Rocketdyne's  LR-64-NA-4  storable- fueled  engine,  exceeded  design  specifications  on  each  of 
its  last  seven  flights. 

Concern  Voiced  over  Lewis  Capabilities 

Some  NASA  officials  privately  are  expressing  concern 
over  whether  Lewis  Research  Center  can  handle  the 
muddled  Centaur  program.  They  point  out  that  this  is 
the  first  program  of  such  magnitude  for  the  center.  Lewis, 
meanwhile,  is  planning  to  seek  help  from  industry  contrac- 

tors, particularly  on  guidance  and  control  problems. 

INTERNATIONAL 

RCA  Supplies  Aberporth  Radar 

Installation  of  two  powerful  high-precision  tracking 
radars  has  been  completed  at  Britain's  missile  launching 
site  at  Aberporth,  Wales.  They  were  supplied  by  the 
Missile  and  Surface  Radar  Div.  of  Radio  Corp.  of  Amer- 

ica. The  radars  are  of  long-range  amplitude-comparison 
type,  operable  at  1000  kw  peak  power  output,  each  at 
5480  mc/sec.  Provision  is  made  for  a  power  increase  to 
3000  kw. 

Soviets  Release  New  Space  Film 

"Stellar  Brothers,"  a  full-length  color  film  on  the 
training  and  flight  of  Soviet  astronauts  Nikolayev  and 
Popovich  in  Vostoks  III  and  IV,  is  being  released  in 
Moscow.  As  with  the  Titov  film,  it  probably  will  be  first 
seen  in  the  West  at  private  showings  by  Russian  embassies. 

New  Chairman  for  France's  CNES 

President  Jean  Coulomb  of  France's  National  Center 
for  Scientific  Research  will  succeed  Pierre  Auger  as  chair- 

man of  the  French  National  Space  Center  (CNES).  This 
follows  nomination  of  Prof.  Auger  as  president  of  the 
European  Space  Research  Organization  (ESRO). 
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Ranger  Series  Extended 
NASA  has  added  five  more  satel- 

lites to  its  Ranger  lunar  spaceflight 
series. 

The  additional  spacecraft,  desig- 
nated Rangers  10  through  llf,  will  be 

launched  in  1964. 
The  space  agency  said  no  decision 

had  been  made  as  to  what  payload 
the  spacecraft  would  carry,  but  both 
the  retro-rocket  delivery  system  and 
high-resolution  TV  cameras  in  the 
current  program  will  be  considered. 

The  addition  to  the  Ranger  pro- 
gram is  designed  to  fill  the  gap  cre- 

ated by  delays  in  the  Surveyor  lunar 
soft-landing  spacecraft  program. 
Originally  scheduled  for  1963,  the 
first  launch  in  that  program  has  now 
slipped  to  early  1965. 

Meanwhile,  NASA  continued 
preparations  for  the  launch  of 
Ranger  V  last  week.  Although  it  was 
scheduled  for  Oct.  18,  it  was  possible 
that  weather  or  technical  problems 
could  force  a  one-month  delay. 

In  another  Ranger  development, 
NASA  disclosed  that  data  obtained 

during  the  Ranger  III  flight  indi- 
cates that  the  intensity  of  gamma 

rays  in  interplanetary  space  is  prob- 
ably 10  times  higher  than  antici- 

pated. 
DOD  Revising  Info  Policy 

"Deeply  concerned  at  the  gener- 
ally disorderly  state"  of  DOD  efforts in  the  field  of  scientific  and  technical 

information,  Deputy  Secretary  of 
Defense  Roswell  Gilpatric  has  or- 

dered "positive  and  immediate  steps" to  correct  the  situation. 

Under  the  Gilpatric  memoran- 
dum, issued  Oct.  3,  the  director  of 

Defense  Research  and  Engineering  is 
to  develop  a  comprehensive  DOD 
policy  to  cover  an  integrated  scien- 

tific and  technical  information  pro- 
gram by  Jan.  1,  1963. 

DDR&E  has  also  been  directed  to 
establish  a  DOD  focal  point  for  these 
activities  by  appointing  a  full-time 
member  of  its  staff  as  director  of 
technical  information.  This  new  office 
will  be  responsible  for  developing  and 
recommending  policy  and  providing 

coordination  and  review  of  the  De- 
fense Department's  technical  infor- mation programs. 

The  three  military  services  and 
the  Advanced  Research  Projects 
Agency  have  been  directed  to  desig- 

nate individuals  within  their  or- 
ganizations to  provide  similar  focal 

points. "A  considerable  spur"  to  DOD 
efforts  to  simplify  its  technical  in- 

formation procedures  was  provided 

by  Sen.  Hubert  M.  Humphrey's efforts  in  this  area. 

As  chairman  of  a  Senate  govern- 
ment operations  subcommittee,  Hum- 

phrey ( D-Minn. ) ,  charged  last  March 
in  a  letter  to  the  House  Appropria- 

tions Committee  that  between  $1 
billion  and  $2  billion  annually  has 
been  lost  by  inefficiency  and  delays 

caused  by  improper  facilities  for  ex- 
change of  technical  information. 

He  said  as  much  as  a  year  has 
been  added  to  development  programs 
by  the  lack  of  timely  information.  In 
the  electronics  field  alone,  Humphrey 

said,  $200  million  a  year  is  lost  be- 
cause of  poor  information  policies. 

While  carefully  avoiding  any  dis- 
pute with  Sen.  Humphrey's  figures, 

defense  officials  said  that  "it  is  very 
hard  to  substantiate"  his  charges. 
"While  I  do  not  share  the  view  that 
our  technical  or  management  efforts 
have  suffered  as  a  result  of  lack  of 
information,  a  strong  presumption 
exists  that  the  possibility  of  waste 

and  poor  management  will  even- 
tually ensue,"  the  Gilpatric  memo stressed. 

Shots  of  the  Week 

Tropical  storm  Ella  abbreviated 
what  was  to  have  been  one  of  the 
busiest  weeks  in  recent  months  at 
Cape  Canaveral.  Three  Minutemen, 
one  Atlas  and  a  Pershing  were  all 
cancelled  as  the  storm  moved  up  the 
Florida  coast. 

•  An  Air  Force  Titan  II  ICBM 
chalked  up  its  fourth  success  in  six 
test  flights  Oct.  12,  before  the  storm 
closed  in.  Traveling  some  5000  miles 
down  the  Atlantic  Missile  Range,  the 
storable-fueled  missile  impacted 
within  a  predetermined  area,  accord- 

ing to  AF  officials. 
•  Cosmos  X — another  in  the 

Soviet  Union's  series  of  unmanned 
satellites  to  explore  the  space  envi- 

ronment— was  launched  Oct.  17. 
Orbital  data  was  not  available  but 
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early  reports  indicated  the  satellite 
was  transmitting  normally,  had  an 
apogee  of  235  mi.  and  a  perigee  of 
120  mi.  Period  is  90.2  min. 

•  Two  multi-stage  Russian 
ICBM's  were  fired  into  the  Pacific 
Ocean  Oct.  17,  according  to  an  offi- 

cial announcement  that  came  on  the 
heels  of  notification  by  the  the  USSR 
of  its  intention  to  conduct  such  tests. 

The  earlier  Tass  announcement 

said  "New  versions  of  multi-stage 
rockets  for  space  objects"  were  to  be 
tested  Oct.  16-Nov.  30. 

The  rockets  were  to  be  fired  from 
the  Soviet  Union  into  one  of  two 
areas  in  the  Pacific  Ocean.  The  first  is 
a  200-by-400-mi.  rectangular  area 
some  2000  miles  east  of  Tokyo  and 
600  miles  northwest  of  Midway  Island. 

The  second — used  by  the  Soviets 
for  eight  similar  tests  last  September 
and  October — is  a  100-mile-square 
area  1000  miles  southwest  of  Hawaii 
and  bordering  on  the  restricted  area 
around  the  U.  S.  nuclear-testing  site 
at  Johnston  Island. 

U.S.  officials,  however,  said  that 
the  Soviet  tests  would  not  interfere 
with  its  nuclear  testing. 

•  A  two-stage  Apache  sounding 
rocket  carried  a  65-lb.  payload  aloft 
from  Wallops  Island,  Va.,  to  an  alti- 

tude of  103  mi.  Part  of  NASA's  con- 
tinuing research  program,  the  Oct. 

16  shot  transmitted  data  on  iono- 
spheric electron  density  and  tem- 

perature. There  were  no  plans  to 
recover  the  payload  from  the  Atlan- 

tic Ocean. 

•  A  Thor  missile  carrying  a  sub- 
megaton  nuclear  device  malfunc- 

tioned "within  minutes  after  liftoff" 
Oct.  16,  and  both  the  nuclear  device 
and  the  booster  were  destroyed  over 
Johnston  Island  in  the  Pacific.  The 
third  failure  in  four  attempts,  the 
test  was  part  of  the  U.S.  high-alti- 

tude nuclear  test  series.  Cause  of  the 
failure  was  not  revealed.  Another 
test  was  reportedly  scheduled  for 
Sept.  20. 

IAS-ARS  Merger  Pending 
The  governing  bodies  of  the  In- 

stitute for  the  Aerospace  Sciences 
and  the  American  Rocket  Society 
have  approved  merger  of  the  two 
groups  into  the  American  Institute 
of  Aeronautics  and  Astronautics. 

The  council  of  the  IAS  and  the 
board  of  the  ARS  approved  the  pro- 

posed merger  Oct.  14. 
The  agreement  will  be  submitted 

to  members  of  the  two  societies  for 
ratification.  Full  information  on  the 
proposal  and  the  necessary  legal 
documents  will  be  sent  with  ballots 
to  members  of  both  groups  in  about 
two  weeks. 
missiles  and  rockets,  October  22,  1962 

NEMS-CLARKE  MODULE 

Searches  and  locks  carrier  to  -145  dbm 

When  missile  and  satellite  signals  are  the  hardest  to  find,  and  hold,  this  new 
PCM/PM  Module  is  at  its  best.  It  is  a  phase  lock  tracking  demodulator  with 
anti-sideband  lock-out.  It  searches,  tracks  and  locks  onto  a  carrier  signal  as 
low  as  —145  dbm  and  will  maintain  the  lock  at  —150  dbm.  AGC  of  this 
equipment  has  been  maintained  for  signal  strength  lower  than  locking  thresh- 

old. Ultra  linear  phase  detector  guarantees  low  distortion  reception  with  a 
signal  modulation  as  high  as  1.4  radians.  These  new  units  demodulate  either 
true  phase  or  amplitude  modulated  signals. 

The  module  is  de- 
signed to  plug  into 

Nems-Clarke  1455- 
1456A  receivers  as 
well  as  the  1037  deep 

space  probe  receiver. 
•  •  @ 

For  further  information  write: 
Vitro  Electronics,  919  Jesup-Blair  Drive, 
Silver  Spring,  Maryland. 
A  Division  of  Vitro  Corporation  of  America 

'irro  os 

Specifications: 

Operation  Modes  Automatic,  Manual 
Automatic  Sweep  Range  ....  +  5  kc  min  of 

VCO  center  frequency 

Manual  Sweep  Range  +15  kc  of 
nominal  VCO  frequency  5,445.00  kc 

Tracking  Loop  Bandwilh  20  &  60  cps 
(selectable  from  front  panel) 

Tracking  loop  Sensitivity  
Minimum:  —150  dbm  (Maintain  lock), 
—140  dbm  (Automatic  search  &  Lock) 
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After  NASA  review . 

Apollo  Guidance  Costs  Under  Control 

Overruns  traced  to  space  agency's  first 
work  statements,  prepared  on  crash  basis 

by  Charles  D.  LaFond 

SOARING  Apollo  guidance  and 
control  cost  estimates  are  now  being 
brought  back  to  Earth. 

The  present  rhubarb,  according  to 
both  NASA  and  industry  officials  asso- 

ciated with  the  program,  can  be  traced 
directly  to  NASA's  first  "detailed" 
Apollo  work  statements  which  neces- 

sarily were  prepared  on  a  crash  basis 
following  subcontractor  selection  early 
this  year. 

Considering  the  tasks  contemplated, 
say  the  subcontractors  involved,  initial 
work  statements  upon  which  proposals 
were  based  were  extremely  general  and 
brief.  Bidders  used  these  specifications 
to  provide  NASA  with  a  usable  defini- 

tive contract  base.  This  hastened  con- 
tractor selection  and  still  gave  bidders 

an  equal  opportunity  since  all  were 
made  on  the  same  information. 

Apparently  trouble  arose  with  the 
next  work  plans,  prepared  by  MIT's  In- 

strumentation Laboratory — Apollo  guid- 
ance system  prime  contractor — and 

NASA.  As  an  industry  spokesman  put 
it:  "They  started  out  to  buy  a  car  and 
established  a  budget  for  it.  Then  they 
ordered  power  steering,  power  brakes 
and  a  host  of  other  extras  not  originally 
desired.  Result  was  a  bill  far  exceeding 
the  planned  budget  figure."  After  con- 

tractor selection,  Apollo  systems  and 
schedule  modifications  were  in  a  con- 

stant state  of  flux. 

•  Holmes  comments — NASA's 
Moon  boss,  D.  Brainerd  Holmes,  told 
M/R  last  week  that  cost  overruns  in 

Project  Apollo  "are  giving  us  some  very 
severe  problems." 

"Many  of  the  current  cost  estimates 
of  our  contractors,"  Holmes  said,  "are 
above  their  original  bids." 

He  asserted  that  he  was  working 
with  the  contractors  during  current 
negotiations  to  stress  the  real  budgetary 
limitations  controlling  the  manned  lunar 
landing  program.  "In  every  case,"  he 
said,  "they  have  been  very  cooperative. 
They  have  not  just  paid  lip  service,  but 
have  made  real  efforts  to  cut  their  costs." 

M/R  requested  comment  from 
Holmes  after  disclosure  that  space 
agency  officials  were  concerned  by  the 
rising  cost  of  Project  Apollo  (M/R, 
Nov.  8,  p.  16;  Nov.  15,  p.  13). 
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A  NASA  official  originally  told  M/R 
estimates  submitted  by  some  of  the  in- 

dustrial support  team  were  "shocking". Holmes  refused  to  describe  the  situ- 
ation as  shocking,  but  he  acknowledged 

that  some  of  the  cost  estimates  in  the 
guidance  area  are  considerably  higher 
than  the  original  bid.  He  said  not  all  of 
the  guidance  contractors  were  involved. 

One  reason  for  the  cost  overruns, 
Holmes  said,  stems  from  the  very  nature 
of  cost-plus-fixed-fee  contracts,  in  which 
firms  may  tend  to  be  overly  optimistic 
in  their  original  estimates. 

Industry  misunderstanding  of  tech- 
nical requirements  and  NASA's  pen- 
chant for  changing  its  mind  on  specifica- 

tions are  other  pertinent  reasons  for  the 
higher  costs,  Holmes  added. 

Other  NASA  officials  queried  by 
M/R  declined  to  comment,  explaining 
that  current  negotiations  preclude  fur- 

ther discussion  of  Apollo  contracts. 
•  Industry  view — When  one  typical 

G&C  subcontractor  ended  up  with  a  cost 
estimate  two  and  one-half  times  its  origi- 

nal contract  figure  and  another  was  even 
higher,  NASA's  top  management  roared. 

In  defense  of  its  cost  estimates,  one 
contractor  then  prepared  an  item-for- 
item  comparison  of  work  requirements 
vs.  cost  between  the  first  and  second 
work  statements.  The  result:  cost  of 
similar  items  were  roughly  equivalent, 
but  where  item  quantities  had  been  in- 

creased and  extras  had  been  added,  costs 
were  significantly  higher. 

In  one  case,  28  complete  ground- 
support  systems  were  called  for — greatly 
exceeding  the  number  of  space  vehicles 
to  be  built. 

There  appear  to  be  two  distinct 
schools  of  thought  in  NASA  concerning 
support  equipment.  One  calls  for  a  cen- 

tralized integrated  checkout  concept  in- 
volving an  extremely  impressive  ground 

computer  complex.  At  the  same  time, 
NASA  specs  call  for  a  massive  supply 
of  GSE  from  individual  subcontractors. 
The  result,  contractors  say,  is  duplica- 

tion of  costs,  and  other  parallels  in 
Apollo  subsystems  are  driving  costs 
even  higher. 

Reliability  definition  and  test  re- 
quirements are  considered  by  some  to 

have  been  completely  unrealistic.  Also, 
spare  parts  requirements  have  been  the 
subject  of  steadily  changing  ground 
rules,  and  requirement  changes  have 
resulted  in  boosted  costs. 

Still  further,  subcontractors  complain 
that  the  number  of  contractor  support 

personnel  required  to  "live  in"  at  MIT 
is  too  large — adding  to  subcontractor 
costs  without  providing  a  fair  return. 

Other  strong  disagreements  still  exist 
within  NASA  as  to  major  technical  ap- 

proaches concerning  G&C.  According 
to  a  subcontractor's  spokesman,  "They still  disagree  on  whether  to  go  fully 
automatic  with  pilot  override  or  reduce 
system  complexity  to  make  maximum 
use  of  pilot  control  capability." 

•  The  situation  today — At  the  work- 
ing level,  NASA,  MIT,  North  Ameri- 
can Aviation  and  sub-contractor  partici- 

pants believe  problems  of  technical  re- 
quirements and  costs  are  being  solved 

amicably  and  practically.  "We  were  un- aware that  any  serious  disagreement 
existed,"  said  one  official,  "until  NASA 

leaders  spoke  out." When  both  sides  realized  that  pro- 
hibitive costs  had  evolved,  each  set  out 

constructively  to  trim  nonessentials  from 
G&C  requirements.  NASA  and  MIT 
now  have  produced  a  new,  definitive 
work  statement. 

Under  current  requirements,  one 
subcontractor  whose  cost  estimates  were 

notably  high  now  says  it  can  come  with- 
in $1  million  of  its  original  bid. 
Others  say  they  can  match  original 

prices  item  for  item — but  their  ex- 
panded requirements  indicate  that  over- all costs  will  fall  somewhere  between 

their  first  and  second  cost  estimates. 
All  principal  subcontractors  on  the 

G&C  effort  now  are  involved  in  a  NASA 
review  and  re-evaluation  of  their  tasks. 
Contract  negotiations  will  continue  for 
the  following  major  G&C  subcontractors 
over  the  next  several  weeks: 

Minneapolis-Honeywell  (sub  to 
NAA  for  stabilization  and  control  sys- 

tem and  flight  control  systems  integra- 
tion); AC  Spark  Plug  Division  of  Gen- 

eral Motors  (inertial  guidance  platform 
and  associated  electronics);  Raytheon 
Co.  (guidance  computer);  Kollsman  In- 

strument Co.  (optical  subsystems).  8 
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Backup  possible  .  .  . 

NASA  Firm  on  Lunar  Orbit  Choice 

by  Hal  Taylor 

TOP  NASA  officials  are  sticking  to 
their  decision  to  use  Lunar  Orbit  Ren- 

dezvous for  the  first  U.S.  manned  lunar 
landing  despite  pressure  from  White 
House  science  advisers. 

It  is  possible,  however,  that  NASA 
may  develop  a  backup  method  calling 
for  Earth-orbit  rendezvous  utilizing  a 
Gemini  spacecraft. 

D.  Brainerd  Holmes,  the  space 
agency  Moon  chief,  told  Missiles  and 
Rockets  NASA  is  finishing  its  evalu- 

ation of  LOR  and  has  not  changed  its 
mind  on  its  feasibility. 

The  program,  he  said,  will  move 
ahead  with  the  award  of  contract  for  the 
Lunar  Excursion  Module  of  the  Apollo 
spacecraft.  "We  hope  to  make  the 
award  within  a  month,"  Holmes  said. 

Holmes'  comments  followed  con- 
tinued reports  that  the  top  White  House 

science  adviser,  Dr.  Jerome  Wiesner, 

bitterly  opposes  the  LOR  decision. 
Holmes  refused  to  comment  on  the 

reports,  but  did  say  that  NASA's  Office of  Manned  Space  Flight  is  keeping 
Wiesner  informed  of  its  findings. 

Under  the  LOR  concept,  the  three- 
man  Apollo  spacecraft  would  be 
launched  from  the  Earth  by  an  Ad- 

vanced Saturn  booster  into  orbit  around 
the  Moon.  The  two-man  LEM  would 
then  detach  itself  and  descend  to  the 
lunar  surface.  After  exploration,  the 
LEM  would  launch  off  the  Moon  and 
rendezvous  with  the  orbiting  command 
and  service  modules  for  return  to  Earth. 

One  argument  presented  by  oppon- 
ents of  LOR  is  that  rendezvous  in  Earth 

orbit  (EOR)  would  be  safer  than  LOR 
and  would  also  provide  more  fallout 
for  U.S.  military  space  program. 

Holmes  described  this  as  a  "specious" 
agrument.  He  said  "we  have  never 
been  able  to  get  DOD  to  say  that." 

Other  opponents,  reportedly  includ- 
ing Wiesner,  have  claimed  that  a  direct 

flight  with  a  lighter  two-man  spacecraft 
could  cut  as  much  as  two  years  off  the 
U.S.  target  date  for  a  manned  lunar 
landing.  McDonnell  Aircraft  Corp.  and 
Space  Technology  Laboratories  have 
been  conducting  studies  of  its  feasibility. 
The  McDonnell  plan  would  involve  an 
extensively  modified  Gemini  spacecraft. 

Another  well-informed  Administra- 
tion official  told  M/R  that  of  the  three 

possibilities — LOR,  EOR,  or  direct 
flight  with  a  two-man  capsule — the  lat- ter is  the  least  feasible. 

He  said  as  far  as  he  is  concerned 
the  LOR  decision  has  been  made. 

He  said  that  it  is  possible  that  NASA 
may  approve  a  backup  method  for  the 
lunar  landing  which  would  involve 
mating  a  modified  Gemini  spacecraft 
with  a  booster  in  Earth  orbit. 

The  official  noted  that  the  U.S.  will 
be  practicing  Earth-orbit  rendezvous  in 
the  Gemini  flight  series,  and  it  is  possi- 

ble this  could  be  extended  for  the  lunar 

landing  mission.  8 

Dryden  Details  Deep  Difficulties  with  Centaur 

SLX  MAJOR  PROBLEMS  con- 
tinue to  threaten  scheduling,  per- 

formance and  funding  of  the  Cen- 
taur launch  vehicle  program. 

The  new  troubles  for  the  already 
long-delayed  liquid  hydrogen  upper- 
stage  program  were  discolsed  by 
NASA  in  a  report  to  the  House 
Space  Committee. 

The  space  agency  said  that  the 
problems  can  be  solved  only  through 
intensified  effort  by  both  NASA  and 
its  contractors. 

The  report  was  made  in  a  let- 
ter from  Deputy  Administrator  Dr. 

Hugh  L.  Dryden  to  the  committee 
chairman,  Rep.  George  P.  Miller 
(D-Calif.).  It  stemmed  from  a  com- 

mittee investigation  of  the  liquid- 
hydrogen  upper-stage  program  fol- 

lowing the  unsuccessful  first  launch  of 
Centaur  on  May  8,  1962. 

The  problem  areas  detailed  by 
NASA: 

—Capability  of  the  Atlas  and 
Centaur  to  carry  heavy  payloads  un- 

der severe  wind  conditions  must  be 
studied  in  greater  detail  to  assure 
that  adequate  margins  exist.  Existing 
reports  and  test  results  indicate  satis- 

factory capabilities,  but  studies  in 
greater  depth  are  desired. 

—Though  overall  quality  of  fab- 
rication work  on  Centaur  has  im- 

proved since  the  prime  contractor — 
General  Dynamics/ Astronautics  — 
gave  it  project  status  in  February 
1962,  added  improvement  is  required 
to  reach  the  level  of  quality  control 
desired  for  a  vehicle  of  this  type. 

—The  guidance  system  will  re- 
quire further  development  effort  to 

achieve  necessary  accuracy  with  good 
reliability. 

—Tank  fabrication  will  call  for 
better  welding  techniques,  somewhat 
heavier  metal  in  weld  areas  and  in- 

vestigation of  better  steels  for  use 
at  liquid  hydrogen  temperatures.  An 
intermediate  bulkhead  problem  noted 
previously,  however,  appears  to  have 
been  substantially  solved  by  the  ap- 

plication of  similar  techniques  in  that 
area. 

—Separation  of  Centaur  from 
Atlas  in  flight  requires  further  analy- 

sis— and  possibly  some  changes — to 
achieve  a  sufficiently  high  probability 
of  clean  separation. 

—The  nose  cone  and  insulation 
panels,  redesigned  following  the  first 
flight,  must  be  fully  reviewed  and 
tested  to  prove  their  capability  to 
withstand  the  aerodynamic  load 
encountered. 

•  '65  target — Despite  the  new 
problems,  NASA  said  there  is  still 
a  good  chance  successful  Centaur 

development  will  permit  the  first 
launch  of  the  Surveyor  lunar  space- 

craft no  later  than  early  1965. 
The  report  said  that  about  $100 

million  will  be  spent  on  Centaur  in 
Fiscal  1963  to  accelerate  develop- 

ment. Other  NASA  officials  indicated 
that  at  least  that  much  will  be  spent 
in  Fiscal  '64.  The  same  officials  also 
said  NASA  still  is  considering  a  DX 
priority  for  Centaur,  but  the  de- cision will  be  made  by  the  Kennedy 
Administration. 

The  report  also  included  further 
details  of  studies  of  possible  new 
launch  vehicles  for  Centaur.  The 
studies  will  be  conducted  by  Lewis 
Research  Center,  which  recently  ac- 

quired program  responsibility  for 
the  upper  stage. 

The  report  said  that  Lewis  will 
study  use  of  the  Titan  II,  Saturn  C-l 
and  Saturn  C-1B  vehicles  as  a  first- 
stage  booster. 

The  space  agency  noted  that 
Titan  II /Centaur  offers  considerably 
better  performance  over  Atlas/ Cen- 

taur. It  added  that  Centaur  on  the 
Saturn  C-1B  offers  a  major  increase 
in  payload  capability— which  will  be 
required  for  advanced  planetary  mis- 

sions in  the  second  half  of  this 
decade.  8 
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A  Pentagon  Interview 

Sec.  AAcNamara  Outlines  Defense  Dept 

Nexf  three  months  will  bring  decision  on  how  high  military  space  funding 

will  rise;  Titan  III  progress  praised;  no  4c/ear'  man-in-space  requirement 

SECRETARY  McNAMARA:  ".  .  .  we  must  be  prepared  to 
put  man  in  space  .  .  .  should  new  requirements  develop." 

IN  THE  accompanying  interview,  Secretary  of 
Defense  Robert  S.  McNamara  states  for  the  first 

time  some  of  his  views  on  the  role  of  the  military 

in  space — and  how  the  role  may  develop  in  the 
future. 

The  interview,  and  a  recent  speech  by  Assistant 

Defense  Secretary  John  H.  Rubel  (see  p.  37),  indi- 
cate that  the  official  Pentagon  attitude  toward 

military  space  activity  has  become,  for  the  time 
being  at  least,  more  favorable  than  might  have 
been  gathered  from  previous,  fragmentary  DOD 
pronouncements. 

In  general,  the  Secretary  states  that  while  he 

sees  no  "clear"  military  space  requirement  now, 
DOD  is  keeping  an  open  mind. 

(See  editorial,  page  46.) 

Q — Is  there  any  increase  planned  in  the  military  space 
program? 

A — The  military  space  program  of  about  $1.5  billion 
in  Fiscal  Year  1 963  is  about  twice  last  year's  level  and  about three  times  the  level  of  Fiscal  Year  1961.  Because  of  the 

lead  time  in  converting  obligational  authority  into  expendi- 
tures there  will  necessarily  be  an  increase  in  expenditures  in 

Fiscal  1964.  There  has  been  no  decision  yet  on  the  new 

appropriations  to  be  requested  for  Fiscal  1964.  We'll  be making  such  decisions  in  the  next  90  days  as  we  prepare 
the  Fiscal  1964  budget. 

Q — What  is  the  military  role  in  space?  What  weapons 
in  space  do  you  foresee? 

A — The  requirements  for  specific  military  operations  in 
space  are  not  completely  clear.  Our  research  and  develop- 

ment program  is  exploring  the  techniques  and  the  tech- 
nology, and  when  and  if  specific  requirements  for  military 

operations  in  space  are  determined,  we  will  be  prepared  to 
apply  these  developments.  As  an  example  of  this  approach, 
we  know  we  would  need  larger  boosters  if  our  operations 
in  space  expand  beyond  the  projects  that  we  are  currently 
conducting  in  communications,  navigation,  weather,  mapping 
and  similar  applications.  Therefore,  the  development  of  a 
large  booster  program  was  the  first  thing  we  attacked  last 
year.  President  Kennedy  in  his  amendments  to  the  defense 
budget  for  Fiscal  1962  asked  for  and  obtained  $62Vi  million 
for  large  booster  development  as  a  foundation  for  whatever 
military  operations  in  space  might  be  required  in  the  future. 
That  led  to  the  Titan  III  booster,  an  $808-million  project 
which  was  announced  recently.  I  am  very  pleased  with  the 
progress  of  Titan  III.  It  is  a  very  important  building  block 
for  any  expanded  space  program.  If  by  any  chance  we  need 
to  develop  manned  operations  in  space,  we  would  have  the 
boosters  for  the  larger  satellites  that  would  be  required. 

Q — What  is  the  military  requirement  for  manned 
satellites? 

A — I  am  not  prepared  to  say  that  we  will  or  will  not 
need  to  have  manned  spacecraft.  I  cannot  read  the  future. 
But  we  are  acquiring  the  necessary  knowledge  and  tech- 

niques that  will  be  required  if  we  find  we  have  to  put  man 
in  space  for  military  operations.  We  are  developing  the  big 
boosters,  we  are  supporting  the  X-20  to  develop  maneuver- 
able  re-entry  from  orbit,  and  we  are  carrying  forward  the 
studies  in  bioastronautics  to  give  us  the  capabilities  of  plac- 

ing a  man  in  space  for  an  extended  period  of  time.  We 
expect  to  spend  very  close  to  $1  billion  on  the  X-20  de- 

veloping manned  space  flight  and  controllable  landing  capa- 
bilities. These  are  the  types  of  equipment  we  need  to  support 

manned  operations  in  space. 
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3lans  for  Space 

At  this  time  I  see  no  clear  requirement  for  manned 
satellites  for  military  purposes.  Trying  to  put  a  man  into 
the  space  vehicle  leads  to  complications  and  delay.  For 
example,  many  extra  months  of  development  work  are 
required  to  "rate"  a  rocket  for  manned  flight,  i.e.  to  increase 
its  reliability  sufficiently  to  entrust  a  man  to  it.  At  present, 
we  can  do  almost  everything  we  need  to  do  without  a  man 
in  the  satellite.  Much  of  what  we  need  to  do  now  we  can 
do  better  without  man — and  sooner.  But  we  must  be  pre- 

pared to  put  man  in  space  in  the  future  should  new  require- 
ments develop.  It  is  for  this  reason  that  we  are  developing 

the  large  boosters,  the  experience  in  the  space  environment 
and  the  techniques  associated  with  potential  military  opera- 

tions in  space. 

Q — Do  you  favor  the  Air  Force  proposal  for  a  manned 
orbital  development  system — a  manned  space  station  for 
experimental  purposes? 

A — I  would  favor  it  if  it  adds  anything  substantial  to 
what  we  are  already  doing  in  X-20  and  the  NASA  Gemini 
and  other  programs. 

Q — Has  the  Air  Force  made  such  a  proposal  for  Fiscal 
1964?  The  Air  Force  space  program  was  scheduled  for 
presentation  to  you  Oct.  1. 

A — I  believe  the  Air  Force  probably  will  need  more  time 
to  complete  the  proposal.  It  has  not  yet  been  presented  to  me. 

Q — Has  the  Advent  space  communications  system  been 
abandoned? 

A — It  has  not  been  abandoned  but  it  has  been  sub- 
stantially reoriented.  In  its  original  form,  the  program  was 

quite  unsatisfactory.  We  are  now  exploring  alternative  ways 
of  developing  communication  satellites.  The  Army,  Air 
Force  and  the  Defense  Communications  Agency  are  co- 

operating in  this  project. 

Q — Is  there  a  clear-cut  definition  of  what  area  the  mili- 
tary communications  satellite  program  would  cover? 

A — The  military  communications  satellite  system  would 
be  for  very  specialized  defense  purposes.  It  would  not  have 
the  traffic  capacity  required  of  commercial  communications 
satellites,  but  it  would  cover  a  broader  area  of  the  world  and 

X-20  ATOP  TITAN  III— $808  million  for  the  booster,  nearly 
$1  billion  for  maneuverable  re-entry. 

would  have  to  be  jamproof  and  highly  reliable.  Certain  of 
the  requirements  would  have  to  be  more  stringent  than  for 
commercial  uses. 

Q — Is  there  a  threat  in  space  from  enemy  satellites  carry- 
ing super-megaton  bombs? 

A — It  is  difficult  to  see  any  advantage  in  such  satellites. 
ICBM's  and  submarine-launched  missiles  are  already  an 
existing  threat  and  such  weapons  appear  as  effective  as  a 
bomb-carrying  satellite  and  substantially  less  costly. 

Q — Are  the  Russians  building  bigger  rocket  boosters  of 
the  kind  that  would  take  them  to  the  Moon? 

A — I  know  of  no  indications  that  they  are  building  big- 
ger boosters.  But  it  would  be  unwise  to  assume  they  are  not. 

They  have  the  capability  to  build  bigger  boosters  and  we 
must  assume  they  may  try  to  do  so. 

Q — Are  the  Russians  developing  more  advanced  genera- 

tions of  ICBM's? 
A — We  have  no  such  information  of  such  programs  but 

because  they  have  a  capability  to  improve  their  weapons  we 
must  assume  they  are  doing  so. 

Q — What  are  we  doing  to  improve  our  ICBM's  now  that 
the  early  Atlas  missiles  are  becoming  obsolescent?  What  is 
beyond  the  Minuteman  ICBM? 

A — We  will  go  into  that  in  our  review  of  the  Fiscal  1964 
budget  and  the  five-year  program.  It  is  reasonable  to  assume 
we  will  continue  to  introduce  improvements  and  advances 
into  our  weapons  systems. 

(The  above  interview  with  Newsweek  Pentagon 
correspondent  Lloyd  Norman  is  printed  by  special  ar- 

rangement with  Newsweek  magazine.) 
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On  space  management . 

Congress  May  Ride  Close  Herd 

House  committee,  regardless  of  its  leadership, 

seen  likely  to  keep  close  watch  on  programs 
by  Frank  G.  McGuire 

SUCCESS  of  committee  investiga- 
tions into  the  Centaur  and  SNAP -50/ 

SPUR  programs  may  prompt  increased 
congressional  interest  in  other  phases  of 
the  nation's  space  program. 

Action  by  the  House  Space  Commit- 
tee (M/R,  Oct.  8,  p.  15)  and  the  Joint 

Committee  on  Atomic  Energy  (M/R, 
Sept.  24,  p.  14)  resulted  in  shuffling  of 
management  on  the  two  programs,  whet- 

ting congressional  appetites  for  future 
improvements. 

Furthermore,  a  series  of  recent  de- 
velopments within  the  House  Space 

Committee  may  accelerate  the  rate  at 
which  the  next  Congress  will  probe 
specific  programs. 

Under  chairmanship  of  the  late  Rep. 
Overton  Brooks  (D-La.),  the  Space 
Committee  undertook  most  of  its  busi- 

ness as  a  body.  With  direction  of  the 
committee  now  in  the  hands  of  Rep. 
George  P.  Miller  (D-Calif.),  significant 
changes  have  been  made  that  guarantee 
deeper  probing  into  space -program  man- 
agement. 

Miller's  establishment  of  subcommit- 
tees enables  Congressmen  to  look  more 

specifically  into  various  aspects  of  the 
national  space  effort,  and  allows  younger 
Congressmen  to  become  more  familiar 
with  the  problems  and  accomplishments 
of  the  agencies  involved. 

It  was  such  a  subcommittee  that 

COMPARTMENT 
LOGARITHMIC AMPLIFIERS!?) 
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DEMODULATOR AND  FILTER 

CIRCUIT 

LOGARITHMIC FUNCTION 
CIRCUIT 

SYNCHRONOUS 
DEMODULATOR AND  FILTER 
CIRCUIT 

-LOGARITHMIC 
FUNCTION 
CIRCUIT 

How  Radiometer  Will  Function  on  Mariner  //'s  Fly-by FIVE  CIRCUIT  BOARDS  hold  major  electronic  components  for  JR  radiometer  riding 
aboard  NASA's  Mariner  II,  due  to  pass  in  the  vicinity  of  Venus  Dec.  14.  The  two-channel instrument,  developed  for  JPL  by  Barnes  Engineering  Co.,  will  attach  to  the  spacecraft's 
microwave  antenna  to  take  measurements  of  both  planet  radiation  and  background  space 
environment — the  latter  as  an  absolute  temperature  reference.  Instrument  design  allows 
measurements  between  200°K  and  600°K,  with  ability  to  detect  differences  as  small  as 
2°K  at  the  low  temperature  extremes.  Radiant  energy  collected  by  the  two  channels  is fed  to  independent  germanium-immersed  detectors,  then  amplified  and  compressed.  The 
analog  signal  output  is  converted  to  digital  form  before  being  telemetered.  The  channel 
aimed  at  Venus  has  an  8-9  micron  passband.  The  other  channel  is  filtered  to  a  10-10.8 
micron  bandwidth.  Outputs  from  each  channel  go  to  separate  leads  and  are  sampled  once every  20  seconds  for  5  milliseconds. 
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prompted  re-evaluation  of  Centaur's management  and  caused  NASA  to  move 
the  project  to  Lewis  Research  Center 
from  Marshall  Space  Flight  Center. 

•  Interested  leadership — Chairman 
Miller,  who  will  very  likely  remain  in 
his  post  throughout  the  next  session,  is 
reported  to  be  planning  retirement  after 
the  88th  Congress.  But  the  71 -year-old 
Californian  will  not  confirm  these  plans 
and  his  office  denies  knowledge  of  them. 

Miller's  retirement  after  the  next 
Congress  would  leave  the  chairmanship 
to  Rep.  Olin  E.  Teague  (D-Tex.),  who 
is  also  chairman  of  the  Veterans  Affairs 
Committee.  Since  he  cannot  hold  two 
committee  chairmanships  simultane- 

ously, Teague  would  have  to  vacate 
one.  Congressional  observers  believe  he 
would  prefer  to  serve  on  the  Space Committee. 

Teague's  record  of  interest  in  the 
space  program  points  to  increased  delv- 

ing by  the  committee  into  space-man- 
agement problems. 

In  the  unlikely  event  Teague  de- 
clined committee  chairmanship,  it  would 

pass  to  Rep.  Joseph  E.  Karth  (D-Minn.), 
whose  record  includes  chairmanship  of 
the  subcommittee  hearings  that  resulted 
in  the  Centaur  shuffle. 

•  Boost  for  AEC — Strong  backing 
for  the  Atomic  Energy  Commission  as 
a  third  space  agency  came  from  the 
Joint  Committee  on  Atomic  Energy. 
The  SPUR/SNAP-50  hearings  gave  the 
AEC  a  firm  voice  on  design  of  space- 

craft using  nuclear  power. 
The  JCAE  feels  AEC's  lack  of  a 

need  to  prove  "requirements"  before  a 
system  can  be  developed  will  circum- 

vent the  snags  encountered  by  programs 
such  as  RS-70,  Dyna-Soar  and  SNAP- 
50.  Pointing  to  AEC  support  of  the 
nuclear  rocket  when  Air  Force  had  vir- 

tually withdrawn  for  lack  of  a  require- 
ment, congressional  sources  feel  AEC 

will  be  able  to  go  ahead  with  many 
basically  sound  developments  for  which 
there  is  no  established  need. 

Senate  leaders  give  little  indication 
that  hearings  will  be  held  on  the  Ad- 

ministration stand  on  military  uses  of 
space,  despite  the  precedent  set  by  the 
RS-70  hearings.  8 
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Immediate  Boein 

openings  on 

The  advanced  Saturn  will  be  the  free  world's 
largest  rocket  and  one  of  the  first  developed 
specifically  for  scientific  space  programs. 
Boeing  has  been  awarded  primary  develop- 

mental, building  and  test  responsibility  for 
the  advanced  Saturn  first  stage  booster.  This 

uniquely  challenging  program  offers  out- 
standing long-range  career  opportunities  for 

engineers  and  scientists. 
We  suggest  that  you  fill  in  the  professional 
application  form  which  begins  below  and 
continues  on  the  following  page. 

PROFESSIONAL  POSITION  APPLICATION 
(All  replies  held  in  strict  confidence) 

-  MAIL  FORM  TODAY  

Discharge  Date  

Type  of  Discharge- 
Date  of  this  Application- 

Name.  

Social  Security  No- 

Present  Address  

Telephone  No  

Date  of  Birth 

Male             -  Female- 

No.  of  Children  

U.S.  Veteran  

.  U.S.  Citizen. 

Marital  Status, 

Other  Dependents. 

Entry  Date. 

Full  Name  of  Spouse- 

Employer  

Previous  Boeing  Employee  ?    

If  the  answer  to  following  two  questions  is  "yes,"  explain 
on  supplementary  sheet: 

1)  Have  you  any  physical  defects  ? 

2)  Have  you  ever  been  arrested  (except  traffic  and  juvenile)  ? 

HIGHER  EDUCATION 

College  and  Location Dates  I  Degree 
Attended  and  Major 



The  huge  advanced  Saturn  will  stand  about 
350  feet  high  and  measure  33  feet  in 
diameter.  Its  takeoff  weight  is  estimated  at 
approximately  six  million  pounds.  The  Boeing 
first-stage  booster,  powered  by  a  cluster  of 
five  engines,  will  have  a  total  thrust  of 
7.5  million  pounds. 

Boeing's  newly  formed  Saturn  Booster  Branch 
has  a  number  of  long-range  openings  offering 
exceptional  ground-floor  opportunities. 
Immediate  assignments  are  available  to 
engineers  in  the  following  fields  of  interest: 
aerodynamics,  structures,  electronics,  pro- 

pulsion, systems  test,  aeronautical,  reliability, 
vibrations,  acoustics,  loads,  support  equip- 

ment and  electrical,  as  well  as  cryogenics, 
stress  analysis  and  thermodynamics. 

Assignments  will  be  in  New  Orleans  or 
Huntsville,  Alabama.  Other  Saturn  openings 
—  as  well  as  assignments  on  such  additional 
Boeing  missile  and  space  programs  as  the 
Minuteman  ICBM  and  the  Dyna-Soar 
boost-glide  vehicle  —  are  available  at  Seattle, 
Cape  Canaveral  and  Vandenberg  AFB. 
Boeing  pays  travel  and  moving  allowances 
to  newly-hired  engineers. 

You'll  find  space  in  the  application  below 
to  indicate  your  special  interests.  Fill 
in  and  mail  today. 

 FORM  BEGINS 

EMPLOYMENT  HISTORY  (Attach  Resume) 
Firm  Name  and  Address 
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Technical  Countdown 

ELECTRONICS 

Only  Five  Basic  Circuit  Functions  Needed 

Eighty-five  percent  of  the  supporting  flight  electronics 
for  inertial  guidance  systems  could  be  handled  by  only  five 
different  standard  electronic  functions,  according  to  experts 
at  Autonetics  Div.,  North  American  Aviation.  An  intensive 
study  by  the  division  seeking  to  standardize  circuit  functions 
led  researchers  to  limit  required  functions  to  a  general- 
purpose  amplifier,  synchronous  switch,  power  gate,  flip-flop 
and  logic  gate. 

Sun-pumped  Laser  Successful 

First  direct  conversion  of  sunlight  into  a  coherent  infra- 
red beam  has  been  accomplished  by  scientists  at  RCA's 

David  Sarnoff  Research  Center,  Princeton,  N.  J.  In  its  ex- 
perimental system,  RCA  used  a  12-in.  hemispherical  mirror 

for  focusing  the  solar  energy  at  a  calcium-fluoride  crystal 
laser.  The  laser  was  liquid-neon-cooled.  About  50  watts  input 
produced  a  continuous-output  IR  beam  at  a  wavelength  of 
2.36  microns. 

G-20  to  Aid  Ionosphere  Study 

A  Bendix  Corp.  G-20  computer  will  join  the  huge 
Wullenweber  radio  direction  finder  of  the  University  of 

Illinois  in  a  continuing  study  for  the  Navy  of  the  Earth's 
ionosphere.  The  G-20  is  expected  to  enhance  data  handling 
because  of  its  extensive  memory  and  processing  speed.  The 
1 20-pole  Wullenweber  array — 65  ft.  high  and  995  ft.  dia. — 
has  been  operating  for  three  years  and  is  now  reported  to  be 
accurate  to  less  than  0.25°. 

UK  to  Expand  Meteorological  Net 

Over  the  next  year  and  a  half  the  British  will  install  a 
new  meteorological  radar  network  to  obtain  wind  speed  and 
direction  data  up  to  100,000  ft.,  according  to  the  Air  Min- 

istry. Cossor  Radar  &  Electronics  Ltd.  will  supply  1 2  radars 
at  a  cost  of  more  than  $2  million. 

Milky  Way  Radio  Waves  Measured 

University  of  Michigan  radio  astronomers  have  meas- 
ured the  intensity  of  low-frequency  radio  waves  in  the  Milky 

Way  with  a  145-lb.  instrument  package  boosted  1050  miles 
into  space  from  Wallops  Island  last  month.  Interpretation  of 
the  data  will  take  several  months,  but  researchers  hope  to 
find  exact  location  of  an  expected  drop-off  in  electromag- 

netic radiation  intensity  with  decreasing  frequency.  If  found, 
the  decrease  should  reveal  presently  unknown  physical  prop- 

erties of  the  Milky  Way  and  may  help  clarify  theories  con- 
cerning the  origin  of  the  star  system.  Standard  radio  astron- 

omy techniques  are  blocked  from  such  measurements  by  the 
Earth's  ionosphere. 

Solar  Thermo-converters  for  Space  Power 

Wafer-thin  solar  thermoelectric  panels  perfected  by  Gen- 
eral Atomic  Div.,  General  Dynamics,  will  be  checked  out 

aboard  an  experimental  package  to  be  launched  from  Van- 

denberg  AFB  later  this  fall.  The  flat  panels  consist  of  many 
thermoelectric  elements  sandwiched  between  two  thin  metal 
sheets,  one  a  collector  the  other  a  radiator.  Each  panel  will 
produce  0.25  watts  when  exposed  to  full  sunlight.  The 
devices  have  a  high  degree  of  radiation  resistance  because 
of  the  low-purity  levels  in  thermoelectric  materials. 

Thermi-Thermo  Cascaded  Successfully 

A  cesium  thermionic-thermoelectric  cascade  generator 
has  been  built  and  operated  by  scientists  from  Thermo  Elec- 

tron Engineering  Corp.  and  Minnesota  Mining  and  Mfg. 
Co.  The  thermionic  generator,  in  the  shape  of  a  tapered  plug, 
fits  inside  the  thermoelectric  generator.  Waste  heat  rejected 
from  the  thermionic  unit  operating  at  1440°C  passes  directly 
to  the  hot  junction  of  the  thermoelectric  generator  at  about 
500°C.  Overall  power  output  was  15  watts  with  an  efficiency 
of  7.3%.  A  thermal  loss  between  the  generator  surfaces  in 
the  experimental  unit  prevented  full  capacity  operation. 
Thermo  Electron  built  the  thermionic  unit  while  3M  devel- 

oped the  thermoelectric  generator. 

PROPULSION 

Blue  Streak  Still  on  Schedule 

Despite  reduced  funding  and  the  lack  of  military 
requirements,  de  Havilland  reports  its  Blue  Streak  space 
booster  is  on  schedule.  Developers  are  touting  system  re- 

liability after  its  highly  successful  16th  static  firing  at 
Spadeadam  last  month.  Blue  Streak  is  scheduled  for  first 
flight  at  Woomera  late  in  1963,  and  the  first  European  satel- lite is  to  be  launched  in  1966. 

LH2  Sub-Cooled  By  Helium  Gas  Injection 

Prelaunch  problems  with  hydrogen-propelled  vehicles, 
caused  by  environmental  heating  in  the  delivery  tubes,  may 
be  eliminated  by  bubbling  helium  gas  through  the  lines.  Alan 
Schmidt,  National  Bureau  of  Standards,  Cryogenic  Engi- 

neering Labs,  Boulder,  Colo,  investigated  the  technique  under 
NASA  sponsorship.  Evaporating  helium  sub-cools  the  hydro- 

gen sufficiently  to  provide  a  delivery  pump  with  properly 
conditioned  fluid — avoiding  pump  cavitation  and  the  chance 
of  faulty  combustion.  Previous  studies  at  Marshall  Space 
Flight  Center  showed  the  technique  to  be  effective  with 
liquid  oxygen. 

LIFE  SUPPORT 

G  Forces  Produce  Phosphene 

Subjects  undergoing  head-to-toe  acceleration  in  the  Uni- 
versity of  Southern  California's  human  centrifuge  expe- 
rienced sensations  of  light  and  color  when  completely  blind- 
folded. According  to  Dr.  P.  R.  Tobias  of  Aerospace  Corp., 

all  riders  "saw"'  the  phosphene  at  about  3.6  G's.  Reports 
on  its  appearance  were  in  close  agreement  as  to  form  and 
color.  The  discovery  suggests  that  pilots  may  "see"  phos- 
phenes  in  dimly  lit  cabins  and  may  mistake  these  for  actual 
lights.  Sixty  runs  were  made  with  each  subject  wearing  a 
light-tight  mask.  All  experienced  the  phenomenon. 
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space  systems 

Spy  Satellites  Hit  Technical  Snags 

Better  discrimination  capability  required;  Northrop 

simulation  of  celestial  environment  may  provide  solution 

SATELLITES  for  ballistic-missile 
early  warning  and  surveillance  of  space 
targets  are  running  into  technical  ques- 

tions similar  to  those  encountered  in 

the  Navy's  antisubmarine-warfare  prob- 
lem— and  equally  intransigent. 
The  difficulty  in  space  is  to  develop 

systems  sensitive  and  versatile  enough 
to  single  out  potential  targets  from  the 
background  "noise"  of  Earth,  atmos- 

phere and  sky.  To  help  solve  this  prob- 
lem. Northrop  has  begun  a  program  to 

simulate  the  celestial  environment. 
A  further  complication  in  space  is 

the  need  to  find  targets  within  a  rela- 
tively short  time  span;  on  the  other 

hand,  there  is  no  barrier  such  as  water 

to  prevent  "seeing." 
•  Much  money — The  Defense  De- 

partment earlier  this  month  admitted 
it  was  having  trouble  in  its  effort  to 
erect  surveillance  satellite  systems.  As- 

sistant Secretary  of  Defense  John  H. 
Rubel  said  $300  million  has  been  spent 
on  a  MIDAS-type  (  ballistic-missile  early- 
warning)  system  "despite  great  technical 
difficulties  and  disappointments."  He 
added  that  $100  million  more  will  prob- 

ably be  spent  for  further  developments 
in  this  fiscal  year. 

About  $40  million  is  known  to  have 
been  budgeted  this  year  for  the  anti- 
satellite  inspection  system  now  called 
Satellite  Inspector — formerly  SAINT  I. 
This  program  was  to  be  ready  for  feasi- 

bility demonstrations  this  past  April, 
but  has  already  slipped  at  least  six  to 
seven  months. 

Only  the  reconnaissance  satellite 
SAMOS  is  operational  or  close  to  it. 
DOD  reportedly  is  getting  data  from 
this  system. 

•  Detection  and  classification — The 
Satellite  Inspector  will  use  television 
cameras  as  optical  sensors.  These,  to- 

gether with  a  means  for  separating 
satellites  or  missiles  from  the  back- 

ground, make  up  the  detection  system. 
The  classification  problem  has  to 

consider  the  ephemeris  of  all  known 

by  William  Belter 

circum-Earth  space  objects:  moreover, 
the  problem  of  recognizing  and  dis- 

regarding decoys  has  to  be  solved  be- 
fore an  offensive  Inspector  can  be 

developed. 
The  system  will  undoubtedly  have 

feed-ins  from  ground-based  systems 
such  as  SPADATS  (Air  Defense  Com- 

mand's Space  Detection  and  Tracking 
Systems):  in  turn,  the  system  will  feed 
SPADATS. 

The  Inspector  probably  will  generate 
data  in  ground-based  computers  of  its 
own:  there  appears  to  be  no  other 
feasible  way  to  store  and  compare 
standard  celestial  patterns  with  those 
glimpsed  by  the  Inspector — a  potential 
target  would  be  any  object  seen  by 
the  Inspector  but  not  in  the  standard 

patterns. •  Simulation  work  —  The  celestial 
inputs  needed  for  space  observational 
systems  and  the  techniques  for  getting 
them  were  outlined  in  a  recent  study 
by  L.  L.  Collins  and  R.  B.  Freund  of 
Northrop  Space  Laboratories.  Their 
work  is  part  of  a  plan  to  simulate  the 
celestial  background  perceived  by  space- 

craft sensors  seeking  possible  space 
targets  or  points  for  space  navigation. 

The  work  is  in  an  early  stage.  The 
dynamic  celestial  backgrounds  studied 
are  those  seen  by  an  observer  in  a  cir- 

cular orbit  coplanar  with  a  target — a 
satellite  or  newly  launched  missile.  Fu- 

ture plans  call  for  removing  the  co- 
planar  and  circular  orbit  restrictions. 

Earth,  atmosphere  and  lunar  back- 
grounds will  also  be  investigated,  simu- 

lated and  coupled  with  the  celestial 
background  for  composite  dynamic 
background  computations. 

The  reason  is  that  sometimes  a  sat- 
ellite observer  watching  the  flight  of  a 

ballistic  missile  will  have  only  Earth  in 
his  field  of  view:  at  other  times,  the 
view  may  lift  to  include  the  atmosphere 
and  then  the  stars.  Most  often,  however, 
the  observer  will  see  the  three  back- 

grounds at  differing  times  and  possibly 

the  Moon,  particularly  when  the  target 
is  another  satellite. 

•  Celestial  backgrounds — Stars,  star 
groups  and  nebulae,  and  solar-system 
objects  comprise  the  celestial  backdrop 
for  finding  potential  targets. 

The  star  groups,  galaxies  and  nebu- 
lae complicate  the  discrimination  prob- 
lem because  of  their  finite  angular  size 

and  the  variations  in  brightness  across 
the  observed  disk.  Northrop  reports 
that  isophotal  contour  studies  are  being 
made  of  these  celestial  objects  brighter 
than  the  eighth  magnitude.  The  results 
will  be  included  in  the  simulation 

program. The  planets  may  also  be  part  of  the 
observed  celestial  background.  Collins 
and  Freund  say  they  are  studying  equa- 

tions for  obtaining  approximate  values 
of  the  planetary  intensities  observed 
from  a  space  vehicle  as  functions  of 
their  phase  angles,  ranges  and  time. 
Appropriate  lunar  and  solar  character- 

istics are  also  being  studied,  the  scien- tists say. 

Simulations  of  the  Sun.  Moon, 
planets  and  stars  comprise  the  proposed 
celestial-background  program. 

•  Stars  major  concern — The  stars 
are  the  most  important  units  because 
they  are  the  most  numerous  space  ob- 

jects: the  Northrop  study  therefore  puts 
primary  emphasis  on  simulating  the 
stellar  background. 

The  initial  problem  is  to  determine 
the  position,  visual  magnitude  and  spec- 

tral class  of  each  star  within  the  ob- 
server's field  of  view.  The  Boss  star 

catalog,  available  on  IBM  cards,  was 
selected  for  use  in  the  simulation  studies 
because  it  includes  the  needed  informa- 

tion for  all  stars  brighter  than  eighth 
magnitude — approximately  33,000. 

Northrop  is  developing  computer 
programs  that  employ  binary  tapes  of 
the  Boss  catalog  to  extract  data  on  the 
stars  within  the  boundaries  of  a  given 
field  of  view;  the  amount  of  data  taken 
is  limited  by  the  presumed  sensitivity 
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of  the  observing  system.  Inputs  to  these 
programs  are  the  direction  of  the  optical 
axis  of  the  observing  system  plus  the 
boundaries  of  the  desired  portion  of  the 
system's  field  of  view.  All  these  data will  be  stored  and  used  in  the  simula- 

tion program. 
For  a  satellite  inspector,  the  stored 

data  would  be  continuously  compared 
with  the  sky  views  observed:  any  for- 

eign object  would  automatically  be 
noted  and  analyzed. 

•  Coordinates  of  a  star — In  the  sys- 
tem, stellar  position  is  given  in  terms 

of  declination — the  arc  from  the  celes- 
tial equator  to  the  star  measured  along 

the  great  circle  passing  through  the  star 
and  the  celestial  poles,  and  right  ascen- 

sion— the  arc  from  the  vernal  equinox 
eastward  to  this  great  circle. 

•  Star  brightness — The  brightness 
of  a  star  is  measured  in  terms  of  a 

"magnitude"  scale — a  logarithmic  divi- 
sion in  which  five  brightness  units  rep- 

resent a  brightness  ratio  of  100.  Each 
step  in  magnitude,  therefore,  is  equiva- 

lent to  a  step  in  brightness  of  2.512 — 
the  fifth  root  of  100. 

Originally,  stars  were  classified  from 
the  first  to  sixth  magnitude,  where  the 
sixth  represents  the  perceptiveness  limit 
of  the  unaided  eye.  But  the  current 
magnitude  scale  includes  zero  and  nega- 

tive numbers:  Venus  is  —  4,  10,000 
times  brighter  than  a  sixth  magnitude 
star;  the  Sun  is  —27. 

Approximate  number  of  stars 
brighter  than  a  certain  magnitude: 
sixth,  1620;  tenth,  324,000;  fifteenth, 
32-million;  twentieth,  1 -billion. 

•  Star  classes  —  Stars  are  usually 
grouped  according  to  the  characteristics 
of  their  spectra.  These,  in  turn,  are  a 
function  mainly  of  stellar  atmospheric 
temperatures. 

Arranged  in  terms  of  decreasing 
temperature,  the  spectral  classes  are  in 
the  sequence  O-B-A-F-G-K-M — per- 

haps remembered  with  the  aid  of  the 
mnemonic:  Oh  be  a  fine  girl,  kiss  me! 
In  addition  to  this  main  sequence  are 
classes  R,  N  and  S — relatively  cool 
groups  of  stars  in  which  appear  the 
molecular  spectra  of  hydrocarbons  and 
cyanogen. 

The  higher  the  star  class,  the  more 
strongly  ionized  are  the  atmospheres  of 
its  members:  in  class  O,  for  instance, 
helium  is  ionized;  class  B,  helium  is 
neutral;  class  A,  weak  metallic  lines 
appear;  class  F,  the  metallic  lines  are 
stronger;  class  G,  our  Sun's  spectrum 
appears;  classes  K  and  M,  hydrogen 
and  potassium  lines  are  very  strong. 

Clearly,  there  is  no  lack  of  sky  data 
for  a  satellite  inspector  or  spacecraft 
navigation  system  to  use.  What  is  diffi- 

cult is  deciding  on  practicable  sets  of 
sensors  and  logic  circuits. 
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The  new  significance  of  the 



When  the  Arctic  skies  are  ablaze  with  the  aurora 

borealis,  scientists  know  that  a  solar  storm  has 

hurled  dangerous,  high-energy  particles  deep  into 

space.  Today  the  Northern  Lights  have  an  omi- 

nous new  significance:  the  particles  that  cause 

them  might  be  fatal  to  astronauts.  Our  scientists 

are  working  with  the  University  of  Alaska  and  the 

Air  Force  in  a  Navy-sponsored  study  of  the 

Northern  Lights  to  measure  solar  particles  that 

disrupt  communications  and  threaten  space  trav- 

elers. The  problem  of  Man  in  Space  now  occupies 

many  of  our  3300-man  research  and  engineering 

staff:  how  to  propel  him  around  the  solar  system . . 

how  to  communicate  with  him  en  route . . .  how  to 

keep  him  healthy  and  happy  and  well  fed. 

Broad  scientific  capabilities,  backed  by  skilled 

management  and  modern  facilities,  enable  us  to 

undertake  the  nation's  most  difficult  military 
and  civilian  space  assignments. 

LOCKHEED  MISSILES  &  SPACE  COMPANY 

Sunnyvale,  California  »  A  Group  Division  of  Lockheed  Aircraft  Corp. 
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space  electronics 

Syncom  Satellites: 

S-Band  Frequencies 

Viewed  as  Key  Link 

Utica,  N.  Y. — Two  IBM  scientists 

report  that  the  low  and  middle  S-band 
(1.5-5.2  Gc)  microwave  frequencies 

may  be  more  feasible  than  either  milli- meter or  optical  wavelengths  for  linking 
synchronous-altitude  satellites. 

Many  observers  believe  it  is  prefer- 
able to  use  microwaves  for  many  sat- 

ellite-to-satellite communication  links 
where  security  is  not  essential.  They 
contend  that  this  method  is  at  present 

superior  to  higher-frequency  systems — 
primarily  because  of  the  stabilization 
tolerances  presently  achievable  in  sat- ellites. 

A  paper  by  Dr.  C.  M.  Johnson  and 
Kenneth  E.  Neibuhr  of  IBM's  Com- munications Center  in  Rockville,  Md., 

points  out  that  nominal  beamwidth  tol- erance for  an  S-band  system  at  ranges 

of  roughly  45,500  miles  (the  estimated 
distance  between  two  synchronous-alti- 

tude ComSats)  would  be  about  4  deg. 
At  the  higher  frequencies  the  angle 
narrows  considerably:  to  about  1  deg 
at  X-band,  3  minutes  of  arc  in  the 
millimeter  region,  and  10  seconds  of 
arc  with  optical  frequencies. 

The  Johnson-Niebuhr  paper,  pre- 

sented  at  the  IRE's  8th  National  Com- 
munications Symposium  here,  also  re- 

ports that  studies  of  galactic  noise  show 
a  preference  for  system  operation  above 
1  Gc,  and  that  transmitter  power  and 

antenna  size  requirements  favor  opera- tion above  2  Gc. 

Building  the  case  for  S-band  as  most 
feasible  within  the  microwave  region, 

the  authors  report  that  favorable  trade- 
offs can  be  made  in  antenna  size  versus 

increased  transmitter  power.  As  long  as 

transmitter  power  can  be  kept  to  within 

a  few  watts,  they  claim  a  distinct  advan- 
tage can  be  gained  through  newly  avail- able solid-state  S-band  power  sources 

such  as  varactor  harmonic  generators. 
These  devices  are  said  to  offer  weight, 

reliability,  and  life-time  advantages  over 
other  thermionic  sources. 

In  discussing  the  major  roadblocks 
to  use  of  millimeter  and  optical  de- 

vices, the  paper  concludes  that  milli- 
meter systems  are  presently  hampered 

most  by  lack  of  efficient  and  reliable 
transmitter  power  sources,  and  that 

optical  links  for  satellite  communica- 
tion applications  will  suffer  from  serious 

quantum  noise  limitations  in  addition  to 

the  problems  posed  by  high  power  re- 
quirements, lack  of  efficient  CW  sources, 

and  pointing  accuracy  problems.  « 

Only  SBB  patented  construction  offers  so 
many  advantages: 

•  UP  TO  62%  GREATER  LOAD 
CAPACITY 

•  UP  TO  400%  GREATER  LIFE 

•  LOWER  TORQUE 

•  LESS  DEFLECTION 

•  ONE-PIECE  RETAINER 

•  '  SPACE  SAVING 

SPECIAL  DESIGNS 

to  meet  unusual  requirements 

SPLIT  BALLBEARING 
DIVISION     OF    M.  P.  B.  INC. 

LEBANON  9,  NEW  HAMPSHIRE 
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space  systems 

Hydraulic  System  May  Aid  in  Re-entry 

Republic  lab  tests  at  1000°  successful; 
radiation  test  results  also  look  promising 

by  Michael  Getler 

Farmingdale,  N.  Y. — Five  years  of 
Air  Force-backed  research  in  high-tem- 

perature hydraulic  systems  has  yielded 
a  prototype  fly-by-wire  primary  control 
system  able  to  operate  under  high  pres- 

sures and  extreme  re-entry  heat  condi- 
tions. 

The  system,  developed  in  the  Fluid 
Systems  Laboratory  at  Republic  Avia- 

tion Corp.,  has  also  shown  excellent 
operating  characteristics  under  severe 
radiation  conditions. 

Republic  has  been  working  in  high- 
temperature  fluid  research  since  1952, 
with  most  of  the  earlier  work  centered 
on  high-performance  aircraft  require- 

ments. In  recent  years,  supported  by  a 
string  of  contracts  from  Aeronautical 
Systems  Division  at  Wright-Patterson 
AFB  totaling  about  $2.3  million,  the 
firm  has  moved  into  the  operating  tem- 

perature range  likely  to  be  encountered 
by  manned  space  vehicles  of  the  X-20 
or  Aerospace  Plane  type. 

In  contrast  to  the  275-350°F  fluid 
temperatures  that  must  be  withstood  in 
current  high-Mach  number  aircraft  such 
as  the  F-105D  or  B-58,  the  500°F 
anticipated  for  the  RS-70,  or  650°F 
for  a  supersonic  transport,  scientists 
here  point  out  re-entry  control  systems 
must  function  in  1000°F  fluid  and 
1200°F  ambient  environments. 

Though  re-entry  control  may  not  be 
a  requirement  for  some  time  in  the  civil- 

ian manned  space  program,  Republic 
scientists  feel  it  will  be  essential  for  mil- 

itary space  projects  where  pinpoint 
landing  capabilities  are  required. 

The  Republic  effort,  in  addition  to 
hydraulic  fluid  studies,  recently  has  ex- 

tended to  development  of  component 
hardware. 

A  complete  system,  built  and  tested 
here  and  also  tested  at  a  West  Coast 
nuclear  reactor  facility,  has  been  shown 
capable  of  operating  for  extended  peri- 

ods at  fluid  temperatures  of  1000°F 
and  ambient  temperatures  of  1200°F, 
under  operating  pressures  of  4000  psi, 
and  under  extended  3-mw  radiation  dos- 

ages (the  radiation  tests  were  made  at 
somewhat  lower  temperatures). 

•  Fluid  choice — In  selecting  fluids, 
judged  to  be  the  most  critical  portion  of 
the  development  program,  Republic  set- 

tled on  mixed  polyphenyl  ether  after 
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studies  that  also  included  investigations 
of  mineral  oils,  the  esters,  silanes,  sili- 

cones, silphenylenes,  and  liquid  metals. 
William  Mayhew,  fluid  systems  lab 

supervisor  here,  points  out  that  though 
some  liquid  metals  can  withstand  high- 

er temperatures  than  organic  polyphenyl 
ether,  the  liquid  metals  are  very  dif- 

ficult to  handle  with  current  technology 
and  present  a  severe  contamination  prob- 

lem because  of  alloy  corrosion  of  com- 

ponents. For  extended  operation  at  tempera- 
tures beyond  re-entry  extremes,  May- 

hew  says  liquid  metals,  with  their  high 
thermal  stability  and  compressibility  are 
the  only  possibility.  However,  a  com- 

plete development  program  is  required, 
including  component  hardware  R&D. 

Scientists  here  say  it  will  be  several 
years  before  the  state-of-the-art  in  hy- 

draulic system  components  will  be  ad- 
vanced enough  to  allow  compatibility 

with  liquid  metals. 
Republic  recommends  use  of  the 

polyphenyl  ether  for  re-entry  vehicle 
control  systems  operating  at  1000°F  fluid 
temperatures  and  1200°F  ambient  for 
1-5  hours.  The  ether,  available  at  about 
$180  per  gallon,  is  economical  in  com- 

parison to  some  other  compounds. 
Furthermore,  scientists  note,  ether 

has  good  lubrication  qualities,  is  fire- 

VAR1-DRIVE 

resistant,  non-corrosive,  and  displays  ex- 
cellent radiation  resistance.  While  its 

decomposition  point  is  lower  than  that 
of  liquid  metals,  engineers  were  able  to 
make  the  ether  workable  for  a  conserva- 

tive 1-5  hr.  period  at  1000°F  through 
advancements  in  system  components. 

•  Component  advances  — -  Though 
component  development  was  considered 
less  a  problem  than  fluid  selection,  Re- 

public, in  conjunction  with  several  sub- 
contractors, reports  several  major  new 

hardware  advances  for  high-tempera- 
ture systems. 

Included  in  this  category  is  a  vari- 
able-delivery hydraulic  fluid  pump,  de- 

veloped by  the  Bendix  Aerospace  Div. 
at  South  Bend,  Ind.,  capable  at  fluid 

inlet  temperatures  up  to  700°F  of  flow 
rates  up  to  8  gpm  at  4000  psi  and  oper- 

ating at  up  to  8000  rpm.  In  100-hr. 
qualification  tests,  25  of  which  were 
at  700°  and  75  at  between  350-450°, no  failures  were  recorded. 

Successfully  qualified  under  1200° 
ambient  and  1000°  fluid  temperatures  in 
100-hr.  tests  was  a  new  flexible  metallic 
hose  developed  by  the  Flexonics  Div.  of 
Calumet  and  Hecla,  Inc.,  Maywood,  111. 
The  hose  is  used  in  system  design  to 
provide  greater  packaging  flexibility 
than  can  be  achieved  with  standard  rigid 
coiled  tubing. 

ACTUATOR 

SIMULATED  CONTROL 
SURFACE  INERTIA 

HEAT  EXCHANGER 

I       FRICTION  INPUT 
(BRAKE) 

TORQUE  BAR 

TEST  SETUP  for  control  system  simulates  temperatures  likely  to  be  encountered  at 
various  hydraulic  system  locations  on  space  vehicle. 
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Also  tested  under  these  time  and 
temperature  extremes  was  a  new  elec- 

tro-hydraulic servo-valve  assembly.  The 
valve,  an  acceleration  switching  type, 
mounts  directly  to  the  actuator  and  uses 
no  magnetic  materials. 

Mayhew  points  out  that  most  mag- 
netic characteristics  are  lost  in  systems 

that  operate  beyond  about  800°F.  The 
present  state-of-the-art  for  servo-valve 
operation,  he  reports,  is  about  400°F. 
The  Bendix  Research  Laboratory  and 
Bendix-Pacific  combined  on  the  servo- 
assembly  development,  with  the  Labor- 

atory also  turning  out  the  servo  torque 
motor. 

To  round  out  additional  new  com- 
ponent needs,  Republic  has  evolved, 

from  an  in-house  design,,  a  balanced, 
single-section  (for  test  only),  two- 
stage  hydraulic  actuator  with  a  thrust 
at  4000  psi  differential  pressure  of  27.- 
100  lbs.;  also,  a  proprietary  V-shaped 

metallic  seal,  and  a  series  of  brazed 
fittings. 

•  More  work  needed — In  empha- 
sizing the  still  basic  nature  of  the  ex- 
treme high-temperature  hydraulic  sys- 

tem evolved.  Republic  scientists  point 
out  several  areas  where  improvements 
in  design  and  components  may  be  de- 
sirable. 

These  include:  a  method  of  fluid 
control  that  allows  removal  of  some 
degraded  fluid  and  replacement  to  in- 

crease endurance  under  high  tempera- 
tures; development  of  pumps  with  fluid 

inlet  temperature  operating  capabilities 
of  at  least  800°F,  considered  to  be  more 
realistic  in  terms  of  packaging  require- 

ments for  an  operational  vehicle:  inves- 
tigation of  rotary  actuators  to  replace 

linear  devices,  also  for  packaging  advan- 
tages; improved  fluid  reservoir  design; 

and  a  host  of  component-improvement 
studies  covering  both  manually  and  sole- 

noid-actuated directional  control  valves, 
self-sealing  couplings,  shuttle  valves,  and 
thermal  relief  valves. 

Republic  engineers  installed  the  unit 
in  a  three-chambered  180-kw  oven  to 
test  the  entire  system.  Oven  tempera- 

tures were  divided  to  simulate  levels 
likely  to  be  encountered  in  various  hy- 

draulic system  locations  on  the  vehicle. 
The  first  chamber,  representing  the 

fuselage,  was  kept  at  700°F  for  the 
maximum-temperature  runs;  the  second 
chamber,  simulating  the  wing  section, 
heated  the  lines  and  fluid  to  1000 J 
(maximum  1300°  ambient);  and  the 
third  compartment,  representing  the 
wingtip  of  the  vehicle  and  working  actu- 

ator portion  of  the  control  system,  was 
maintained  at  1000°  fluid  and  1200° ambient. 

•  Test  results — Recently  completed 
endurance  tests  of  the  whole  system  op- 

erating under  load  (±20,000  lbs.)  eval- 
uated performance  at  100°  increments, 

beginning  at  700°F  fluid  temperatures 
in  the  actuator  section.  Starting  at  this 
level  already  indicates  a  state-of-the-art 
advance,  says  Mayhew. 

The  system,  according  to  Republic, 
showed  trouble-free  operation  when 
tested  at  700°  for  50  hrs.,  800°  for  25 
hrs.,  900°  for  10  hrs.,  and  1000°  for 
1.8  hrs.  The  1000°  test  was  actually 
run  for  4  hrs.,  but  the  system  was  oper- 

ating above  900°  but  below  1000°  for 2.2  of  the  4  hrs. 
Mayhew  reports  system  performance 

at  some  of  these  levels  can  be  extrapo- 
lated far  beyond  those  attained  in  first 

tests.  The  same  fluid  was  used  for  all 
tests. 

Preliminary  analysis  of  radiation 
tests  just  completed  at  the  Convair/Ft. 
Worth  radiation  facility  on  a  small- 
scale  unshielded  version  of  the  hydraulic 
system  showed  no  serious  hardware  or 
fluid  degradation  after  a  4-hr.  3-mw 
dose,  with  the  system  operating  under 
load  at  800°  fluid  temperature. 

Mayhew,  claiming  that  the  system 
was  not  pushed  to  maximum  in  the  ini- 

tial runs,  says  it  can  withstand  an  even 
more  severe  environment.  The  4-hr. 
dose,  according  to  Republic,  adds  the 
equivalent  of  another  100°F  to  the 
system.  Polymerization  of  the  fluid, 
causing  breakdown,  is  essentially  the 
same  from  excessive  radiation  or  tem- 

perature exposure. 
Republic  officials  see  major  applica- 

tions for  systems  of  this  type  in  both 
military  and  civilian  manned  spaceflight 
programs,  with  military  usage  likely  to 
come  first.  Its  current  availability,  they 
feel,  could  also  make  it  a  good  bet  for 
early  testing  with  Aerospace  Plane,  if 
the  project  gets  the  go  ahead.  Other 
roles  envisioned  are  in  booster-engine 
gimballing.  and  for  the  fluid,  as  a  heat 
exchanger  for  nuclear-propelled  space- craft. H 
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Greater  Mobility 

and  Reliability  for 

Weapon 

j.  T 

Missile  support 

Air 
transportable 

Ground 
checkout 

AiResearch  gas  turbine  generator  sets  are  now 

providing  precise  electrical  power  for  mobile 

weapon  systems  in  compact  packages  less  than 

half  the  size  and  weight  of  previous  systems. 

These  simplified  power  packages  have  fewer 

parts  and  provide  dependable,  quick  starting 

and  continuous  trouble-free  operation  in  any 
weather  extreme. 

Typical  AiResearch  gas  turbine  generator  set 

Starting,  loading  and  shutdown  are  com- 

pletely automatic,  push-button  operations.  And 

each  package  has  scientifically-designed  sound 
attenuation  to  minimize  noise. 

AiResearch  is  a  leader  in  the  design  and  pro- 

duction of  small  gas  turbine  engines  and  power 

conversion  equipment.  Please  direct  your 

inquiries  to  the  AiResearch  Phoenix  Division. 

AIRESEARCH  MANUFACTURING  DIVISIONS  •  Los  Angeles  45,  California  •  Phoenix,  Arizona 

Systems  and  Components  for: 
Aircraft,  Missile,  Spacecraft,  Electronic,  Nuclear  and  Industrial  Applications 

Circle  No.  8  on  Subscriber  Service  Card 
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NEW  opportunities  in 
MISSILE  ENGINEERING 

for: 

^*  PHYSICISTS  J 
MECHANICAL  & 
ELECTRICAL 

DESIGN  ENGINEERS 

SYSTEMS 
ENGINEERS 

Hughes  Tucson  Engineering  Lab- 
oratory again  expands  its  scope 

of  operations!  State-of-the-art 
advances  in  missile  and  space 
engineering  create  many  chal- 

lenging new  opportunities. 
Engineering  effort  at  Hughes 
Tucson includesoperational  and 
advanced  missiles  as  well  as 
sub-system  designs  for  space 
programs. 
Specific  areas  of  immediate  need 
include: 
•  Controls 
•  Circuit  Design 
•  Infrared  Theory 
•  Ordnance  Systems 
•  Transistor  Techniques 
•  Mechanical  Time  Systems 
•  Electromechanical  Design 
•  Microwave  Antenna 

Design 

Engineers  and  Physicists  who 
like  to  work  on  important  prob- 

lems will  find  this  dynamic  or- 
ganization an  ideal  environment 

in  which  to  exercise  their  creative 
talents. 

If  your  goals  include — working  on 
vital  projects  with  recognized 
leaders— living  in  the  heart  of  a 
healthful,  year-around  vacation- 
Ian  d -co n ti n u i ng  advanced 
studies— and  contributing  to  the 
Nation's  defense  while  securing 
your  own  future  —  send  your 
resume  to  MR.  W.  A.  BARNES. 

Creating  a  new  world  with  Electronics 

management 

Cost  Consciousness  Yields 

Bullpup  Engine  Savings 

by  John  F.  Judge 

Bristol,  Pa. — Cost-conscious  man- 
agement at  the  Reaction  Motors  Div. 

production  plant  of  Thiokol  Chemical 
Corp.  saved  about  $1.2  million  here  in 

the  first  production  run  of  the  Navy's Bullpup  prepackaged  liquid  engine  (LR 58). 

This  cost  comparison  is  based  on 
original  budget  estimates,  since  the 
LR58  production  run  represented  the 
first  prepackaged  liquid  engine  assembly 
line  of  its  kind,  but  RMD  spokesmen 
consider  it  valid.  None  of  the  items  in 
the  compilation  resulted  from  the  kind 
of  savings  normally  associated  with 
large-volume  production. 

Each  saving  was  effected  through 
specific  and  detailed  investigations  into 
every  phase  of  the  engine's  production schedule.  Some  came  from  applying 
machining  innovations,  others  through 
new  metalworking  capabilities  not  avail- 

able at  the  time  of  the  original  estimate. 
The  RMD  production  plant  has 

standard  floor  equipment,  common  to 
any  major  metal-fabricating  manufac- 

turer. Most  of  the  savings  appeared  as 
changes  in  production  flow,  engine  part 
design,  or  reduction  in  man-hours. 

•  Broadly  based — Cost  vigilance  is 
a  company  policy,  reaching  the  shop 
floor  through  an  actively  promulgated, 
two-way  suggestion  system.  Any  em- 

ployee's idea  may  be  considered  by 
management.  Management  in  turn  fol- 

lows through  by  answering  each  sug- 
gestion, detailing  the  reasons  for  ac- 

ceptance or  rejection. 
The  million-dollar-plus  figure  is  the 

result  of  innumerable  savings,  some 
large  and  some  relatively  small.  Cost- 
cutting  steps  during  contract  work 
included: 

—  Replacement  of  Vs-in.-dia.  rods 
with  %r,-in-  rods  cut  $181.71  from 
the  original  ceramic  spray-coating  op- 

erations on  the  chamber  and  nozzle  of 
each  engine.  (All  cost  figures  are  based 
on  a  single  engine.) 

—Design  of  a  simple  center-head 
inspection  fixture  eliminated  1 1  hand- 
measuring  operations  rated  at  $3.15. 
A  similar  step  in  the  adapter  inspection 
area  replaced  1 3  manual  operations  at 
$0.75  per  engine. 

—Redesign  of  oxidizer  fill  ports, 
dropping  one  drilling  operation,  saved 
$2.40. 

PREPACKAGED  engines  are  loaded  at 
the  RMD  production  facility.  Here  fuel  is 
metered  into  a  Bullpup  engine  in  one  of 
the  last  production  steps. 

—Design  of  another  fixture  which 
stepped  up  the  X-ray  inspection  rate  in 
center  section  checking,  saving  $1.50. 

—Adoption  of  a  Polaroid  Land 
camera  in  recording  propellant  loading 

data  trimmed  $2.85  from  each  engine's cost. 
—Redesigning  the  safety  switch  and 

resistor  assembly  to  accommodate  a 
single  electrical  harness  simplified  the 
component  and  saved  $8.62. 

—Changing  to  a  one-piece  stamping 
in  fabricating  the  diffuser  assembly, 
instead  of  the  original  three-part  weld- 
ment,  saved  $21.24. 

—A  change  in  the  operating  se- 
quence involving  machining  of  sealing- 

ring  grooves  in  the  detail  part  rather 
than  in  the  assembly  cut  off  another 

$3.95. —Work  measurement  procedures 
resulting  in  production  standards  as- 

suring equitable  contributions  from 
each  employee  shaved  $63  per  engine. 

—A  shift  to  decals  instead  of  sten- 
ciling saved  $1.46,  and  another  $4.50 

was  realized  by  installing  a  deburring 
machine  for  center  headers. 

—Buying  a  fuel  tank  forging  rough- 
machined  cost  Thiokol  a  nickel  more 
per  unit  but  cut  LR58  labor  costs  by 
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7,000  gal.  titanium  tank 

for  liquid  hydrogen 

built  by  Beech  Aircraft 

able  on  ̂ Tj^ajiiiim'si 

cryogenic  properties 

Titanium  can  hold  more  liquid  hydrogen  at  less 
tank  weight  than  any  other  material  and  still  give 
you  impermeability  to  hydrogen,  generous  elonga- 

tions and  notch  toughness  at  — 423F. 

Some  specifics.  The  liquid  hydrogen  tank  shown 
here  was  built  and  successfully  hydrostatically 
tested  by  Beech  Aircraft  Corp.  Capacity:  7,000 
gallons.  It  was  fabricated  from  sheet  supplied  by 
Titanium  Metals  Corporation  of  America  to  less 
than  AISI  tolerances,  in  thicknesses  ranging  from 
0.014  to  0.025  inches. 

Cryogenic  alloys.  The  alloy  used  was  Ti-6A1-4V 
ELI,  one  of  two  alloy  grades  advanced  by  TMCA 
specifically  for  liquid  hydrogen  service.  The  other 
grade  is  Ti-5Al-2.5Sn  ELI.  The  designation  ELI 
stands  for  Extra-Low  Interstitials.  Typical  proper- 

ties of  these  grades  at  — 423F: 
Ti-6AI-4V  ELI:  tensile  strength,  263  ksi;  yield 
strength,  248  ksi;  notch  tensile  strength,  211  ksi; 
elongation,  7%. 

Ti-5AI-2.5Sn  ELI:  tensile  strength,  229  ksi;  yield 
strength,  206  ksi;  notched  tensile  strength,  233  ksi; 
elongation,  15%.  Compare  these  properties  with 

stainless  and  aluminum.  You'll  see  why  titanium 
guarantees  more  payload! 

Then  contact  TMCA,  the  nation's  only  firm  de- 
voted exclusively  to  titanium  and  the  only  company 

providing  the  full-time  comprehensive  technical 
service  you  require.  Phone,  write  or  wire  TMCA 
for  cryogenic  data  today. 

TIMET> \  \  1 1  ta  n  i  u  m 

TITANIUM  METALS 
CORPORATION  OF  AMERICA 
233  Broadway,  New  York  7,  N.  Y. 
NEW  YORK  ■  CLEVELAND  •  CHICAGO  •  DALLAS  ■  LOS  ANGELES 



ONE  EXAMPLE  of  process  cost  reduction  involved  a  switch 
from  an  oxidizer  tank  and  ring  forging  assembly  to  a  one-piece 

oxidizer  tank  forging  through  a  capability  that  didn't  exist  at  the 
time  the  original  cost  estimate  was  made. 

$3.85.  Purchase  of  the  oxidizer  as  a 
rough-machined  forging  saved  another 
$16.33  in  labor  and  material  costs. 

The  forging  capability  illustrated 
was  not  available  at  the  time  of  the 
original  engine  cost  estimates.  But  the 
single  innovation  also  resulted  in  a 
number  of  hidden  savings — evidenced 
by  the  man-hour  and  part  movement 
reductions. 

In  another  instance,  Thiokol  in- 

vested $17,400  in  an  automatic  X-ray 
film  developer  that  cut  the  cost  of  X-ray 
film  processing  alone  by  $4.35  per  en- 

gine. The  additional  savings  in  person- 
nel, processing  rooms  and  time  based 

on  the  plant's  former  equipment  is  not 
represented  here. 

The  prepackaged  engines  are  shipped 
from  the  RMD  plant  loaded  and  ready 
to  fire.  The  unit  is  essentially  two  fuel 
chambers  with  a  simple  mixing  valve 

connecting  both  with  the  combustion 
chamber.  Start  of  the  ignition  sequence 
actuates  the  only  moving  part,  which 
shears  open  several  injection  orifices, 
allowing  fuel  and  oxidizer  to  mix  in  the 
combustion  area.  The  mixture  ignites 
on  contact,  burning  with  a  smokeless flame. 

The  Bullpup  is  assembled  by  the 
Martin  Co.  Both  the  Navy  and  the  Air 
Force  have  ordered  the  weapons.  8 

Insist  on 

[nIational ^-*^00***  TRADE  MARK 

HI-INTENSITY 

ARC  CARBONS 

The  nearest  man-made  approxi- 
mation to  solar  radiation  is  the 

carbon  arc ! 
No  other  light  source  provides 

the  radiant  intensity  and  spec- 
tral distribution  so  necessary  to 

dependable  space  simulation  . . . 
for  environmental  testing  of 
space  vehicles  and  components 
and  calibration  of  solar  cells. 

Whatever  your  light-source 
problem  in  solar  simulation,  con- 

tact National  Carbon  Company. 

10 
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SOLAR  SIMULATION 

needs  spectral  quality  of  carbon  arc... 
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ENERGY  DISTRIBUTION  OF  THE  SUN  <m  =  01  -ADJUSTMENT  FACTOR FROM  JOHNSON  (HANDBOOK  OF  GEOPHYSICS,  I960;  p.  I6-16J 

?  5  X10' 
I 

j 
.  SPE /  INT CTRAl  ENEB ENSITY  13.6MA 3Y  DISTRIBU 

\  BABE  CAR  BO ION  OF  THE N  ARC  AT I6G HIGH 
AMPS 

WAVELENGTH  -  MICRONS  00 

HERE'S  PROOF!  The  above  chart  illustrates  the  excellent  match  of  the  bare  13.6mm 
carbon  arc  spectrum  and  the  solar  spectrum  as  encountered  above  the  earth's  atmosphere. 
For  comprehensive  data,  request  a  copy  of  "Studies  in  the  Spectral  Energy  Distribution  of 
Different  Light  Sources  in  Connection  With  Solar  Simulation,"  a  report  from  National 
Carbon's  Development  Laboratories. 

"National,"  and  "Union  Carbide" 
are  registered  trade-marks  for  products  of 

NATIONAL  CARBON  COMPANY 
Division  of  Union  Carbide  Corporation  •  270  Park  Avenue  •  New  York  17,  N.  V. 

In  Canada:  Union  Carbide  Canada  Limited,  Toronto 

34 Circle  No.  10  on  Subscriber  Service  Cord 



~i  h Of  interest  to  engineers  and  scientists 

,oneo 

This  Douglas  program  is  being  conducted  in      '  Skybolt,  Saturn  IV,  Rebound,  and  others.  Out- cooperation  with  the  National  Science  Founda 
tioh  with  these  objectives 

To  investigate  the  apparent  existence  of 
world-wide  semi-annual  variation  in  the  occur 
rerfce  (j>f  p61ar  leap  i  absprptjion  jeveftts;  H:o  detei > 

as 

standing  positions  are  now  open  in  practically 
all  scientific  and  engineering  fields  related; to 
missije  systems  and  space  exploration. 

Scholarships  and  financial  assistance  are 
available  to  continue;  your  studies  in  such  near 

mine  the  frequency  and  time-intensity  of  solar 
oosmietray  events;  to  correlateNorth  andrSouth 
Pole  riometer  measurements  and  study  differ- 

by  universities  as  U.C  L.A.,  Southern  Cali- 
fornia and  Gal  Tech.  — f- 

ences  in  the  polar  ionospheres;  to  study  the  ef- 
fects of  radiation  on  ionospheric  parameters;-  i  - 

The  program  will  continue  through1  the;  next 
solar  siinspot  maximum  in  19159.  Among  pthlr 
aspects,  it  will  be  useful  in  setting  up  criteria  for 
the  protection  of  astronauts  from  radiation. 

Of  career  interest  to  engineers  and  scientists 
Douglas  has  entered  into  a  period  of  greatly 
expanded  activity  in  research  programs  like  the 
one  above  and  huge  development  projects  like 

|  Send  us  your  resume  or  fill  out  and  mail  the 
coupon.  Within  15  days  from  the  receipt  of  your 
letter,  we  will  send  you  specific  information  on 
opportunities  in  your  field  at  Douglas. 

Mr.  F.  V.  Edmonds 
Missile  and  Space  Systems  Division 

An,  equal  opportunity  employer 

j-4 
Douglais  Aircraft  Company 
3000  Ocean  Park  Boulevard 
Santa  Monica,  California 

Please  send  me  full  information  on  profes 
sional  opportunities  in  my  field  at  Douglas 

Engineering 
scientific  field 
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A  fuel  cell  for  Apollo 

This  is  a  model  of  a  fuel  cell  designed  by  Pratt  & 

Whitney  Aircraft— the  company  chosen  to  develop 

a  fuel  cell  system  for  Apollo,  America's  first manned  lunar  craft.  The  Apollo  spacecraft  will 
be  built  for  NASA  by  North  American 
Aviation. 

The  hydrogen-oxygen  cell  will  supply 
power  for  environmental  conditioning, 
communication,  instrumentation,  and 

scientific  equipment.  In  addition  to  gen- 
erating electricity,  the  fuel  cell  will  pro- 

vide water  for  Apollo's  three-man  crew. 

Pratt  &  Whitney  Aircraft's  fuel  cell  is  far  more 
efficient  than  conventional  power  systems.  During 

tests,  cells  have  demonstrated  efficiencies  of  70 
to  80  per  cent. 

The  fuel  cell  has  a  significant  role 

in  space.  Moreover,  it  promises  to  be 

a  significant  power  source  on  earth. 
Pratt  &  Whitney  Aircraft  is  currently 

studying  fuel  cell  power  systems  for 

such  applications  as  remote-site  power, 

vehicle  propulsion,  commercial  power 

generation,  and  other  industrial  tasks. 

Pratt  & 
Whitney 

Aircraft 

u 

o 
DIVISION  OF  UNITED  AIRCRAFT  CORR 
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In  major  DOD  speech  .  . . 

Rubel  Spells  Out  Space  Philosophy 

Official  notes  that  space  R&D  effort  is  likely  to  top 

$1.5  billion  in  '63,  hardware  funds  have  been  tripled 

PERHAPS  the  most  thorough  state- 
ment to  date  on  DOD's  attitude  toward 

the  military  in  space  is  the  speech  (here 
somewhat  condensed)  recently  delivered 
by  Asst.  Defense  Secretary  John  H. 
Rubel  at  the  Aerospace  Luncheon  Club 
in  Washington.  (See  Editorial,  p  46.) 

MY  TALK  TODAY  is  concerned  with 
the  space  program  supported  by  the  De- 

fense Department.  This  program  is  often 
spoken  and  thought  of  as  the  "military 
space  program,"  particularly  by  its  critics, who  may  use  the  adjective  either  to  argue 
that  it  is  too  big  or  too  small.  I  propose 
to  demonstrate  that  the  program  is  as 
close  to  the  optimum  size  as  we  can  make 
it  in  the  light  of  all  the  uncertainties  that 
must  accompany  such  a  program,  and,  in 
fact,  that  we  probably  err  on  the  side  of 
allowing  too  generous  a  margin  of  safety 
for  the  effects  of  these  uncertainties. 

Actually,  of  course,  extensive  programs 
and  projects  under  NASA  supervision  will 
prove  equally  applicable  to  systems  and 
devices  in  space  whether  these  are  used  for 
military  or  non-military  purposes.  In  this 
sense,  then,  the  totality  of  our  "military" space  efforts,  assessed  from  a  national 
rather  than  a  Departmental  viewpoint 
greatly  exceeds  the  efforts  supported  by  the 
Defense  Department  alone. 

I  will  make  four  principal  points  in 
this  talk  as  follows: 

First,  in  discussing  the  mission  and  ob- 
jectives of  the  Defense  Department  I 

point  out  that  this  is  not  the  Department 
of  Space,  but  the  Department  responsible 
for  national  defense  and  that  any  under- 

takings that  are  supported  by  the  Defense 
Department,  whether  or  not  they  are  space 
projects,  must  further  that  basic  mission 
and  those  objectives. 

Second,  I  discuss  the  requirements  for 
space  programs  and  projects.  The  princi- 

pal point  here  is  that  our  expenditures  on 
space  developments  have  been  remarkably 
high  in  relation  to  viable  concepts  for 
military  applications  in  space.  In  fact,  de- 

spite extraordinary  efforts  we  have  not 
evolved  any  very  new  ideas  for  military 
applications  in  space  during  the  past 
several  years.  This  is  especially  true  of 
manned  military  applications.  Neverthe- 

less, we  have  tripled  our  hardware  efforts 
just  in  the  last  three  years.  I  note  that 
about  half  of  our  efforts  are  directed  at 
clear,  identifiable  military  needs  but  that 
half  of  them  are  not,  and  comprise  a  very 
extensive  program  of  technological  insur- 

ance against  an  uncertain  future. 
My  third  principal  point,  which  con- 

s' 

Assistant  Secretary  Rubel 

cerns  the  scope  of  the  DOD  space  pro- 
gram, is  simply  that  it  is  a  very  large, 

not  a  very  small,  program. 
Fourth,  I  point  out  that  decisions  are 

not  made  about  the  scope  of  a  space  pro- 
gram as  such.  They  are  based  principally 

on  the  value  of  particular  ideas  and  pro- 
gram proposals. 

Lastly,  I  note  that  space  is  a  new  fron- 
tier, although  certainly  not  the  only  new 

frontier  in  the  world  today,  and  that  we 
in  the  Defense  Department  are  determined 
to  be  out  on  that  frontier. 

•  Mission  and  objectives  of  the  De- 
fense Department — Basically  the  Depart- 

ment of  Defense  is  charged  with  military 
preparations  essential  for  the  protection 
of  our  vital  interests.  To  do  that  effec- 

tively and  well  is  a  foremost  objective. 
Our  efforts  with  respect  to  space  under- 

takings supported  by  the  Defense  Depart- 
ment are,  therefore,  aimed  at  enhancing 

as  necessary  our  military  power  and  effec- 
tiveness. There  are,  of  course,  a  multitude 

of  fascinating  and  potentially  useful  proj- 
ects that  one  might  undertake  in  this  new 

field,  but  unless  we  can  satisfy  ourselves 
that  these  efforts  contribute  to  our  mili- 

tary mission,  or  are  likely  to,  we  are  not 
justified  in  supporting  them.  This  is  not 
the  only  criterion,  but  it  is  a  minimum 
criterion. 

•  Military  requirements  in  space — The 
first  step  in  determining  what  our  program 
ought  to  be  is  to  identify  military  needs 
and  requirements  so  that  plans  may  be  set 
to  meet  them.  Space  developments,  of 
course,  are  close  to  the  forefront  of  mod- 

ern technological  advances.  We  must  plan 
not  only  on  the  basis  of  our  present  knowl- 

edge, but  knowing  that  discoveries  that 
suggest  new  applications  might  occur  in  a 
wholly  unplanned  and  unplannable  way. 

This  process  is  not  a  new  one.  We  have 
devoted  great  efforts  over  a  long  period 
of  time  to  studies  of  space  in  general  and 
to  military  applications  of  space  systems 
in  particular.  The  Air  Force  assigned  a 
series  of  space  studies  to  the  Rand  Cor- 

poration as  early  as  1946.  These  were  fol- 
lowed by  a  dozen  more  completed  and  as- 
sessed in  1947,  and  those  were  the  basis 

for  many  more.  The  "study  requirement" 
program,  started  in  1956,  sponsored  nu- 

merous industry  studies.  Some  of  these 
were  paid  for  by  the  Government,  but 
many  were  performed  "gratis"  by  inter- ested contractors  who  were  granted  a 
"need-to-know."  This  study  program  con- 

centrated heavily  on  space  missions  and  ap- 
plications. The  Air  Force  established  addi- 

tional permanent  study  groups  and  activi- 
ties including  the  Anser  Corporation  in 

1958  and  more  recently,  the  Aerospace 
Corporation  which  performs  such  studies 
as  well  as  other  tasks.  Numerous  ad  hoc 
efforts  have  been  undertaken  in  recent 
years  by  in-house  and  consulting  bodies, 
including  some  sponsored  by  the  Air  Force 
Scientific  Advisory  Board  and  others  by 
the  Navy  Department.  No  listing  here 
could  be  more  than  a  partial  one.  Many 
tens  of  millions  of  dollars  have  been  spent 
— representing  many  thousands  of  man- 
years  of  effort — either  directly  or  indirectly 
in  studying  military  applications  for  space 
in  the  past  five  years,  exclusive  of  normal 
preliminary  design  efforts  needed  in  pur- 

suit of  authorized  projects. 
One  of  the  most  interesting  aspects  of 

this  effort  is  that  no  really  new  ideas  for 
the  military  utilization  of  space  have  been 
evolved  as  a  result  of  these  efforts.  New 
techniques  have  been  evolved  or  postu- 

lated, of  course  but  the  list  of  system  pro- 
posals under  active  consideration  shortly 

after  Sputnik  I  is  remarkably  similar  to  to- 
day's list.  Many  of  these  are  being  heavily 

supported,  but  others  are  not.  This  does 
not  prove,  of  course,  that  new  ideas  will 
not  be  forthcoming.  It  does  not  prove  that 
all  the  decisions  to  proceed  or  not  to  pro- 

ceed have  been  correct.  Nor  does  it  prove 
that  we  have  studied  the  problem  suffi- 

ciently; we  are  still  studying.  But  it  does 
suggest  that  our  development  efforts  are 
not  lagging  behind  the  good  ideas.  In  fact, 
during  the  past  three  years  we  have  in- 

creased the  scope  of  our  hardware  devel- 
opment efforts  by  a  factor  of  more  than 

three.  These  efforts  may  be  classed  under 
two  principal  headings. 

•  Projects  aimed  at  military  require- 
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ments — First  are  those  projects  which  are 
directed  at  clear,  identifiable  military  needs 
and  requirements.  About  half  of  our  total 
effort  falls  under  this  heading.  We  have 
been  working  on  many  of  these  for  some- 

time and  most  still  appear  promising  to- 
day. Examples  include  the  development  of 

communications  satellite  systems.  We  have 
already  spent  nearly  $200  million  on  such 
developments  and  we  are  planning  to  spend 
$100  million  in  this  fiscal  year.  We  are 
continuing  to  support  the  development  of 
navigational  satellites.  We  have  already 
spent  nearly  $100  million  on  this  and  we 
will  spend  nearly  $50  million  in  this  fiscal 
year.  Despite  great  technical  difficulties  and 
disappointments,  we  continue  to  support 
the  development  of  a  satellite  system  for 
ballistic  missile  warning.  We  have  already 

spent  nearly  $300  million  on  that  develop- 
ment and  we  will  spend  up  to  $100  mil- 

lion more  in  this  fiscal  year. 
These  and  a  few  others  are  examples 

of  promising  applications  of  space  technol- 
ogy for  military  purposes.  The  decision  to 

pursue  such  projects,  to  expand  them,  to 
cut  them  back  or  otherwise  to  modify  them 

as  problems  arise  are  made  precisely  as  de- cisions must  be  made  with  respect  to  any 
other  complex  system  under  development 
to  meet  military  needs. 

•  Evolution  of  essential  "building 
blocks" — Though  about  half  our  efforts  in 
space  are  undertaken  to  meet  well-defined 
military  needs  and  requirements,  the  other 
half  are  not.  This  other  half  comprises  the 
second  major  class  of  efforts  we  are  sup- 

porting in  this  field,  and  it  is  a  very  im- 
portant one.  The  first  is  aimed  at  develop- 

ing systems  to  meet  needs;  the  second  is 
aimed  at  evolving  new  opportunities,  at 
creating  a  vigorous  and  broad  base  of 
new  technology  and  even  of  devices  and 
systems  for  possible  future  application, 
even  though  the  requirements  for  these  are 
incomplete  or  altogether  absent. 

An  important  example  is  Titan  III,  the 
development  of  which  was  recently  ap- 

proved. We  plan  to  expend  more  than 
$250  million  in  this  fiscal  year  and  a  total 
of  nearly  $1  billion  in  developing  Titan  III 
as  a  part  of  the  National  Launch  Vehicle 
Program.  It  will  be  a  standardized  work- 

horse launch  vehicle  useful  for  the  better 
part  of  a  decade.  Titan  111,  however,  is 
not  being  developed  to  fill  a  specific  mili- 

tary mission  requirement  that  adequately 
justified  its  development.  No  such  require- 

ment presently  exists.  We  are  supporting 
its  development  nevertheless  because  we 
are  confident  that  it  will  be  an  important 
"building  block"  upon  which  future  mili- 

tary space  missions  and  operations,  should 
they  materialize,  will  be  heavily  dependent. 

Titan  111  is  not  the  only  major  "build- 
ing block"  currently  being  supported  by the  DOD,  although  it  is  by  far  the  largest 

system  development  in  this  category.  We 
are  also  supporting  exploratory  and  ad- 

vanced developments  aimed  specifically  at 
the  evolution  of  "technological  building 
blocks"  for  space  to  the  extent  of  more than  $300  million  in  Fiscal  Year  1963. 
These  developments  include  a  great  vari- 

ety of  efforts  in  bioastronautics,  the  de- 
velopment of  advanced  sensors,  the  evolu- 

tion of  advanced  propulsion  systems  and 

power  supplies,  developments  in  materials, 
and  a  multitude  of  exploration  and  re- 

search efforts  aimed  at  learning  more  about 
space  flight  and  the  space  environment. 

These  "building  block"  programs  and 
projects  are  conceived  and  supported  on  a 
broad  base  complementing  NASA  efforts 
to  insure  the  availability  of  space  technol- 

ogy for  application  to  new  military  systems 
as  their  characteristics  and  the  need  for 
them  are  clearly  established. 

Many  of  the  applications  that  have 
been  contemplated  seem  to  us  today  to  be 
unlikely,  if  not  infeasible.  Most  manned 
military  missions  in  space  still,  after  years 
of  study,  seem  little  or  no  more  viable 
than  they  ever  did.  The  same  may  be  said 
of  many  unmanned  systems,  especially  sys- 

tems employing  offensive  weapons  in  space. 
Nevertheless,  we  are  anxious  to  build  a 
base  on  which  future  systems  could,  if 
needed,  be  constructed.  We  are  not  yet 
ready  to  design  the  building,  but  we  want 
the  building  blocks  at  hand. 

•  Scope  of  DOD  space  program — Now 
let's  put  together  the  two  parts  of  our 
space  program — the  "application"  and  the "insurance"  parts — and  examine  the  scope 
of  the  total  effort. 

Until  recently  research  and  develop- 
ment played  a  comparatively  minor  role  in 

the  evolution  of  our  military  posture  and 
in  the  operations  of  the  Department  of 
Defense.  In  fact,  the  budgetry  category 
known  as  Research,  Development,  Test  and 
Evaluation  was  not  established  until  Fiscal 
Year  1960.  Today  our  total  RDT&E  pro- 

gram amounts  to  $7.1  billion  (FY  1963). 
It  equals  nearly  half  of  the  expenditures 
for  the  procurement  of  all  weapons  sys- 

tems and  supporting  systems  for  use  in 
combat  and  support  of  combat  operations. 
Stated  somewhat  differently,  for  every  dol- 

lar that  we  spend  to  furnish  a  weapon  for 
the  fighting  man  to  use  we  spend  nearly 
fifty  cents  to  develop  a  new  one  or  to 
improve  an  existing  one.  The  impact  of 
this  historically  unprecedented  effort  on 
the  character  of  our  military  weapons  and 
the  development  of  new  military  capabil- 

ities, is,  of  course,  one  of  the  dramatic 
facts  of  life  in  the  modern  world. 

Between  20%  and  25%  of  this  effort  is 
currently  devoted  to  our  military  space 
program.  We  know  that  because  we  have 
made  extensive  and  special  studies  of  our 
total  research  and  engineering  effort  and 
have  identified  space  program  and  proj- 

ects separately.  It  is  the  aggregate  of  these 
that  comprise  what  I  have  been  referring 
to  as  the  Department  of  Defense  "space 

program." 
This  program  exceeds  $1.5  billion  this 

year  and  is  likely  to  be  even  larger  next 

year. It  is  greater  than  the  entire  Army budget  for  RDT&E. 
It  is  greater  than  the  entire  Navy 

budget  for  RDT&E. 
It  is  not  a  small  effort,  but  a  very 

large  effort.  As  I  have  already  mentioned, 
at  least  half  of  this  effort  is  devoted  to  the 
evolution  of  new  technologies  and  devices 
not  aimed  at  implementing  clear  military 
requirements.  It  is  very  large  in  relation 
to  the  funds  and  the  efforts  we  are  expend- 

ing in  research  and  development  aimed  at 

the  creation  or  improvement  of  new  sys- 
tems and  new  capabilities  of  demonstrable 

military  value  and  effectiveness.  It  com- 
petes with  these,  and  as  it  grows,  becomes 

a  correspondingly  larger  and  more  impor- 
tant factor  in  decisions  affecting  total  De- 

fense research  and  development. 

•  Policies    and    decision -making — I 
would  like  to  turn  now  to  the  policies  that 
govern  decisions  affecting  the  size  and 
scope  of  our  Defense  space  program.  Bas- 

ically, decisions  on  any  segment  of  our 
research  and  engineering  program  are  gov- 

erned by  four  principal  considerations: 
First,  systems  for  operational  use,  or 

developed  as  candidates  for  deployment, 
must  meet  clear  cut  military  requirements. 

Second,  although  the  establishment  of 
requirements  is  bound  to  be  affected  by 
technical  opportunities  and  change,  re- 

quirements for  military  equipment  must  be 
fully  consistent  with  the  basic  objectives  of 
the  Defense  Department  as  I  outlined  them 
earlier.  In  other  words,  decisions  must  be 
governed  by  what  we  ought  to  do,  not  just 
what  we  can  do,  although  new  develop- 

ments often  affect  both. 
Third,  developments  must  be  feasible 

and  worth  the  expenditure  of  funds  and 
effort  in  relation  to  urgency  and  effective- 

ness. Those  of  us  with  responsibilities  in 
the  field  of  research  and  engineering  are 
particularly  concerned  with  the  effective 
utilization  of  our  precious  scientific  and 
engineering  manpower  resources,  for  the 
bulk  of  the  funds  for  research  and  develop- 

ment measure  and  determine  the  areas 
toward  which  their  efforts  and  talents  will 
be  directed. 

And,  finally,  we  are  governed  in  our 
R&D  decisions  by  the  need  to  insure  con- 

tinued technological  growth  in  all  fields 
of  military  interest  and  concern,  especially 
in  advanced  fields  requiring  heavy  support 

by  the  DOD. Needless  to  say,  technical  and  policy 
decisions  concerning  the  development  of 
systems  for  military  use  are  not  made  on 
general  or  philosophical  grounds.  We  do 
not  simply  decide  to  spend  more  or  to 
spend  less  on  a  system  or  a  group  of  sys- 

tems. Each  major  decision  is  and  must  be 
made  on  its  merits  in  the  context  of  the 
objectives  we  are  trying  to  attain. 

Needless  to  say,  too,  system  decisions 
are  not  made  in  response  to  or  in  further- 

ance of  abstract  doctrinal  concepts.  Pola- 
ris does  not  augment  America's  "sea 

power"  in  the  Mahan  sense,  nor  was  it 
started  and  supported  because  anyone 
thought  it  would.  Minuteman  does  not  aug- 

ment America's  "air  power"  in  the  conven- 
tional sense  any  more  or  any  less  than 

Polaris  does,  nor  is  it  either  supported  or 

opposed  because  it  is  essentially  a  "land" system,  owing  its  survival  to  dispersal  and 
hardening  under  ground.  Doctrinal  ab- 

stractions such  as  "sea  power"  or  "air 
power"  or  "aerospace  power"  are  often useful  for  analysis  and  discussion  of  the 
patterns  of  power  as  history  reveals  them. 
But  these  doctrinal  abstractions  do  not 
translate  well  into  new  programs  and  proj- 

ects. Here  technology  takes  over,  and  tech- 
nology, as  we  have  noted,  tends  to  obso- 

lete such  concepts  and  abstractions  rather 
than  the  reverse.  8 
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Westinghouse,  Boeing  Reorganize 

In  a  move  toward  greater  emphasis  on  de- 
fense and  space  projects,  Westinghouse  Electric 

Corp.  has  consolidated  all  its  defense  and  space- 
oriented  nuclear  and  electronic  resources  in  a 
new  Atomic,  Defense  &  Space  Group.  Formerly 
called  Defense  &  Space  Group,  the  new  operation 
now  includes  Westinghouse  Electric's  Astronu- 
clear  Laboratory  at  Large,  Pa.;  Cheswick,  Pa., 
Atomic  Fuel  and  Atomic  Equipment  Divs. ;  Plant 
Apparatus  Div.,  Pittsburgh;  and  Bettis  Atomic 
Power  Laboratory  near  Pittsburgh,  operated  by 
the  company  for  AEC. 

Also  included  in  ADSG  are  the  Aerospace 
Electrical  Div.  and  the  Baltimore  Defense  Center, 
including  BDC's  Electronics,  Air  Arm,  Ordnance, 
Systems  Management  and  Astroelectronics  func- 

tions. Charles  H.  Weaver,  vice  president  and 
former  head  of  the  firm's  Atomic  Power  Group, 
is  now  head  of  ADSG,  which  reports  to  John  K. 
Hodnette,  executive  vice  president.  Other  ap- 

pointments in  connection  with  the  reorganiza- 
tion are: 

Gen.  Albert  Boyd,  VP  and  former  general 
manager  of  the  Defense  and  Space  Group,  now 
VP  in  charge  of  ADSG  planning  operations;  Dr. 
John  A.  Hutcheson,  former  VP  for  engineering 
and  research,  now  VP  in  charge  of  ADSG  tech- 

nical operations;  John  W.  Simpson,  VP  and 
former  general  manager  of  the  Atomic  Power 
Divisions,  successor  to  Dr.  Hutcheson  as  VP 
for  engineering  research.  .  .  .  Boeing  Co.  has 
reorganized  the  engineering  and  product  develop- 

ment of  its  Aerospace  Div.  along  program  lines. 
Now  each  of  its  major  programs — Minuteman, 
Saturn,  X-20  and  Bomarc — is  considered  a  dis- 

tinct branch,  with  each  program  manager  report- 
ing directly  to  the  division's  general  manager, 

Lyle  Wood.  Boeing's  largest  division,  Aerospace 
has  more  than  50,000  employees. 

'Lean  Years'  Coming  for  GD/A? 
General  Dynamics/Astronautics  has  started 

on  a  "downhill  slide"  with  windup  near  for  its 
billion-dollar-plus  Atlas  program — despite  a  two- 
year  campaign  to  avoid  the  slacking  off  that 
seems  bound  to  come. 

"It  is  our  turn  to  go  hungry,"  division  presi- 
dent J.  R.  Dempsey  said.  "It  is  clear  that  we  are 

not  going  to  get  any  programs  like  Atlas." 
Dempsey  concedes  that  few  large  programs 

are  coming  up  now,  but  he  places  much  of  the 
blame  on  the  fact  that  in  the  past  two  years  "we 
were  unable  to  convince  anybody  that  we  had  the 
capability  to  take  on  new  major  projects.  With 
Astronautics  building  up  to  peak  employment  of 
30,000  (reached  last  April)  on  Atlas,  potential 
customers  regarded  it  as  'too  fat,'  when  as  a 
practical  matter  we  knew  we  would  start  down- 

hill unless  we  got  new  business." 
The  division  consequently  won  no  competi- 

tions, Dempsey  said,  though  "we  bid  on  S-Jf,  we 
bid  on  Apollo,  we  bid  on  S-1B,  S-2  and  RIFT.  On 

every  one  of  them  we  think  we  were  either  first, 
second,  or  third  in  technical  evaluation." 

The  division's  new  $78-million  Atlas  stand- 
ardized launch  vehicle  contract  will  not  slow  its 

continuing  work  force  reduction.  Unless  major 
new  business  is  found,  employment  is  expected 
to  drop  from  the  present  26,200  to  21,000  by  the 
end  of  this  year.  By  late  1963  it  may  reach  15,000 
— several  thousand  less  than  the  division  wants 
to  maintain. 

Current  business  consists  of  99  active  con- 
tracts; Atlas  is  covered  by  30  of  these,  some  of 

which  will  produce  continued  sales  in  spares, 
training  missiles,  test  firings  and  product  im- 
provement. 

To  help  generate  new  business  and  prepare 
GD/A  to  become  more  than  a  "one-product  com- 

pany," as  Dempsey  puts  it,  funds  have  been 
boosted  in  order  to  nearly  double  GD/A's  R&D 
activity,  to  increase  the  proposal  and  bidding 
budget  and  to  expand  general  engineering  for 
development  growth. 

New  Firms  &  Divisions  Formed 
A  newly  formed  team  of  consulting  specialists 

in  technical  and  marketing  problems  has  been 
formed  under  the  name  of  Michael  D.  Altfillisch 
&  Associates.  The  firm  offers  diversified  services 

by  graduate  engineers  and  scientists  with  ex- 
perience in  product  planning,  R&D,  marketing, 

management,  and  other  fields.  Specialties  of 
various  members  of  the  new  firm  include:  elec- 

tronic and  process  instruments,  nuclear  instru- 
mentation, photoinstrumentation  and  high-speed 

photography.  .  .  .  Fabritron,  Inc.,  is  a  new  Buf- 
falo, N.  Y.  fabricator  and  assembler  of  industrial 

laminates,  thermoplastics,  fibers  and  specialized 
metals.  Russell  A.  Reynolds  is  president  of  the 
new  company.  .  .  .  Whirlpool  Corp.  has  set  up 
a  systems  div.  to  handle  the  company's  work  in 
development  of  life-support  systems  and  other 
research  projects  for  various  government  agen- 

cies. .  .  .  Southwest  Center  for  Advance  Studies 
has  formed  its  first  operating  unit — Upper  At- 

mosphere and  Space  Sciences  Div. — headed  by 
Dr.  Francis  S.  Johnson,  former  manager  of  space 
physics  research  at  Lockheed.  SCAS  has  a  cam- 

pus site  at  Richardson,  Tex. 

Packard  Bell  &  Marquardt  May  Merge 
Marquardt  Corp.  and  Packard  Bell  Electronics 

Corp.  are  studying  the  possibility  of  a  merger. 
President  Roy  E.  Marquardt  indicated  that,  while 
a  "very  serious  joint  study"  is  under  way,  the 
matter  is  still  in  the  "investigative"  stage — 
therefore,  no  formal  notice  of  intent  to  negotiate 
has  been  filed  with  state  officials  as  required 

by  law. 
Marquardt's  objective  in  such  a  merger  would 

be  expansion  of  its  defense  electronics  capabil- 
ities. Packard  Bell,  reportedly  having  troubles 

recently,  has  sales  of  about  $50  million  annually, 
with  roughly  half  of  the  figure  for  defense 
business. 
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Chemical,  Mechanical,  Aeronautical,  Electronic 
Engineers/Chemists/Physicists/Mathematicians 
At  ALLEGANY  BALLISTICS  LABORATORY,  operated  by 
Hercules  Powder  Company  for  the  Navy  since  1945, 
wide  ranging  R&D  programs  are  aimed  at  advancing 
the  state  of  the  art  in  all  phases  of  rocketry,  to  meet 
the  need  for  hotter  propellants  and  a  new  order  of 
precision  in  guidance  and  control.  □  This  is  a  stimu- 

lating, interdisciplinary  effort.  The  scientist  and  Engi- neer at  ABL  works  in  close  collaboration  with  specialists 
in  many  other  fields,  in  an  invigorating  atmosphere  of 
success.  Past  achievements  include:  Deacon,  Talos, 
Terrier,  Nike  rockets  and  boosters;  last  stage  motors 
for  Polaris  A-2  and  A-3;  the  ALTAI R  motor,  which  has 
furnished  critical  upper  stage  propulsion  for  over  50 
successful  launchings  of  satellites,  space  probes  and 
test  vehicles.  □  Previous  rocket  experience  is  not  essen- 

tial for  many  of  these  positions.  Demonstrated  capa- 
bility in  your  discipline  is  the  prime  criterion  for  an 

assignment  in  one  of  the  areas  below. 

QUEST, 

for  a  newof?erof 

THRUST  &&O^TR0L 

I 

J 

ADVANCED  DESIGN  RESEARCH  (BS, 
MS,  PhD).  Studies  for  advanced  rocket 
systems  to  establish  system  concepts  and 
optimize  preliminary  design  criteria. 
MECHANICAL  DESIGN  RESEARCH 
(BS,  MS,  PhD).  Of  materials  behavior,  ex- haust gas  control,  insulation.  Hardware 
feasibility  studies  for  future  systems. 
DESIGN  AND  DEVELOPMENT  (BS,  MS). 
Of  complete  rocket  motors,  including  pres- sure vessels,  nozzles,  all  accessories.  Ex- perience in  fluid  flow,  stress  analysis,  heat transfer,  and  mechanics  desirable. 
COMBUSTION  RESEARCH  (MS,  PhD). 
Theoretical  and  applied  studies  of  com- bustion process  in  rocket  chamber  under 
firing  conditions. 
GAS  DYNAMICS  (MS,  PhD).  Analytical and  experimental  studies  of  particle  flow, 
nozzle  efficiency,  altitude  performance 
parameters,  thrust  magnitude  and  vector control. 
PROPELLANT  RESEARCH  (MS,  PhD). 
Theoretical  and  experimental  investigations 
of  propellant  detonability,  bonding  charac- 

teristics, propellant  formulation,  morphol- ogy and  rheology  of  filled  solid  polymers and  slurries,  stress  analysis. 
STRESS  ANALYSIS  (BS,  MS,  PhD).  Anal- 

ysis of  filament-wound  pressure  vessels and  rocket  motor  components. Write  in  confidence  to:  Mr.  W.  D.  Linkenhoker,  Dept.  3K-4 

ENGINEERING  SPECIALISTS  (BS,  MS, 
PhD).  8-10  years  experience;  analysis,  heat 
transfer,  systems  analysis,  missile  ballis- tics, internal  rocket  ballistics,  insulation, 
fluid  dynamics. 
INSTRUMENTATION  (BS,  MS).  Design and  develop  instrumentation  to  obtain  data from  static  firing  tests,  entire  cycle  from 
sensing  devices  on  motor  to  data  collecting mechanisms.  Design  and  develop  process 
instrumentation  for  production  of  propel- lants and  component  chemicals. 
PROCESS  ENGINEERING  (BS,  MS).  De- sign improved  material  handling,  molding, 
tooling  and  process  equipment  for  propel- lant and  rocket  manufacturing. 
TEST  ENGINEERING  (BS,  MS).  Build and  analyze  static  firing  test  stands  and associated  hardware.  Recommend  range 
handling  and  operating  equipment  includ- ing environmental  test. 
ACOUSTICAL  PHYSICS  (MS,  PhD).  Ana lyze  behavior  of  burning  rockets  under various  acoustical  phenomena. 
DATA  REDUCTION  (BS,  MS).  Prepare 
calculation  systems  for  programming  com- plex data  into  IBM  7074  computer. 
STATISTICS  (MS,  PhD).  Apply  statistical methods  to  quality  control,  reliability,  re- search test  procedures  and  analyses  of test  data. 

FOR  BUREAU  OF  NAVAL  WEAPONS 
CUMBERLAND,  MARYLAND 

The  Nation 's  Foremost  Rocket  Research  Laboratory 
All  qualified  applicants  will  receive  consideration  for  employment  without  regard  to  race,  creed,  color  or  national  origin. U.S.  CITIZENSHIP  REQUIRED. 
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contracts  and  procurements 

AWARDS 

AIR  FORCE 

$39,566,000 — Avco  Corp.'s  Lycoming  Div.,  Strat- 
ford, Conn.,  for  production  of  a  new  genera- 

tion of  re-entry  vehicles. 
$25,411,000 — Space  Technology  Laboratories,  Inc., 

Redondo  Beach,  Calif.,  for  systems  engineer- 
ing and  technical  direction  in  support  of  the 

Atlas,  Titan  and  Mlnuteman  weapon  systems 
and  the  ballistic  missiles  re-entry  systems  pro- 

gram (supplemental  contract) .  Work  to  be 
done  at  Norton,  AFB,  Calif. 

$19,000,000— Aerojet-General  Corp.,  Azusa,  Calif., 
for  Stage  11  Mlnuteman  solid-propellant  rocket 
motors  (2  supplemental  contracts).  Work  to 
be  done  at  Sacramento,  Calif. 

$13,900,000— Douglas  Aircraft  Co.,  Inc.,  Santa 
Monica,  Calif.,  for  Skybolt  missiles  and  re- 

lated equipment  (supplemental  contract). 
$9,199,600 — Space  Technology  Laboratories,  Inc., 

Redondo  Beach,  Calif.,  for  site  activation  sup- 
port for  Atlas,  Titan  and  Mlnuteman  weapon 

systems.  Work  to  be  done  at  Norton  AFB, 
Calif. 

$3,291,288 — Lockheed  Aircraft  Corp.,  Burbank, 
Calif.,  for  work  on  a  space  program  at  Sunny- 

vale, Calif,  (supplemental  contract). 
$2,559,717— Halvorsen.  Inc.  and  McLaughlin, 

Inc.,  Spokane,  Wash.,  for  erection  of  antenna 
support  facilities  for  Titan  missile  bases. 

$2,000,000— General  Telephone  &  Electronics 
Corp.,  Mountain  View,  Calif.,  for  production 
of  electronic  security  systems  for  the  Atlas 
and  Titan  missile  programs. 

$1,318,247— General  Electric  Co.,  New  York  City, 
for  production  of  airborne  guidance  equipment 
and  for  conducting  test  operations  in  support 
of  various  missile  and  space  programs. 

$1,200,000— Radio  Corp.  of  America,  New  York 
City,  for  work  on  the  ballistic  missile  early 
warning  system  at  Moorestown,  N.  J.  (supple- mental contract). 

$1,006,000— General  Dynamics  Corp.,  New  York 
City,  for  development,  design  and  engineering 
of  communications  systems  for  ICBM  bases. 

$500,000— Bendix  Corp.'s  Eclipse-Pioneer  Div., Teterboro,  N.  J.,  for  development  of  a  hot- 
gas  servo  control  system  designed  to  the 
requirement  of  the  GAM-87A  Skybolt  missile. 

5400,000— Radiation,  Inc.,  Melbourne,  Fla.,  for 
design  and  production  of  a  telemetry  system 
using  molecular  electronic  circuits. 

United  Technology  Corp.,  Sunnyvale,  Calif.,  for 
preliminary  work  on  120-in.  dia.  segmented 
solid-propellant  rocket  motors  for  the  booster 
stage  of  the  Titan  111  program  (undisclosed 
amount) . 

Telecomputing  Corp.'s  Power  Sources  Div.,  Los Angeles,  Calif.,  for  space  vehicle  batteries 
(undisclosed  amount). 

ARMY 

$50,000,000— Douglas  Aircraft  Co.'s  Missile  & 
Space  Systems  Div.,  Santa  Monica,  Calif.,  for 
continued  research  and  development  of  the 
Nike-Zeus  anti-missile  missile. 

$18,662,500— Bendix  Corp.'s  Eclipse-Pioneer  Div., Teterboro,  N.  J.,  for  production  of  items  for 
the  Pershing  missile  system. 

$6,117,887 — Bendix  Corp.'s  Eclipse-Pioneer  Div., Teterboro,  N.J.,  for  engineering  services  on  the 
Pershing  missile  system. 

$1,188,161 — Radio  Corp.  of  America's  Defense 
Electronic  Products  Div.,  Moorestown,  N.J., 
for  missile  test  and  tracking  equipment. 

$500,000 — Continental  Electronics  Manufacturing 
Co.,  Dallas,  Tex.,  for  construction  and  delivery 
of  two  VHP  transmitters  for  Stanford  Reseacrh Institute. 

NAVY 

$15,000,000 — Sperry  Gyroscope  Co.'s  Marine  Div., 
Syosset,  New  York,  for  ship's  inertia!  naviga- 

tion subsystem  equipment  for  fleet  ballistic 
missile  submarines  and  naval  shore  and  training 
installations. 

$10,840,816— Vitro  Corp.  of  America's  Vitro  Lab- oratories Div.,  Silver  Spring,  Md.,  for  engi- 
neering services  on  the  Polaris  weapon  system. 

$116,687 — General  Precision,  Inc.'s  Librascope 
Div.,  Tarrytown,  N.Y.,  for  servo  module  as- 

semblies for  the  Naval  Avionics  Facility  at 
Indianapolis,  Ind. 

AEC 

$5,000,000— Burns  &  Roe,  Inc.,  New  York  City, 
for  design  and  installation  of  structural  and 
operational  systems  for  a  special  nuclear  re- actor facility. 

NASA 
$636,052— Land-Air,  Inc.,  Chicago,  111.,  for  opera- tion and  maintenance  of  automated  satellite 

telemetry  data-processing  equipment  at  God- 
dard  Space  Flight  Center,  Md. 

$148,750 — Microdot,  Inc.,  South  Pasadena,  Calif., 
for  90  channel  temperature  measuring  systems 
for  use  in  research  and  development  of  the 
three-man  Apollo  spacecraft. 

INDUSTRY 
$1,700.000— Diebold,  Inc.,  Canton,  Ohio,  from 

Boeing  Co.,  for  building  security  devices  for 
use  in  the  Mlnuteman  missile  launching  sites. 

$750.000— Lear  Slegler,  Inc.,  Santa  Monica,  Calif, 
from  the  Curtiss-Wrlght  Corp.,  for  production 
of  rocket  case  sections  for  Stage  1  Mlnuteman 
missile.  Work  to  be  done  by  Astro  Structures 
Div.,  El  Segundo. 

$130,000 — Perkins  Electronics  Corp.,  El  Segundo, 
Calif.,  from  Martin  Co.,  for  missile  ground 
support  equipment-type  DC  power  supplies. 

$115,000 — Sylvania  Electric  Products,  Inc.'s  Mi- crowave Device  Div.,  Mountain  View,  Calif., 
from  Sanders  Associates,  Inc.,  for  development 
of  a  new  storage  tube  for  a  classified  applica- tion. 

Clevite  Corp.'s  Mechanical  Research  Div.,  Cleve- land, Ohio,  from  Pratt  &  Whitney  Aircraft 
Div.  of  United  Aircraft  Corp.,  for  production 
of  metallic  fuel  cell  assemblies  for  the  Apollo 
program  (undisclosed  amount). 

REQUESTS  FOR  BIDS 

GENERAL  PROCUREMENTS 

Purchase  Department,  Bldg.  311-4 
Naval  Supply  Center 
Oakland,  Calif. 
Negotiate  a  contract  with  Western  Gear  Works, 

Everett,  Wash.,  for  delivery  of  a  prototype 
hydraulic  power  drive  for  use  in  conjunction  with 
shipboard  missile  transfer  systems.  This  notice  is 
for  Information  purposes  only  as  the  work  in- 

volves modification  of  equipment  previously  manu- 
factured by  this  firm.  RFP-228-4293-63. 

Aeronautical  Systems  Div. 
Wright-Patterson  Air  Force  Base,  Ohio 
Negotiations  will  be  conducted  with  Minneap- 

olis-Honeywell Regulator  Co.,  Minneapolis  40, 
Minn.,  for  additional  study  on  the  application  of 
modern  optimization  theory  to  the  problem  of 
re-entry  control  system.  Design  and  mechanization. 
RFP-ASD-161161-RKNB.  Note:  For  information 
only,  no  RFP  available. 

Directorate  of  Procurement/FTKL-2 
Air  Force  Flight  Test  Center 
Edwards  Air  Force  Base,  Calif. 
Attn:  G.  M.  Plock 
Negotiations  will  be  conducted  with  Thiokol 

Chemical  Corp.  for  solid  propellant  formulations 
for  testing  under  the  ballistic  test  and  evaluation 
system.  For  information  purposes  only. 

Aeronautical  Systems  Div. 
Wright  Patterson  Air  Force  Base,  Ohio 
Negotiations  will  be  conducted  with  Garrett 

Corp.'s  AiResearch  Manufacturing  Co.  of  Arizona, Phoenix,  for  compatibility  testing  relative  to  Air 
Force  type  STU-15/A34  and  Air  Force  type  STU- 
17/A34  starter  in  support  of  the  F-105  aircraft  and 
the  GAM-77A  missile.  RFP-ASD-6945-WMMM. 
Note:  For  information  only,  RFP  not  available. 

Hercules  Project  Office 
U.S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
The  Army  Material  Command  proposes  to  pro- 

cure from  Western  Electric  Co.  1900  man-days 
of  engineering  and  technical  services  in  support 
of  the  Nike-Hercules  system.  All  inquiries  relative 
to  this  procurement  for  subcontracting  possibilities 
should  be  directed  to  Western  Electric  Co.,  222 
Broadway,  New  York  5,  N.Y. 

Contracting  Officer Purchasing  Dept. 
Naval  Supply  Center 
Norfolk,  Va. 
Special  type  missile  hold-down  strap  assemblies, stainless  steel  contruction,  in  various  sizes  for 

installation  aboard  naval  vessel — 1048  each.  Ne- 
gotiation restricted  to  Marman  Div.,  Aeroquip 

Corp.,  Los  Angeles,  Calif.,  and  Davis  Aircraft 
Products  Co.  which  firms  alone  have  demonstrated 
capability  to  furnish  equipment  suitable  for  the 
intended  use.  Delivery  requirements  will  not  permit 
delay  incident  to  design  development  and  manu- 

facture by  others.  Suggest  small  business  firms 
and  others  interested  in  subcontracting  opportun- ities make  direct  contact  with  above  firms.  Finns 
interested  in  future  procurements  of  this  special 
type  of  missile  hold-down  assembly  man  contact 
the  Chief,  Bureau  of  Ships,  Washington,  D.C.,  for 
information.  For  information  only,  RFP  not 
available. 

Operations  Support  Div. Contractor  Services  Branch 
Norton  AFB,  Calif. 
Replenishment  of  spare  parts  in  support  of 

SMYC  2845-NC0583-8RGA  (1/N  282733)  body, 
thrust  chamber — 7  each.  Delivery  schedule  5-31-63. Item  identified  by  P/N  and  description  only.  Specs, 
data  and  drawings  not  available.  Notice  is  given 
that  these  items  must  be  obtained  from  the  prime 
manufacturer  in  order  to  secure  safe,  dependable 
and  effective  operations  of  the  SM65  weapon  sys- 

tem. It  is  suggested  that  small  business  firms  and 
others  interested  in  subcontracting  opportunities 
in  connection  with  this  procurement  make  direct 
contact  with  North  American  Aviation,  Inc., 
Rocketdyne  Div.,  6633  Canoga  Ave.,  Canoga  Park, 
Calif. 

CO  USA  Ordnance  District,  New  York 770  Broadway 
New  York  3,  New  York 
Pershing  missile  rotary  inverters,  No.  10596906. 

Bendix  Corp.,  Red  Bank  Div.,  Eatontown,  N.J., 
has  been  selected  for  this  procurement  without 
competition.  It  is  suggested  that  small  business 
firms  and  others  interested  in  subcontracting  op- 

portunities in  connection  with  this  procurement make  direct  contact  with  the  above  firm. 

U.S.  Army  Engineer  District,  Detroit 
Corps  of  Engineers 
150  Michigan  Ave. 
Detroit  26,  Mich 
Construction  of  electronic  parts,  storage  facil- 

ities and  Hercules  improvements,  sites  D-26  and 
D-612,  in  the  vicinity  of  Detroit,  Mich.  Jot) — IFB 
EMG-20-064-63-5.  Bid  opening  10-26-62.  Drawings 
and  specs  priced  at  $5.50  per  set  for  full  scale 
and  $1.10  per  set  for  half  scale,  nonrefundable. 

Bureau  of  Naval  Weapons 
Washington  25,  D.C. 
For  information  purposes  only.  The  Bureau  of 

Naval  Weapons  contemplates  award  of  a  contract 
to  Westinghouse  Electric  Corp.,  Sunnyvale,  Calif., 
for  field  engineering  services  in  support  of  Polaris 
launcher  system.  Award  will  be  made  on  the  basis 
of  a  continuation  of  services  previously  started  by 
this  firm.  This  notice  is  made  for  information 
purposes  only.  Other  proposals  cannot  be  con- 

sidered for  the  above  procurement.  PR  No.  SP- 
1076-63-1.  BuWeps  Synopsis  No.  92-63. 
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R/M  ASBESTOS- 

PHENOLICS 

The  component:  MOTOR  LININGS 

The  missile:  TERRIER 

The  Terrier  shipboard  missile  literally 
puts  missile  firepower  on  instant  readi- 

ness. This  calls  for  lightweight  materials 
. . .  reliability  . .  .  and  prolonged  storage 
in  many  types  of  climates  without  affect- 

ing performance. 
R/M  asbestos-phenolics  are  the 

accepted  material  for  motor  linings  on 
the  Terrier.  They  are  virtually  unaffected 
by  environment  and  are  compatible  with 
solid  fuels  under  a  wide  range  of  storage, 
shipboard  and  in-flight  conditions. 
They  provide  excellent  thermal  in- 

sulation and  dimensional  stability.  They 
ablate  uniformly.  They  save  weight 
without  sacrificing  strength.  And  they 
show  excellent  reproducibility  in  fabrica- 

tion as  well  as  proved  reliability. 
If  these  advantages  add  up  to  what 

you  have  been  look- 
ing for,  and  you  want 

cost  savings,  too,  talk 
to  R/M  specialists 
now. 

Motor  lining  molded  of  an 
R/M  asbestos-phenolic 

RAYBESTOS-MANHATTAN,  INC. 
Reinforced  Plastics  Department,Manheim,Pa. 

SPECIALISTS  IN  ASBESTOS, 
RUBBER,  ENGINEERED  PLASTICS,  SINTERED  METAL 

products  and  processes- 

New  Product  of  the  Week: 

Portable  Analog  Computer 

A  compact  analog  computer  is  be- 
ing marketed  by  Applied  Dynamics, 

Inc.  High-speed  repetitive  operation 
can  be  introduced  by  a  switch  that  per- 

mits selection  of  compute  periods  rang- 
ing from  1.000  to  0.025  second.  Time 

markers  for  Z-axis  modulation  of  a 
readout  oscilloscope  are  generated  by 
the  high-speed  repetitive-operation  con- 

trol unit. 
Accuracies  of  0.200%  per  ampli- 
fier and  0.035%  per  multiplier  can  be 

obtained  using  high-performance  com- 
ponents. Null  potentiometer  scales  of 

0  to  100  and  0  to  10  permit  operator 
to  set  coefficients  below  0.100  with  10 
times  normally  obtainable  accuracy. 

Circle  No.  225  on  Subscriber  Service  Card 

Diode  Tester 

A  diode  tester  that  provides  direct 
connection  to  all  standard  oscilloscopes 
for  display  of  E-I  curves  for  Zener,  com- 

puter, power  and  tunnel  diodes  is  being 
marketed  by  the  Electronics  Div.,  Disc 
Instruments,  Inc. 

Forward  current  and  reverse  voltage 
on  the  tester  is  continuously  variable 
through  five  ranges.  Push-button  con- 

trol allows  rapid  forward  and  reverse 
testing.  Reverse  leakage  and  forward 
current  are  controlled  to  prevent  over- 

loading by  use  of  limiting  circuitry. 
Automatic  protection  is  provided  to  re- 

move high  voltage  while  changing 
diodes. 

Circle  No.  226  on  Subscriber  Service  Cord 

Electron  Microscope 

Norelco  EM-75C  electron  micro- 
scope for  teaching  and  general  service 

applications  has  been  developed  by  Phil- 
ips Electronic  Instruments. 
The  unit  features  variable  electron 

acceleration  up  to  75  KV  and  independ- 
ent lens  controls  that  permit  electron 

diffraction  studies  and  electron  imaging 
below  20  KV  with  good  resolution. 

Objective  lens  has  an  externally  ad- 

justable mechanical  compensator  with 
a  single  control,  indexed  and  coupled 
to  double  dipoles  positioned  on  the 
face  of  the  pole  shoe. 

The  instrument  permits  stereo  im- 
ages to  be  produced  by  rotating  the 

specimin  rod  through  a  preset  angle. 
Magnification  is  continuously  variable 
from  1200-12,000  diameters  on  viewing 
screen. 

Circle  No.  227  on  Subscriber  Service  Card 

Flawless  Metal  Mirrors 

Fabrite  Metals  Corp.  has  developed 
spring-hardened  brass  mirrors  which  are 
produced  in  all  sizes,  gauges  and  mir- rored on  either  one  or  two  sides.  Some 
of  these  are  aloft  on  satellite  vehicles, 
or  with  tracking  equipment  tracing  the 
courses  of  such  missiles.  These  metal 
mirrors  are  used  wherever  mirror  re- 

flectivity is  required  without  the  use  of 

glass. 

Circle  No.  228  on  Subscriber  Service  Card 

Portable  Oscilloscope 

A  portable  lightweight  oscilloscope 
is  available  from  Lavoie  Laboratories, 
Inc.  The  Model  LA-285  weighs  45  lbs. 
and  provides  a  vertical  frequency  re- 
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sponse  of  DC  to  30  MC.  Dual  time 
bases  offer  a  choice  of  sweep  times  be- 

tween 0.02  microseconds/ cm  and  12 
seconds/ cm  in  18  calibrated  sweep  de- 

lay ranges  from  1  sec  to  10  sec.  For 
calibration,  portions  of  the  sweep  may 
be  magnified  and  intensified. 

Circle  No.  229  on  Subscriber  Service  Card 

Portable  Communicator 

A  transistorized  portable  intercom- 
munications amplifier  is  available  from 

Cambridge  Electronics  for  applications 
where  voice  exchange  is  vital  in  noise 
environments. 

Model  CE-1300  can  also  be  used  in 
construction,  public  utilities  operations, 
fire  service,  conservation,  pipe  line  in- 

stallation, highway  maintenance  and 
construction,  radio  and  television  serv- 

ice, military  and  missile  industries.  It 
operates  from  an  integral  battery. 

Circle  No.  230  on  Subscriber  Service  Card 

Residual  Gas  Analyzer 

A  residual  gas  analyzer  capable  of 
detecting  minute  quantities  of  gas  re- 

maining in  evacuated  systems  is  being 
marketed  by  Consolidated  Electrody- 
namic  Corp.,  a  subsidiary  of  Bell  & 
Howell. 

Essentially  a  mass  spectrometer 
without  a  vacuum  system,  the  Type  21- 
613RGA  is  capable  of  detecting  gases 
with  partial  pressures  as  low  as  5  x 
10— "mm  Hg.  It  can  be  used  to  monitor 
gases  within  its  mass  range  in  any  sys- 

tem operating  at  pressures  less  than 
10— 4mm  Hg.  Mass  range  of  the  instru- 

ment is  m/e  2-4  and  12-150,  with  unit 
resolution  over  the  entire  range.  A  cy- 
cloidal  focusing  analyzer  is  used  for  the 
mass  range  of  12-150  and  an  auxiliary 
180°  collector  for  masses  2-4. 

Circle  No.  231  on  Subscriber  Service  Card 

Subcarrier  Oscillator 

Dorsett  Electronics  has  developed  a 
transistorized  voltage  controlled  subcar- 

rier oscillator  for  telemetering  applica- 
tions. The  Model  0-1 8D  combines  elec- 
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trical  and  environmental  stability  speci- 
fications with  the  ability  to  accept  data 

inputs  of  0  to  5  volts  or  ±2.5  volts  by 
a  simple  screwdriver  adjustment  of  the 
external  centering  control.  Linearity  is 
±0.125%  DBW  (design  bandwidth) 
from  best  straight  line.  Amplitude  mod- 

ulation is  less  than  0.5  db  across  the 
band  and  harmonic  distortion  less  than 
0.5%. 

Circle  No.  232  on  Subscriber  Service  Card 

Servo  Repeater 

Weston  Instruments  Div.,  Day- 
strom,  Inc.  offers  a  lightweight  Model 
1173  servo  repeater  which  meets  MIL- 
Spec  environmental  requirements  and 
offers  a  slew  rate  of  60°  per  second, 
minimum.  Designed  primarily  for  aero- 

space applications,  the  repeater  is  adapt- 
able to  many  industrial  units.  The  unit 

accepts  a  3-wire,  Y-connected,  3-plate 
input  signal  and  positions  an  output 
synchro  via  a  servo  system.  Input  and 
output  characteristics  may  be  altered  to 
suit  requirements.  Standard  operating 
power  is  115  v,  400  cycles,  but  a  26-v, 
400-cycle  unit  is  optionally  available. 
The  unit  is  designed  to  operate  through 

a  temperature  range  of  —  65  °F  to 
160°F,  and  at  100%  humidity.  Operat- 

ing life  is  a  minimum  of  1000  hours. 
Circle  No.  233  on  Subscriber  Service  Card 

Versatile  Galvanometer 

A  high-frequency  galvanometer  that 
extends  the  useful  recording  capabilities 
of  CEC  oscillographs  to  13,000  cps  has 
been  developed  by  Consolidated  Elec- 

trodynamics Corp.,  a  subsidiary  of  Bell 
&  Howell. 

With  the  Type  7-365,  oscillographs 
can  be  used  for  both  "quick-look"  moni- toring and  storage  of  data  at  frequencies 
heretofore  attainable  only  by  such  equip- 

ment as  cathode-ray  oscillographs  and 
magnetic  tape  recorders. 

The  7-365  has  a  rated  deflection  (ac 
peak-to-peak)  of  one  inch  double  ampli- 

tude and  can  be  used  with  all  CEC  oscil- 
lographs having  an  HV^-in.  optical  arm. 

Total  sensitivity  variation  over  the 
entire  frequency  range  (at  rated  deflec- 

tion) is  not  more  than  ±5%  from 
the  statistically  determined  frequency- 
response  curve. 

Circle  No.  234  on  Subscriber  Service  Card 

Polyethylene  Adhesive 
An  adhesive  to  bond  polyethylene 

plastics  has  been  developed  by  North- 
rop Corp.,  Ventura  Div.  The  polyethyl- 
ene plug  melts  when  exposed  to  heat, 

enabling  gas  pressure  to  escape  through 
the  opening  eliminating  any  danger  of 
sustained  rocket  motor  operation  during 
storage. 

Circle  No.  235  on  Subscriber  Service  Card 

BULOVA 

F.    
*  ' 

AHEAD  OF  TIME... 

5H|  x  1 

ff.oiM 

ON  SAFING  DEVICE  DE- 
VELOPMENT AND  PRO- 

DUCTION simply  because 

we've  already  delivered  over 
31,000,000  S&A  devices.  Prime 
and  sub-contractors  can  rely  on 
sure  delivery  from  Bulova  on,  or 

in  advance  of  schedule  —  keep- 

ing comfortably  ahead  of  re- 
quirements for  S&A  materiel. 

And  it  may  be  of  no  little  in- 
terest that  Q.R.C.  Groups 

(Quick  Reaction  Capability) 
can,  and  do  turn  to  Bulova  for 
fast,  reliable  solutions.  This  is 
familiar  ground  to  our  engineers 

—  long  seasoned  in  S&A  mech- 
anism design  and  development. 

Programmers,  S&A  mecha- 
nisms, fuzes,  timers,  safety  de- 

vices, adaption  kits,  ignition,  and 
destruct  devices  come  off  the 

smoothly-functioning  Bulova 

production  line. . .precision-made 
— ready  to  go.  Find  out  how  our 
S&A  experience  can  help  your 

organization  run  ahead  of  time. 
Write — Bulova  Research  &  De- 

velopment Laboratories,  Wood- 
side  77,  New  York,  N.  Y. 

[  INDUSTRIAL/DEFENSE  GROUP  J 

Bulova 
RESEARCH  &  DEVELOPMENT  LABORATORIES 

Circle  No.  12  on  Subscriber  Service  Card  43 



names  in  the  news 

msis 

in  the  fields  of 

space  vehicle 

power  and  propolsion 

The  Propulsion  and  Power  Systems 
Department  of  the  Aerospace  Vehicles 
Laboratory  has  several  unusually 
interesting  openings  for  engineers  and 
scientists  who  are  interested  in  the 
fields  of  space  vehicle  power  and  pro- 

pulsion. The  openings  are  at  all  levels 
of  experience  — from  recent  graduates 
to  the  senior  staff  level.  Most  of  the 
positions  will  involve  design  and  analy- 

sis of  power  and  propulsion  systems  for 
satellite  and  space  probe  application. 
Specifically,  some  of  the  areas  of 
specialization  are: 

1 SPACE  POWER  SYST
EMS 

The  positions  will  involve  analysis  and 
development  of  such  energy  sources 
as:  photo  voltaic,  thermionic,  thermo- 

electric, battery  and  advanced  energy  stor- 
age systems. 

2 SPACE  PROPULSION  SYSTEMS The  positions  will  involve  the  prelimi- 
nary and  conceptual  design  and  com- 

parative analysis  of  all  types  of  chem- 
ical and  electric  propulsion  systems. 

3 PROGRAM  MANAGEM
ENT 

The  positions  will  be  associated  with 
the  development  of  solid  and  liquid 
propellent  rocket  engines.  Advanced 

degrees  are  preferred  and  considerable  ex- 
perience in  the  field  will  be  required. 

If  you  are  interested  and  believe  that  you 
can  contribute,  please  mail  your  resume  to: 

Robert  A.  Martin, 
Supervisor  of  Employment 
HUGHES 
11940  W.  Jefferson  Blvd. 
Culver  City,  California 

We  promise  you  a  reply  within  one  week. 
An  equal  opportunity  employer. 

Creating  a  new  world  with  Electronics 
,  ! 

HUGHES  AIRCRAFT  COMPANY 
AEROSPACE  DIVISIONS 

RUSSELL BARNES HALVORSEN FINKE 

William  H.  Russell:  Elected  executive 
vice  president  of  Technical  Measurements 
Corp.,  North  Haven,  Conn. 

John  C.  Barnes:  Appointed  vice  presi- 
dent of  engineering  for  the  Hycon  Manu- 

facturing Co.,  Monrovia,  Calif. 

Dr.  Kenneth  G.  Halvorsen:  Appointed 
technical  director  of  Beckman  Instruments, 
Inc.,  Fullerton,  Calif. 

Herbert  A.  Finke:  Vice  president  and 
general  manager  of  Bomac  Laboratories, 
Inc.,  Palo  Alto,  Calif.,  elected  a  vice 
president  of  Varian  Associates. 

E.  H.  Usher:  Appointed  director  of  sales 
for  the  Electronics,  Magnetics  and  Re- 

search Divs.  of  Automation  Industries, 
Inc.,  Boulder,  Colo. 

Paul  M.  Hachigian:  Appointed  director 
of  engineering  of  International  Electric 
Corp.,  Paramus,  N.  J. 

J.  G.  Scherer:  Named  vice  president  and 
general  manager  of  Wean-McKay  of  Can- 

ada, Ltd.,  Gait,  Ontario,  Canada. 

Larry  S.  Winslon:  Appointed  aerospace 
ground  equipment  manager  for  Cleveland 
Pneumatic  Industries,  Inc.,  Cleveland. 

Paul  S.  Collins:  Formerly  with  Hughes 
Aircraft  Co.,  joined  the  Electrada  Corp., 
Los  Angeles,  as  vice  president,  corporate 
planning  and  product  development. 

Robert  P.  Sumbcrg:  Appointed  mana- 
ger of  Avco  Corp.'s  Lawrence,  Mass. facility. 

Welcome  W.  Bender:  Appointed  direc- 
tor of  research  of  the  Martin  Co.'s  Re- 

search Institute  for  Advanced  Study,  Balti- 
more. 

William  H.  Graham:  Elected  president 
of  North  Electric  Co.,  Canton,  Ohio. 

Dr.  Rudolf  E.  Kalman:  Staff  scientist 
at  the  Martin  Co.'s  Research  Institute  for 
Advanced  Study,  named  by  the  Maryland 
Academy  of  Sciences  as  the  Outstanding 
Young  Scientist  of  1962. 

Robert  B.  Luirette:  Named  director  of 
manufacturing  by  Thompson  Ramo  Wool- 
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dridge,  Inc.'s  Space  Technology  Labora- tories, Redondo  Beach,  Calif. 

John  G.  Hazard:  Named  general  man- 
ager of  the  North  American  Aviation 

Space  and  Information  Systems  Div.  office 
at  Cape  Canaveral. 

Morris  R.  Lynn:  Appointed  operations 
manager  of  Airtek  Dynamics,  Inc.,  Comp- 
ton,  Calif. 

John  R.  Lombardo:  Elected  vice  presi- 
dent-production of  High  Vacuum  Equip- 

ment Corp.,  Hingham,  Mass. 

Evan  Ragland:  Appointed  manager  of 
Motorola,    Inc.'s    Teledata  Laboratory, Chicago. 

George  G.  Hoberg:  Elected  president 
of  Monitor  Systems,  Inc.,  Fort  Washing- 

ton, Pa. 
Rex  L.  Brouillard:  Appointed  manager 

of  program  administration  at  General  Dy- 
namics/Electronics, San  Diego. 

C.  T.  Hardenburg:  Appointed  director 
of  quality  assurance  and  reliability  for 
Hayes  International  Corp.,  Birmingham, 
Ala.  R.  B.  Hezlep  appointed  manager  of 
quality  assurance. 

George  R.  Tallent:  Promoted  to  direc- 
tor of  reliability  and  quality  control  for 

Motorola  Semiconductor  Products,  Inc., Phoenix. 

Jack  B.  Hippler:  Appointed  manager 
of  aerospace  development  sales  of  Lock- 

heed-Georgia Co.,  Marietta,  Ga. 

Thomas  C.  Clark,  Jr:  Appointed  direc- 
tor of  marketing  for  the  Space-General 

Corp.,  El  Monte,  Calif. 
Dr.  Wilbur  H.  Goss:  Assistant  director, 

Applied  Physics  Laboratory,  Johns  Hop- 
kins University,  awarded  the  Howard  N. 

Potts  Medal  for  his  engineering  designs 
and  technical  supervision  leading  to  the 
development  of  the  first  successful  super- 

sonic ramjet  and  for  his  development  of 
the  ramjet  combustion  systems  and  integra- 

tion of  these  systems  in  military  vehicles. 

Ralph  B.  Dinsmore:  Named  general 
manager  of  Angus  -  Sloane  Associates, 
Moorestown,  N.  J. 
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OCTOBER 

Society  for  Experimental  Stress  Analysis, 
Annual  Meeting  and  Exposition,  Hotel 
Schroeder,  Milwaukee,  Oct.  24-26. 

Seventeenth  Midwest  Quality  Control  Con- 
ference, American  Society  for  Quality 

Control,  Denver  Hilton  Hotel,  Denver, 
Oct.  26-27. 

Fourth  Annual  Western  Technical  Con- 
ference, American  Institute  of  Electri- 

cal Engineers,  Biltmore  Hotel,  Los 
Angeles,  Oct.  29. 

The  World  Metal  Show  and  National 
Metal  Conference,  New  York  Coli- 

seum, New  York  City,  Oct.  29-Nov.  2. 
Meeting  on  Large  Rockets,  IAS,  El  Dorado 

Inn,  Sacramento,  Calif.,  Oct.  29-30. 
American  Society  of  Safety  Engineers  First 

Technical  Conference,  Morrison  Hotel, 
Chicago,  Oct.  29. 

Twelfth  Aerospace  Fluid  Power  Confer- 
ence, sponsored  by  Aerospace  Div.  of 

Vickers,  Inc.,  a  division  of  Sperry  Rand 
Corp.,  Pick-Ft.  Shelby  Hotel,  Detroit, 
Oct.  29-30. 

Symposium  on  Dynamics  of  Manned  Lift- 
ing Planetary  Entry,  sponsored  by  Gen- 
eral Electric  Co.  and  AFOSR,  Phila- 

delphia, Oct.  29-31. 
Combined  National  Fuel  &  Lubricants. 

Powerplant  &  Transportation  Meetings, 
Bellevue  Stratford  Hotel,  Philadelphia, 
Pa.,  Oct.  29-Nov.  2. 

NOVEMBER 

Annual  Southeastern  Regional  Meeting  of 
American  Chemical  Society,  Gatlin- 
burg,  Term.,  Nov.  1-3. 

New  Mexico  Section  of  ASME  Sym- 
posium, University  of  New  Mexico, 

Albuquerque,  N.  M.,  Nov.  2-3. 
Protection  Against  Radiation  Hazards  in 

Space  Symposium,  sponsored  by  the 
Oakridge  National  Laboratory  and 
NASA,  Gatlinburg,  Term.,  Nov.  2-7. 

Seventeenth  Annual  Meeting  and  Space 
Flight  Exposition,  sponsored  by  ARS, 
Pan  Pacific  Auditorium,  Los  Angeles, 
Calif.,  Nov.  13-18. 

ASME  Winter  Annual  Meeting,  Statler 
Hilton  Hotel,  New  York  City,  Nov. 
25-  30. 

American  Nuclear  Society  and  Atomic  In- 
dustrial Forum,  Winter  Meeting  and 

Atom  Fair,  Sheraton-Park  and  Shore- 
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Machine  Tools  Conference,  Statler  Hil- 
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Environmental  Testing  Seminar,  sponsored 
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editorial . . . 

DOD  Takes  a  Stand 

SLOWLY,  almost  imperceptibly,  the  climate  for  an 
effective  military  space  program  is  improving. 
The  military  space  program  itself  has  not  yet  felt 

the  effects  of  this.  What  we  are  discussing  here  is  the 
atmosphere  necessary  to  creation  of  such  a  program. 
This  atmosphere  is  tenuous — but  a  necessary  prelude 
to  action. 

Like  all  such  vapors,  it  can  be  whirled  away  by  a 
puff  of  wind  from  the  wrong  direction.  But  today  it  is 
there.  Whether  it  solidifies  into  something  more 
tangible  remains  to  be  seen. 

It  exists  for  a  number  of  reasons.  The  Presi- 
dent's speech  at  Rice  University  during  his  tour  of 

missile/space  installations  gave  more  Administration 
support  to  military  space  efforts  than  his  previous 
declarations.  Congress  adjourned  with  a  greater 
awareness  of  the  need  for  a  military  space  program. 
The  Dept.  of  Defense  itself  has  defined  its  position 
more  clearly — and  this  in  itself  is  progress. 

We  carry  in  the  pages  of  this  issue  two  very  im- 
portant documents  delineating  DOD's  military  space 

philosophy.  One  is  an  interview  with  Secretary  of 
Defense  Robert  S.  McNamara  by  Newsweek's  able 
Pentagon  correspondent,  Lloyd  Norman.  Newsweek 
reported  some  of  the  Secretary's  comments  in  its  re- 

cent Space  issue.  Because  of  the  importance  of  the 
subject,  Missiles  and  Rockets  asked  Dept.  of  De- 

fense and  Newsweek  for  permission  to  print  the  full 
text  of  the  interview. 

It  is  a  document  of  major  importance  to  the  in- 
dustry. This  is  the  first  time  Secretary  McNamara  has 

consented  to  an  interview  which  places  his  views  on 
military  space  clearly  and  firmly  on  the  record. 

The  second  document  is  the  text  of  a  speech  by 
Asst.  Secretary  John  Rubel  which  outlines  the  com- 

plete DOD  philosophy  on  military  space. 
Taken  together,  the  two  articles  provide  as  clear 

a  definition  of  the  Administration's  views  in  this  field 
as  could  be  desired.  We  certainly  do  not  agree  fully 
with  the  stand  taken.  Some  of  Mr.  Rubel's  arguments 
would  have  made  an  effective  case  against  building 
the  Wright  brothers'  airplane. But,  at  the  least,  we  now  know  where  we  stand. 
In  the  past,  arguments  about  the  DOD  space  philos- 

ophy necessarily  have  been  based  too  much  on 
hypothesis.  We  are  grateful  to  both  gentlemen  for 
clarifying  the  DOD  position. 

That  position,  as  we  said,  seems  to  have  improved 
somewhat.  Even  the  adamant  Mr.  Rubel  has  modified 
his  views  slightly.  Secretary  McNamara's  remarks, 
while  cautious,  could  be  termed  downright  hopeful  in 
light  of  the  past  DOD  position. 

Again,  this  hope  admittedly  is  based  on  a  few 
straws  which  could  be  blown  away  by  an  adverse 
wind.  Mr.  McNamara  states:  "At  this  time,  I  see  no 

clear  requirements  for  manned  satellites  for  military 
purposes."  The  italics  are  ours  and  the  very  appear- 

ance of  the  word  "clear"  is  progress. 
The  Secretary's  statement  that  he  would  favor  a 

manned  orbital  development  station  for  the  Air  Force 
if  it  will  add  anything  substantial  to  the  X-20  and 
Gemini  programs  also  is  a  gain.  It  is  far  from  a 
commitment  and  leaves  the  way  clear  for  a  negative 
decision.  But  the  public  admission  that  such  a  pro- 

gram may  be  worthwhile  can  be  classed  as  over- 
whelming enthusiasm  in  contrast  with  some  past 

DOD  views. 
There  is  no  doubt  that  the  mounting  of  an  ex- 

tended military  space  program  alongside  the  existing 
multibillion-dollar  NASA  effort  would  place  a  burden 
on  the  economy  of  this  nation.  We  disagree  with  DOD 
and  the  Administration  on  the  willingness  and  ability 
of  the  American  people  to  support  this  burden.  We 
disagree  also  on  the  amount  of  military  benefit  that 
can  be  expected  as  "fallout"  from  the  NASA  effort. 

There  are  signs  that  the  military  role  in  the 
Gemini  program  wfll  be  increased  significantly.  This 
is  encouraging. 

But  more  encouraging  is  the  still  tentative  ap- 
proach being  put  forward  in  public  statements  by 

high  Air  Force  officials.  Increasingly,  they  are  re- 
ferring to  the  need  for  a  defensive  space  capability. 

We  would  like  to  see  this  become  the  theme  for  an 
all-out  campaign. 

FIFTEEN  YEARS  ago,  if  the  Navy  had  pushed 
vigorously  for  all  the  equipment  needed  for  anti- 

submarine warfare,  it  probably  would  have  more 
aircraft  today  than  the  Air  Force — and  an  extensive 
space  program  to  boot.  Instead,  it  dissipated  its  energy 
in  a  battle  with  the  Air  Force  for  the  strategic 
bombing  role. 

The  Air  Force  should  learn  from  this.  There  is 
no  doubt  of  the  need  for  a  strong  military  defensive 
capability  in  space  against  potential  Soviet  weapons. 
Let  the  Air  Force  press  strongly  for  this  capability. 
It  is  politically  palatable,  both  nationally  and  inter- 

nationally. It  will  find  strong  Congressional  support. 
In  establishing  this  defense,  the  Air  Force  will 

obtain  90%  of  the  capability  it  requires  for  offensive 
programs,  when  and  if  needed. 

Meanwhile,  the  NASA  program  can  fulfill  peace- 
fully the  offensive  requirement — taking  the  high 

ground  by  scientific,  rather  than  military,  technology. 
The  way  to  this  approach  has  been  opened  by 

the  DOD  clarification  of  its  position.  Until  a  stand 
is  taken,  there  can  be  no  debate.  Without  debate, 
there  can  be  no  progress. 

We  congratulate  Mr.  McNamara  and  Mr.  Rubel 
for  their  contribution  to  this  progress. 

William  J.  Coughlin 
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ENGINEERS  •  SCIENTISTS 

encyclopedic  exposure  to  the  whole  world  of  space 

. , 0 !, "  I  _  n  miccilo  tarhnnlnmi  's  Das'c  t0  engineering  with  PAN  AM*  at  the  Atlantic  Missile  Range.  □  The VeniCSc  Ot  mibbllc  teen nOIOgy  reason:  engineers  and  scientists  here  strive  to  match  the  capabilities  of  each  new 
launch  vehicle  with  range  test  systems  of  equal  or  greater  accuracy.  Our  engineers  and  scientists  have  pushed  the  past  and 
present  instrumentation  systems  to  their  operational  limits— and  have  gone  on  to  create  a  whole  new  range  technology.  They 
have  developed  design  criteria  and  are  providing  technical  direction  for  global  tracking  and  telemetry  systems,  combining  the 
latest  techniques  from  all  areas  of  electronics,  optics  and  infrared.  □  Today,  forward  looking  groups  at  PAN  AM's  Guided  Mis- 

siles Range  Division  are  not  only  planning  for  this  year's  and  next  year's  tests  but  are  considering  range  requirements  five  through 
fifteen  years  ahead  — requirements  to  test  manned  space  vehicles  still  on  the  drawing  boards  or  "existing  in  concept"  only. 

;  OPPORTUNITIES  NOW  EXIST  to  join  PAN  AM  at  the  Cape  in  developing  range  systems  hemispheric,  global  and  celestial  in  scope— 
j  and  share  in  the  exceptional  professional  development  implicit  in  these  assignments. 

Systems  Engineers-EE's,  Physicists  &  Mathematicians  capable  of  assuming  complete  project  responsibility  for  new  range  systems. 
I  Instrumentation  Planning  Engineers  — EE's,  Physicists  to  be  responsible  for  specific  global  range  instrumentation  concepts. 
I  Senior  Engineers  &  Scientists  —  PhD's  in  Math,  Physics,  Celestial  Mechanics,  Astronomy  or  Electronics. 
■  Experience  in  one  or  more  of  these  areas:  Pulse  radar,  CW  techniques,  telemetry,  infrared,  data  handling,  communications,  closed 
circuit  TV,  frequency  analysis,  command  control,  command  guidance,  underwater  sound,  timing,  shipboard  instrumentation. 
I  Why  not  write  us  today,  describing  your  interests  and  Qualifications  in  any  ̂ jtSS^W 
of  the  areas  above.  Address  Dr.  Charles  Carroll,  Dept.  56K-4,  Pan  American    jggft     GUIDED  MISSILES  RANGE  DIVISION 
World  Airways,  Incorporated,  P.O.  Box  4336,  Patrick  Air  Force  Base,  Florida,    f^g^'F^S  —  °» 
!  *  Carrying  on  Range  Planning,  Engineering  and  Operation  of  Atlantic  Missile    ̂ ^E?8f     PATRICK  AIR  FORCE  BASE,  FLORIDA 
I  Range  for  the  USAF  since  1953.  An  equal  opportunity  employer. 
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WELDS  /2-MIL  WIRE  ON  3-MIL  CENTERS 

■  Metal-to-glass  bonds  ■  Metal-to-ceramic  bonds 
Metal-to-semiconductor  substrates  ■  Bonds  to  angstrom-thick 

thin-films  ■  Portable— 110-115  V,  ac,  60-cycle  operation 

Provides  reliable  bonds... from  printed  circuitry 
to  molecular  electronic  functional  blocks. 

For  further  information  write  Aerojet-General® Corporation 
Astrionics  Division,  Dept.  505,  Azusa,  California 

WELDED 
WINDOW-FRAME 
MICROELECTRONICS 

ASTRIONICS  DIVISION  / azusa, California 
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For  a  complimentary  reprint  of  this  Artzybasheff  Illustration,  write:  Avco,  Dept.  MR,  750  Third  Avenue,  New  York  1  7,  N.Y. 

Avco  helps  harness  the  "horses"  for  a  world  on  the  move.  ■  That  takes  the  knowledge  that 

is  developing  electric  propulsion  for  space  flight . . .  arc-jet  power  for  satellites  and  space 

probes . . .  multi-fuel  engines  for  ground  vehicles.  ■  The  skill  and  facilities  that  are  produc- 

ing Lycoming  reciprocating  and  gas  turbine  engines  for  fixed- wing  aircraft,  helicopters, 

hydrofoil  vehicles,  and  industry.  ■  The  capacity  to  envision  advanced  propulsion  systems 

of  the  future.  This  is  Avco  capability— helping  to  keep  defense  and  industry  in  motion. 

UNUSUAL  CAREER  OPPORTUNITIES  FOR  QUALIFIED  SCIENTISTS  AND  ENGINEERS  .  .  .  REGARDLESS  OF  RACE,  CREED^^JB  W^T^^^^^^B 
COLOR,  OR  NATIONAL  ORIGIN  .  .  .  WRITE  AVCO  TODAY.  AVCO  CORPORATION,  750  THIRD  AVE.,  NEW  YORK  17,  N.  Y.  JW^^M  ^^^^ 
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IDEA:  Build  a  communications  satellite 

that's  solar- pressureproof,  but  a  mirror  to  microwaves 
It's  made  of  an  inflatable  rigid  wire-mesh  framework 
covered  by  a  photolyzable  film.  The  idea  behind  it :  the 
film  molecules  unhook  in  space  and  disappear.  This  leaves 
a  microwave  antenna  virtually  unperturbed  by  solar 
pressure,  impervious  to  meteorites. 

This  is  only  one  of  the  GAC-Goodyear  Aircraft  Corpora- 
tion—designed large  antennas  and  structures  for  erection 

in  space  from  small  packages.  We  are  building  antennas 
with  dielectric  lenses;  structures  with  coated  plastic 

films  that  are  optically  reflective  but  radar  transparent; 
self -erecting  flexible  sponge-type  structures ;  and  pack- 
ageable  horn  antennas.  Each  is  typical  of  GAC's  capa- 

bilities in  land,  sea,  air  or  space  defense  systems. 

If  we  can  be  of  service  to  you  in  advanced  systems  and 
technology  —  aerospace  support  equipment  —  electronic 
subsystems— lightweight  structures— or  missile  require- 

ments, write:  Goodyear  Aircraft  Corporation  914PV, 
Akron  15,  Ohio,  or  Litchfield  Park,  Arizona 

LAND,  SEA,  AIR  OR  |SPACE| . .  .TALENT  THAT  BUILDS  BETTER  DEFENSE  SYSTEMS 

good/year ION 
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RA  YTHEON'S  NEW  SPARROW  III 

GOES  AIR  FORCE 

Already  the  U.  S.  Navy's  prime  air-to-air  missile 
system,  Raytheon's  Sparrow  III  has  now  been 
selected  by  the  U.  S.  Air  Force  for  use  on  its 
F-4C  tactical  fighter. 

The  advanced  Sparrow  III  which  will  be  used 
by  the  Air  Force  is  the  result  of  a  growth  program 
that  has  seen  major  improvements  phased  in  since 
the  missile  was  first  conceived  in  1951.  These  im- 

provements include  substantial  increases  in  range, 
speed  and  altitude  capabilities. 

The  new  Sparrow  III  employs  a  unique  targel 
seeker  which  provides  maximum  attack  flexibility 
under  operational  conditions.  Once  locked  on  tht 

target,  the  seeker  guides  the  missile  to  the  inter- 
cept, constantly  refining  its  aim  as  it  closes  on  tht 

enemy  aircraft. 

Sparrow  III  is  further  proof  of  Raytheon'; 
ability  to  manage  complex  military  systems  — 
from  early  study  through  design,  production  anc 
field  support. 

RAYTHEON 
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Sperry  Sergeant  missile  underwent  its 
first  tactical  field  firing  by  Army  per- 

sonnel at  White  Sands  Missile  Range  Oct. 
24.  Photo  shows  installation  of  snap-on 
fins,  last  step  in  assembly.  See  p.  16. 
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letters 

Shape  of  the  Moon 
To  the  Editor: 

Your  Oct.  issue  cover  caption  reads 
"First  Photo  of  Moon's  True  Shape,"  on  a 
photograph  taken  July  31  showing  the 
lunar  silhouette  against  the  background  of 
the  Sun's  disc. 

Such  photos  of  "annular"  solar  eclipses have  been  made  for  at  least  50  years  by 
astronomers  the  world  over,  using  long- 
focus  optics  of  extreme  precision.  It  is 
questionable  whether  the  sharpness  or  reso- 

lution of  the  subject  photo  is  substantially 
better  than  many  similar  photos  previ- 

ously made,  although  I'll  take  the  word of  any  professional  astronomer  as  to  this. 

In  any  event,  the  lunar  "limb"  shown cannot  be  considered  as  average  for  the 
entire  lunar  surface.  It  represents  only  the 
one  "meridian"  of  lunar  longitude  apparent 
at  the  time  of  a  specific  lunar  libration 
position,  both  in  latitude  and  longitude. 

Indeed,  there  is  considerable  support 
for  the  theory  that  the  Moon  as  a  whole, 
due  to  mutual  gravitational  interaction  with 
the  Earth  and  the  fact  that  its  keeps  sub- 

stantially the  same  face  always  towards  us, 
is  much  more  egg-shaped  than  spherical, 
with  the  long  axis  pointed  toward  Earth. 

Further,  it  is  difficult  to  understand 
how  such  photos  can  be  used  to  establish 
"an  average  altitude  of  lunar  sea  level" 
except  over  a  very  narrow  selenographic 
band.  Also,  extrapolation  from  such  a 
photo,  to  calculate  "lunar  gravity  effects" 
outside  of  such  a  band,  can  only  be  the 
domain  of  a  "lunatic." 

Until  this  matter  is  more  fully  ex- 
plained, I  am  withholding  my  application 

to  become  a  luna-naut. 
G.  V.  Plachy,  F.R.A.S. 
Sr.  Mem.  Amer.  Astronaut  Soc. 
Woodside,  N.  Y. 

Back-Copy  Gap 
To  the  Editor: 

Immediately  upon  receipt  of  my  Aug. 
27  M/R,  I  noticed  Mr.  M.  J.  McCaslin's 
letter  on  p.  6,  and  at  once  sent  him  an  air- 

mail letter  regarding  the  back  copies  of 
your  excellent  publication. 

I  was  the  first  man  on  base  and  I  am  to 
get  Mr.  McCaslin's  copies  from  Vol.  1, 
No.  1  to  the  two  July,  1958  issues. 

I  wonder  if  you  can  possibly  help  me 
to  complete  my  run  of  Missiles  and 
Rockets  from  August,  1958  to  May,  1961. 
Perhaps  you  could  help  me  via  the  letters 
column.  Could  you?  Would  you? 

In  the  past,  I  have  written  several  cor- 
respondents in  your  letters  column,  but 

have  had  no  success  in  locating  a  source 
of  supply  for  back  copies. 

Horace  D.  Westbrooks 
415  West  Slaton  Ave. 
P.  O.  Box  252 
Griffin,  Ga. 

WHEN  OSCILLOGRAPHY  COUNTS 

In  almost  every  imaginable  area  of  science  and  industry, 

you'll  find  that  CEC  multi-channel  recording  oscillographs 
measure  up  as  the  very  finest  measuring  and  recording 

instruments  available.  Their  versatility,  dependability  and 

accuracy  have  made  them  the  recognized  standard  of  excel- 
lence for  literally  thousands  of  dynamic  testing  programs 

currently  being  carried  out  in  all  parts  of  the  world.  And, 

in  addition  to  the  broad  variety  of  recording  oscillographs, 

CEC  also  produces  signal  conditioning  equipment  and 

power  supplies  that  represent  the  ultimate  in  reliability. 

Data  Recorders  Division 

CONSOLIDATED  ELECTRODYNAMICS 
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...COUNT  ON  CEC 

Just  name  your  specific  requirements— there's  a  CEC  multi- 
channel oscillograph  to  serve  you.  Examples:  Type  5-118 

for  minimum  size  and  space,  ruggedness  and  use  in  high 

environment;  Type  5-119  for  flexibility  and  use  in  medium- 

high  environment;  Type  5-123  for  direct  readout  with  36-52 

channels  in  laboratory  environment;  and  Type  5-124  for 

portability  and  18  channel  capacity  in  laboratory  envi- 

ronment. CEC's  oscillographs  are  the  very  definition  of 
excellence  and  product  line  completeness.  Full  facts? 

Call  your  CEC  office  or  write  for  Bulletin  CEC  1310-X4. 

Data  Recorders  Division 

CONSOLIDATED  ELECTRODYNAMICS 
PASADENA,  CALIFORNIA    •    A  SUBSIDIARY  OF  BELL  &  HOWELL 
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Superior  Intelligence 
To  the  Editor: 

Regarding  your  Aug.  27  editorial,  "Play- 
ing with  Blocks,"  and  the  subsequent  letter 

from  Thomas  D.  Ross  (criticizing  the  Po- 
laris program)  in  M/R,  Sept.  10,  may  I 

refer  you  to  statements  by  Rep.  George 
P.  Miller  (D-Calif.),  chairman  of  the 
House  Space  Committee,  in  a  speech  before 
the  House  on  Sept.  6. 

Rep.  Miller  struck  back  at  the  "Monday 
morning  quarterbacks"  of  military  space 
by  saying:  ".  .  .  our  defense  officials  are 
not  dolts,  and  I  suspect  that  their  decisions 
are  based  on  information  and  intelligence 
which  is  somewhat  superior  to  that  of  their 

lay  critics." 
I  might  add  that  it  is  baffling  to  me 

how  anyone  can  call  the  greatest  advance 
in  both  Naval  history  and  missile  tech- 

nology a  "toy." John  W.  Wasik 
Missiles  &  Space  Staff  Writer 
Daily  Times 
Melbourne,  Fla. 

The  "toy"  designation  for  Polaris  was 
Reader  Ross's,  not  ours. — Ed. 

Actual  Uncertainty 

To  the  Editor: 

May  we  express  our  appreciation  for 
your  selection  of  our  new  Pyrometric 
Molarc  equipment  as  the  "New  Product 
of  the  Week"  in  the  Oct.  15  M/R. 

There  is  a  technical  error  in  the  second 
sentence  of  the  published  article  due  to 
the  omission  of  a  plus  sign.  This  sentence 
should  read,  "Its  absolute  brightness  tem- 

perature is  3803 °K  with  an  uncertainty 

of  ±20°." 

The  nature  of  the  error  is  such  that  it 
could  not  be  construed  to  be  detrimental 
to  the  equipment,  but  implies  that  the  un- 

certainty of  the  temperature  value  is  only 
one  half  the  actual  uncertainty.  The  true 
performance  characteristics  will,  of  course, 
be  clearly  presented  in  the  literature  which 
will  be  forwarded  to  interested  readers. 

Thank  you  again  for  the  fine  article. 
M.  A.  Hankins 
Vice  President,  Engineering 
Mole-Richardson  Co. 
Hollywood,  Calif. 

Readability  Valued 
To  the  Editor: 

You  are  performing  a  major  service  to 
our  country  by  the  content  of  your  edi- torials. 

M/R  is  one  of  the  finest  and  most  read- 
able magazines  I  subscribe  to.  It's  kept 

simple  so  it  can  be  read — unlike  too  many 
"technical"  papers.  Am  enclosing  my  check 
for  two  years'  subscription — the  first  time 
to  do  this  in  years — a  tribute  to  you  and 
your  magazine. 

R.  G.  Crowder 
Little  Falls,  N.J. 



the 

80,000  foot 

Mysterious  cloud  patterns  that  stay  the  same  TRIPOD  a  host  of  other  questions,  Princeton  University 
for  weeks  on  end  blanket  the  face  of  Venus.  What  are  will  send  Stratascope  II  aloft  to  80,000  feet,  above  96% 

they  and  what's  behind  them?  What  is  the  30,000  mile  of  the  earth's  atmosphere.  It  will  carry  a  radio-controlled 
long  "Red  Spot"  that  drifts  longitudinally  in  Jupiter's  photo-telescope  that  has  an  optical  system  capable  of 
cloud  system?  Saturn's  nine  moons?  To  answer  these  and     distinguishing  two  objects  30  inches  apart  at  1,000  miles. 

Hundreds  of  scientists  from  many  companies  and  many 
specializations  worked  together  through  the  Project 
Program  Manager,  Vitro  Laboratories,  to  create  this  ex- 

citing astronomical  adventure.  As  Program  Manager  for 

balloon  system  development,  planning  and  flight  operation, 
Vitro  acts  as  conference  leader,  interpreter,  problem 
identifier,  and  coordinator.  Vitro  Laboratories  has  the 
longest  successful  history  of  interface  engineering. 

VITRO  CORPORATION  OF  AMERICA  •  261  MADISON  AVENUE  •  NEW  YORK  16,  NEW  YORK 
TO 8 Circle  No.  30  on  Subscriber  Service  Card 



The  Countdown 

WASHINGTON 

Cuban  Threat  Lends  Zeus  Emphasis 
Insiders  say  the  Nike-Zeus  anti-ICBM  system  also  is 

capable  of  intercepting  Soviet  missiles  such  as  those  based 
in  Cuba.  Its  design  requirements  include  intercept  of 
missiles  launched  from  submarines  near  the  U.S.  coasts. 
Proponents  point  out  that  early  approval  of  long-lead- 
time  production  components  would  have  put  deploy- 

ment of  the  system  months  away — instead  of  years,  as 
at  present. 

NASA  Denies  1 8-Orbits  Planned 

Despite  press  reports  referring  to  an  18-orbit  MA-9 
mission,  NASA  headquarters  officials  report  the  next 
Mercury  flight  will  last  only  24  hours.  This  would  limit 
the  flight  to  16  or  17  orbits  at  most. 

Nova  Development  Off  Until  1965 
It  now  appears  certain  that  hardware  development 

of  the  Nova  superbooster  will  not  begin  until  Fiscal 
1965.  Budget  limitations  have  killed  NASA  hopes  of 
getting  the  project  under  way  in  the  second  half  of  FY 
'64.  Prospects  now  are  for  a  $5-million  study  effort 
during  the  coming  fiscal  year. 

Hercules  Improvements  Pose  Problem 

Improved  capability  of  the  Army's  Nike-Hercules 
against  bombers  and  air-to-surface  missiles  means  tac- 

tical locations  of  the  missile  batteries  no  longer  are 
optimum.  Proposals  to  relocate  some  of  these  are  being 
studied  by  the  Defense  Dept. 

Aerospace  Plane  to  Cost  Half  Billion 
NASA  officials  estimate  total  cost  of  a  study  and  devel- 

opment program  for  Aerospace  Plane  at  $500  million — 
twice  the  cost  of  the  X-15  program.  Top  Air  Force 
leaders  are  emphasizing  the  system  as  essential  to  eco- 

nomical, repetitive,  around-the-clock  space  operations. 
Both  NASA  and  AF  are  hard  at  work  outlining  an  ASP 
study  program. 

Major  Effort  Set  for  Project  MINT 
Within  the  past  month,  Project  MINT — Materiel 

Identification  and  New  Item  Control  Techniques — has 
become  a  major  effort  of  the  Air  Force  Logistics  Com- 

mand. Objectives:  to  eliminate  unneeded  items  and  cor- 
rect identification  errors  of  items  in  the  AFLC  inventory 

as  well  as  improving  control  of  new  items.  Some  1300 
technicians  are  at  work  on  the  program,  which  is  ex- 

pected to  cut  AFLC  inventory  by  30%. 

NASA  Plans  Another  Lunar  Seismometer 

NASA  plans  to  repeat  its  attempt  to  put  a  seismome- 
ter on  the  Moon.  The  experiment  was  part  of  the  Ranger 

V  flight  which  missed  the  Moon  due  to  power  failure. 
U.S.  scientists  believe  the  seismometer  will  reveal  more 
information  about  the  Moon  than  lunar  photographs. 

Equatorial  Site  Still  on  the  Map 
Although  Dept.  of  Defense  officials  continue  to  insist 

the  U.S.  has  no  need  for  an  equatorial  launch  site,  latest 
official  maps  of  the  Pacific  Missile  Range  still  show 
Manus  Island  as  a  potential  site  for  injection  of  satel- 

lites eastward  into  equatorial  orbit. 

INDUSTRY 

Boeing  Set  for  Big  Saturn  Contract 
Detailed  contract  with  Boeing  Co.  for  the  first  stage 

of  the  Advanced  Saturn,  due  for  signing  by  NASA  within 
a  few  weeks,  will  cost  well  over  the  preliminary  estimate 
of  $300  million.  Contract  will  cover  development  through 
1966. 

Skeen  Seen  as  AIA  President 

Clyde  Skeen,  executive  vice  president  of  Ling-Temco- 
Vought,  has  the  inside  track  for  the  presidency  of  Aero- 

space Industries  Assn.  The  post  has  been  vacant  since 
the  May  15  resignation  of  August  Esenwein.  The  new 
president  will  be  named  at  the  Nov.  7-9  board  of  gov- 

ernors meeting  in  Phoenix.  Skeen,  an  expert  on  renego- 
tiation, is  a  former  Boeing  vice  president. 

Pickering  to  Head  Merged  ARS-IAS 
Presidency  of  the  American  Institute  of  Aeronautics 

and  Astronautics  will  go  to  ARS  President  Dr.  William 
H.  Pickering  if  the  proposed  merger  of  American  Rocket 
Society  and  Institute  of  Aerospace  Sciences  into  AIAA 
is  approved.  Members  must  vote  on  the  merger  by  Dec. 
7.  The  new  society,  if  approved,  will  come  into  existence 
next  Feb.  1.  To  effect  the  merger,  more  than  50%  of 
those  entitled  to  vote  in  each  society  must  vote  and 
more  than  two-thirds  of  those  voting  in  each  society  must 
vote  to  ratify. 

Sylvania  Alarm  System  Under  Test 

The  first  "burglar  alarm"  for  missile  silos  has  been 
accepted  for  evaluation  by  the  Air  Force.  Plans  call  for 
shrouding  each  silo  with  a  dome-like  blanket  of  electro- 

magnetic radiation  which  will  sound  an  alarm  if  dis- 
turbed. Sylvania  Reconnaissance  Systems  Laboratories 

holds  a  $2-million  contract  for  development  of  the 

system. 

INTERNATIONAL 

Germans  to  Call  for  Rocket  Bids 
West  German  firms  soon  will  be  invited  to  bid  on 

the  third  stage  of  Western  Europe's  first  space  rocket. 
Eight  vehicles  are  to  be  built,  with  the  first  ready  in 
1966.  As  previously  announced,  first  stage  is  to  be  Brit- 

ain's Blue  Streak  with  the  French  Veronique  as  second 
stage.  Italy  will  build  the  satellite. 

First  British  Missile  Ship  Due 
Commissioning  of  the  first  British  guided  missile 

destroyer,  H.M.S.  Devonshire,  is  set  for  Nov.  15.  The 
5200-ton  vessel  will  carry  Seaslug  missiles  on  the  quar- 

terdeck and  Seacat  close-range  missile  abaft  the  aft 
funnel. 

Nord,  Boelkow  Sign  Agreement 

Germany's  Boelkow-Entwicklungen  and  France's 
Nord  Aviation  have  signed  an  agreement  for  joint  mis- 

sile development  and  production.  The  two  firms  will 
hold  meetings  alternately  in  Munich  and  Paris. 
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'Dominic'  Using  Solid  Rockets 
The  two  launch  vehicles  newly 

introduced  into  high-altitude  nuclear 
tests  being  conducted  in  the  Pacific 
are  both  solid-fueled  rockets — Nike- 
Hercules  and  Sergeant. 

Sergeant  was  used  in  a  successful 
test  Oct.  20  (See  Shots  of  the  Week). 
First  launch  of  Hercules,  scheduled 
several  times,  has  been  plagued  by 

a  number  of  postponements. 
Use  of  the  solid-fueled  missiles, 

according  to  a  DOD  official,  resulted 
in  a  degradation  in  the  planned 
weight  of  the  nuclear  test  devices. 

Though  Thor  was  successful  in 
only  two  of  six  launches  from  John- 

ston Island,  it  has  not  been  elimi- 
nated from  the  program.  Thor  is 

expected  to  be  used  to  loft  the  final 
device  of  the  test  series,  following 

the  Nike-Hercules  launching. 
A  DOD  official  said  the  poor 

Pacific  test  record  of  the  usually 
quite  reliable  Thor  was  partly  due 
to  its  unusual  application  and  to  ex- 

tremely rigid  safety  requirements 
for  the  nuclear  payloads. 

LEM  Contract  Soon 

NASA  will  very  shortly  let  a  con- 
tract for  the  Lunar  Excursion  Mod- 

ule in  its  Apollo  program. 
NASA  Administrator  James  E. 

Webb  disclosed  the  plan  in  a  talk 
last  week  to  members  of  the  Euro- 

pean Broadcasting  Union. 
Webb's  statement  may  mark  the 

end  of  disagreement  as  to  the  best 
approach  to  the  Moon.  Presidential 
science  advisor  Jerome  Wiesner  had 

questioned  the  lunar  orbit  method's 
superiority,  but  NASA  officials  re- 

portedly have  convinced  him  of LEM's  merit. 

AF  Orders  Atlas  SLV 

Air  Force  has  awarded  a  contract 
to  General  Dynamics/ Astronautics 
for  a  standardized  Atlas  space  launch 
vehicle  (SLV). 

The  vehicle  will  be  known  as 
Atlas  SLV-III.  The  contract,  esti- 

mated to  be  worth  $78  million, 
covers  design  and  development  of  a 
standard  space  launch  version  of  the 
Air  Force  Atlas  ICBM,  modifications 
to  Atlas  launch  pads  at  the  Atlantic 
and  Pacific  missile  ranges,  and  pro- 

duction and  launch  of  SLV-III  boost- ers (M/R  10/15,  p.  9). 

The  SLV-III  will  consist  of  the 
basic  Atlas  airframe  and  the  Rocket- 
dyne  liquid-propellant  three-engine 
cluster.  The  engines  are  being  boost- 

ed from  360,000  lbs.  thrust  to  about 
390,000  lbs.  Standardized  guidance, 
electrical  system  autopilot,  tracking 
and  telemetry  kits  will  be  provided. 

The  Air  Force  Atlas  SLV-III 
combined  with  the  Agena  upper 
stage  will  be  able  to  boost  payloads 
weighing  from  2000  to  6000  lbs.  into 
a  low  Earth  orbit. 

Shots  of  the  Week 

•  The  Air  Force  is  investigating 
a  Minuteman  ICBM  failure  eight 
seconds  after  launch  from  Cape 
Canaveral  on  Oct.  17. 

After  its  destruction  by  the 
range  safety  officer,  flaming  debris 
from  the  solid-fuel  missile  fell  back 
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BDSKI 
Bomarc  Launcher-Erector 

depends  on  Rucker  systems 
engineering 

CUSTOM  DESIGNED 
SYSTEMS 

Precision  engineered  systems  with  cus- 
tom designed  components  provide  the 

ultimate  in  hydraulic  controls  for  the 
Bomarc  Launcher -Erector  manufactured 
by  FMC  Corporation  for  The  Boeing  Com- 

pany, Seattle. 

Control  valves  manufactured  by  Double 
A  Division  of  Brown  &  Sharpe. 
Accumulators  manufactured  by  Ameri- can Bosch. 
Hydraulic  manifolds  manufactured  by 
Brown  &  Sharpe. 

Rucker  Bomarc 
Hydraulic  Control K ■  •  Package 

—All  built  to  Rucker's  demanding  stand- ards, specifically  selected,  matched,  and 
qualified  by  Rucker  to  provide  complete 
system  integration. 

THE  I 
PANY 

4700  San  Pablo  Avenue  .  OLympic  3-5221 
•  Oakland  8,  California 

LOS  ANGELES  •  OAKLAND  •  PORTLAND  •  SEATTLE  •  NEW  YORK 

Depend  on  Rucker  -  a  leader  in  electronic- hydraulic  control  systems  since  1941 
10  Circle  No.  16  on  Subscriber  Service  Card 
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REPEATING 

onto  the  Cape  complex.  Resulting 
fires  included  one  in  Complex  26, 
where  a  Jupiter  on  the  pad  was  dam- 
aged. 

Explosion  damage  estimates  were 
in  tens  of  thousands  of  dollars — 
mainly  for  cabling  and  support 
equipment  around  the  Jupiter.  A 
two-ft.-dia.  hole  burned  in  the  mis- 

sile has  forced  indefinite  delay  of  the 
Jupiter  launch. 

•  An  Atlas  F  ICBM  successfully 
fired  from  Cape  Canaveral  Oct.  19 
traveled  more  than  4000  miles  down 
the  Atlantic  Missile  Range.  The  mis- 

sile was  launched  by  an  all-AF  crew 
to  obtain  statistical  flight  data. 

•  Cosmos  XI,  latest  of  the  So- 
viet space  research  satellites,  was 

launched  Oct.  20.  Its  apogee,  accord- 
ing to  the  Soviet  news  agency  Tass, 

is  572  mi.  Perigee  is  152  mi.,  and  its 
period  is  96.1  min. 

•  A  specially  built  missile — pow- 
ered by  a  Sergeant  booster- — carried 

a  nuclear  device  to  an  altitude  of 
20-30  mi.  over  Johnston  Island  on 
Oct.  20.  The  high-altitude  nuclear 
device  was  in  the  low-yield  range — 
less  than  20,000  tons  of  TNT. 

•  In  a  test  Oct.  23  to  determine 
whether  removal  of  the  ventral  fin 
improves  re-entry  stability  during 

CHECKOUT  at  Cape  Canaveral  of  S3B 
satellite,  which  was  scheduled  to  be 
launched  Oct.  26.  Satellite  will  follow  a 
highly  elliptical  orbit,  ranging  from  170  to 
10,360  miles,  to  study  artificial  radiation 
belt  created  by  July  9  U.S.  high-altitude 
nuclear  test. 
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return  from  space,  X-15  pilot  Maj. 
Robert  Rushworth  delayed  using  the 
plane's  speed  brakes  until  after  en- 

gine burnout.  The  88-sec.  delay 
threw  the  plane  into  a  ballistic  path 
for  the  re-entry  test.  The  X-15 
reached  an  altitude  of  134,000  ft.  and 
a  speed  of  3818  mph. 

•  A  300-mile  flight  by  Pershing 
on  Oct.  22  marked  the  first  time  in 

Cape  Canaveral's  history  that  a  bal- listic missile  was  fired  from  other 
than  a  prepared  concrete  pad.  Tac- 

tical equipment  in  vans  was  used  for 
power  and  countdown,  while  the  reg- 

ular blockhouse  merely  monitored 
the  test. 

Second  Delay  for  ANNA 
Launch  of  ANNA — the  DOD/ 

NASA  geodetic  satellite  to  have  been 
shot  from  Cape  Canaveral  Oct.  24: — 
was  postponed  for  the  second  time. 

The  Pentagon  said  it  was  decided 
to  delay  the  ANNA  firing  until  after 
the  launch  of  SSB,  the  radiation- 
measuring  satellite,  scheduled  for 
Oct.  26. 

NASA  Readies  Patent  Rules 

NASA  will  announce  this  week 
new  patent  licensing  provisions  cov- 

ering inventions  developed  under  its 
R&D  contracts. 

The  regulations  will  detail  proce- 
dures to  be  used  by  missile/space 

firms  seeking  the  right  to  use  NASA- 
owned  patents. 

At  the  same  time,  the  space 
agency  will  publish  a  proposed 
"waiver  regulation"  under  which 
NASA  in  certain  instances  will  waive 
its  rights  to  the  title  of  patents.  A 
hearing  will  be  held  Dec.  10  to  get 
industry  opinion  on  the  merit  of  the 
proposed  regulation. 

Aerospace  Pilots  Picked 
Ten  more  Air  Force  pilots  were 

picked  for  the  Aerospace  Research 
Pilot  School  Advanced  Course  at 
Edwards  AFB,  Calif.  The  eight- 
month  course  is  designed  to  develop 
pilots  for  such  aerospace  projects  as 
the  X-20  Dyna-Soar  and  follow-on 
programs. 

Pilots  named  were:  Capt.  Alfred 
L.  Atwell,  North  Garden,  Va. ;  Capt. 
Charles  A.  Bassett,  Berea,  O. ;  Maj. 
Tommie  D.  Benefield,  Jefferson,  Tex. ; 
Capt.  Michael  Collins,  Alexandria, 
Va.;  Capt.  Joe  M.  Engle,  Chapman, 
Kans. ;  Maj.  Neil  R.  Garland,  Hicks- 
ville,  N.Y. ;  Capt.  Edward  G.  Givens, 
Quanah,  Tex. ;  Capt.  Francis  G.  Neu- 
beck,  Washington,  D.C. ;  Capt.  James 
A.  Roman,  Paris,  France;  and  Capt. 
Alfred  H.  Uhalt,  New  Orleans,  La. 

(Continued  on  page  47) 
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Thirty-plus  operational  . 

Cuba  Missile  Threat  Detailed 

MRBM's  resembling  T-4  in  place  at  bases; 

cruiser-type  IRBM's  depicted  in  drawing 

MORE  THAN  30  Soviet  medium- 
range  ballistic  missiles  now  are  opera- 

tional at  eight  to  ten  bases  in  Cuba, 
according  to  latest  Dept.  of  Defense 
estimates. 

Intelligence  sources  place  the  Cuban 
missile  sites  near  the  cities  of  Guanajay, 
Remedios,  San  Cristobal  and  Sagua  La- 
Grande.  Each  base  has  in  the  neighbor- 

hood of  four  launchers. 
Examination  of  line  drawings  and 

reconnaissance  photographs  released  by 
DOD  indicates  the  MRBM  threat  to  the 

U.  S.  to  be  far  greater  than  that  of 
Soviet  intermediate-range  ballistic  mis- 

siles, which  also  are  being  deployed  on 
the  Caribbean  island. 

The  Soviet  IRBM's  in  the  drawings 
appear  to  be  air-breathing  vehicles  of 
the  Mace-Matador  class  but  with  greater 
range.  Cruise  missiles  such  as  these 
could  be  intercepted  by  the  U.  S.  Nike- 
Hercules. 

DOD  officials  declined  to  comment 
on  the  capability  for  such  interception 
and  would  not,  in  fact,  confirm  the  air- 

by  James  Trainor 

breathing  nature  of  the  Soviet  IRBM's. 
No  IRBM's  appear  in  the  reconnais- 

sance photos,  although  site  preparation 
for  them  is  evident. 

DOD  officials  declined  to  identify 
any  of  the  Soviet  missiles  in  the  photos 
or  drawings,  which  also  included  sur- 

face-to-air and  sea  surface-to-surface 
weapons. 

But  the  medium-range  missile  ap- 

pears to  be  the  Soviet's  T-4 — an  im- 
proved and  smaller  version  of  the  T-2 

1RBM.  The  two-stage  T-4  is  about  53 

|  TENT  A  RE  j 

DOD  PHOTO  shows  Soviet  MRBM's  on  trailers  next  to  launchers.  Inset  gives  closer  view. 
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ft.  long  and  can  carry  an  1800-lb.  nu- 
clear warhead.  Both  stages  use  LOX/ 

alcohol  propellants.  The  first  stage 
engine  is  the  R-14,  which  develops 
over  200,000  lbs  thrust.  The  second 
stage  uses  one  R-10  with  approximately 
78,000  lbs.  thrust.  The  U.  S.  has  no 
missile  of  comparable  characteristics  in 
its  arsenal. 

The  IRBM  seems  to  be  a  type  not 
yet  shown  publicly  by  the  Russians.  In 
the  configuration  released  by  DOD,  it 
appears  to  be  similar  to  the  improved 
version  of  the  Mace.  It  is  possible  that 
the  IRBM  is  the  T-5A — a  solid-fueled, 
guided  missile  about  which  little  is 
known. 

The  surface-to-air  missiles  appear 
from  the  recon  photos  to  be  T-8's  with 
a  range  of  15-25  miles  at  a  speed  of 
Mach  2.5.  The  ceiling  of  these  weapons 
is  approximately  79,280  ft.  The  first 
stage  of  the  13-ft.-long  missile  consists 
of  a  cluster  of  two  solid-fueled  boosters 
with  a  thrust  of  4000  lbs.  The  second 
stage — liquid-propelled — develops  4000 
lbs.  thrust.  Employing  an  HE  warhead 
with  a  proximity  fuse,  the  missile  has 
been  sighted  in  East  Germany  in  its 
characteristic  deployment  pattern  of  six 
launchers. 

Although  designed  as  a  surface-to- 
air  missile,  the  Golem  III  most  closely 
approximates  the  visible  characteristics 
of  the  two  missiles  carried  by  the  Komar 
motor  patrol  boats.  Armed  with  a  con- 

ventional warhead,  Golem  III  has  a 
range  of  10  miles  and,  in  its  surface- 
to-air  role,  a  ceiling  of  over  65,000  ft. 
The  solid-fueled  missile  is  over  15  ft. 
long,  20  in.  dia.  and  weighs  approxi- 

mately 4500  lbs. 
Deployment  of  the  systems  gives 

the  Soviets  a  nuclear  strike  capability 
against  the  Western  Hemisphere.  The 
extent  of  the  threat  was  graphically  illus- 

trated by  the  President  in  his  Oct.  22 
television  address  when  he  pointed  out 
that  the  lOOO-mi.-range  MRBM's  are 
capable  of  striking  Washington,  D.  C, 
the  Panama  Canal,  Cape  Canaveral, 
Mexico  City  or  any  other  city  in  the 
Southeastern  part  of  the  United  States, 
in  Central  America  or  in  the  Caribbean 
area  (M/R,  July  18,  1960,  p.  51). 

The  2200-mi.-range  IRBM's,  he 
said,  could  hit  most  of  the  major  cities 
in  the  Western  Hemisphere,  ranging  as 
far  North  as  Hudson's  Bay,  Canada, and  as  far  South  as  Lima,  Peru. 

•  Details  revealed — To  support  the 
U.  S.  contention  that  these  offensive 
weapons  were  in  fact  being  deployed, 
the  Defense  Department  released  its 
series  of  aerial  photographs  showing 
the  missile  sites  in  various  stages  of 
construction. 

In  a  briefing  following  the  Presi- 
dent's signing  of  a  proclamation  autho- 
rizing interdiction  of  the  delivery  of 

offensive  weapons  to  Cuba,  Secretary RECON  SHOT  of  cruise  IRBM  base  being  built.  Drawing  shows  configuration. 

missiles  and  rockets,  October  29,  1962 

13 



Nuclear  warhead  presence  assumed  .  .  . 

of  Defense  Robert  S.  McNamara  out- 
lined the  characteristics  of  the  offensive 

threat. 

The  MRBM's,  he  said,  are  mobile 
and  have  a  capability  to  be  deactivated, 
moved,  reactivated  on  a  new  site  and 
ready  for  operations  within  a  period 
of  about  six  days.  These  missiles — some 
of  which  are  ready  to  fire  now — have 
a  range  of  more  than  1000  n.mi.  and 
carry  a  medium-size  nuclear  warhead. 
(A  medium-size  warhead,  in  U.  S.  par- 

lance, is  in  the  20kt-lmt  range.) 
(Earlier,  a  Defense  spokesman  gave 

a  more  detailed  description  of  the 
MRBM's.  The  launchers,  he  said,  were 
aligned  to  a  specific  section  of  the  U.  S. 
MRBM's  are  taken  to  the  launch  site 
aboard  trailers  which  are  moved  to  the 
launcher.  The  missile  is  then  grasped  by 
the  launcher  and  erected,  and  the  trailer 
moves  away.  Pre-surveyed,  prepared 
sites  are  required,  as  well  as  missile 
check-out  facilities.) 

Turning  to  the  IRBM's,  McNamara 
pointed  out  that  these  missiles  required 
fixed  sites,  which  are  now  in  various 
stages  of  construction.  However,  the 
Secretary  made  it  clear  that,  as  yet, 
none  of  the  IRBM  sites  was  operational. 

"I  am  not  prepared  to  say  whether we  have  found  that  IRBM  missiles  are 

in  Cuba,"  he  said.  "But  IRBM  instal- 
lations and  associated  equipment  are 

there.  I  am  not  saying  that  the  missiles 
are  or  are  not.  I  am  simply  not  distin- 

guishing between  the  missiles  and  the 

equipment." 
The  IRBM's,  also  carrying  nuclear 

warheads,  have  a  range  of  approxi- 

mately 2200  miles.  A  Defense  spokes- 
man said  four  missile  launchers  of  the 

IRBM  category  are  being  prepared  at 
fixed  locations  with  a  control  bunker  be- 

tween each  pair.  Cables  link  the  control 
bunker  to  each  missile  in  the  pair.  The 
IRBM  sites  are  not  hardened,  accord- 

ing to  DOD. 
Both  of  the  offensive  weapons  sys- 

tems, a  DOD  spokesman  said,  are  being 
manned  and  operated  by  Russians. 

The  high  quality  of  the  missile  sys- 
tems differs  substantially  from  other 

weapons  furnished  by  the  Soviets  to  the 
Cubans  or  other  satellites,  a  DOD 

spokesman  said.  Soviet  MRBM's  and 
IRBM's  have  not  been  provided  to  any 
satellite  country  heretofore,  he  noted. 

Crisis  Won't  Affect 
Canaveral  Launchings 

Cape  Canaveral — The  Cape  ex- 
pects to  carry  on  business  as  usual 

during  the  Cuban  crisis. 
Maj.  Gen.  Leighton  I.  Davis, 

commander  of  the  Air  Force  Missile 
Test  Center,  said  last  week  he  ex- 

pected the  R&D  program  to  continue 
without  change.  He  told  a  news  brief- 

ing that  only  the  outbreak  of  war 
would  alter  the  schedule. 

•  Other  missile  systems — Two  other 
categories  of  missiles  have  been  supplied 
to  Cuba,  the  Secretary  of  Defense  said. 
These  include  surface-to-air  missiles  as- 

sociated with  air  defense  facilities  and 
sea  surface-to-surface  missiles  mounted 

on  patrol  boats  and  used  presumably  in 
terms  of  costal  defense  against  naval 
vessels. 

The  latter,  a  DOD  spokesman  said, 
are  "a  ship-directed  missile,  short-range, 
not  of  the  type  that  you  would  expect 
to  launch  against  a  land  target  under 
anything  but  the  most  extreme  circum- 

stances." Mounted  on  Komar  motor 
patrol  boats,  these  missiles  carry  con- 

ventional, non-nuclear  warheads  and 
are  used  for  coastal  defense  operations. 

The  surface-to-air  missiles — also 
among  the  most  modern  of  Soviet  wea- 

pons— are  employed  in  a  six-launcher 
circular  pattern  with  a  control  center 
located  in  the  center.  The  "Fruit  Set" 
radars  used  by  the  Soviets  are  located 
in  close  proximity  to  these  emplace- ments. 

In  discussing  nuclear  warheads  for 
the  offensive  systems,  McNamara 
pointed  out  that  "it  is  extremely  diffi- 

cult for  us  to  specifically  identify  nu- 
clear warheads.  But  I  think  in  view  of 

the  fact  that  we  know  and  have  identi- 
fied substantial  numbers  of  missiles  that 

can  only  operate  with  nuclear  warheads 
it  is  fair  to  assume  such  warheads  are 

on  the  island." Earlier  a  Defense  spokesman  had 
told  newsmen  that  "it  is  almost  incon- 

ceivable .  .  .  that  there  would  be  missiles 

.  .  .  without  accompanying  warheads." The  seriousness  of  the  threat  was 

pointed  up  by  one  official's  statement that  the  U.  S.  does  not  have  the  means 

to  intercept  this  type  of  missile.  "These 
are  missiles  that  operate  at  speeds  some- 

what less  than,  but  similar  to,  ICBM's and  neither  the  Soviet  Union  nor  we 
have  operating  anti-intercontinental  or 
intermediate  range  ballistic  missiles  sys- 

tems," he  said. 
•  U.  S.  countermoves — To  meet  the 

threat,  air  defense  units  have  been 
shifted  to  the  Southeastern  part  of  the 
U.  S.  Reportedly  included  in  these 
moves  were  three  Hawk  battalions.  These 
units  along  with  Nike-Hercules  battal- 

ions would  be  used  to  counter  the  threat 
posed  by  the  IL-28  jet  bombers  also 
being  deployed  in  Cuba. 

The  IL-28  is  a  medium-range  jet 
aircraft  with  a  radius  of  action  of  ap- 

proximately seven  or  eight  hundred 
miles.  In  contrast  to  the  missile  systems, 
the  IL-28  are  not  modern  aircraft;  they 
were  first  produced  in  the  early  1950's. 

The  quarantine  presently  in  effect 
against  importation  of  any  further  offen- 

sive weapons  into  Cuba  covers  "surface- to-surface  missiles,  bomber  aircraft, 
bombs,  air-to-surface  rockets  and  guided 
missiles,  warheads  for  any  of  the 
above  weapons,  mechanical  or  elec- 

tronic equipment  to  support  or  operate 
the  above  items  and  any  other  classes 
of  materiel"  designated  by  the  Secretary of  Defense. 

(Continued  on  page  47) 
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Despite  five  failures  .  .  . 

Expanded  Ranger  Series  May  Total  20 

Surveyor  slippage  to  1965  responsible  for  considering 

pushing  program  beyond  presently  scheduled  14  vehicles 

JPL  scientists  now  plan  an  increased 
Ranger  lunar  spaceflight  program  call- 

ing for  the  launch  of  as  many  as  20 
spacecraft. 

The  expanded  schedule  is  being  con- 
sidered despite  five  straight  Ranger  fail- 

ures, including  the  most  recent  on  Oct. 
18,  when  the  Ranger  V  power  system 
failed  8  hours  and  46  minutes  after 
launch.  The  vehicle  missed  the  Moon 
by  about  450  miles  and  went  into  orbit 
around  the  Sun. 

Primary  objective  is  to  fill  the  un- 
manned lunar  exploration  gap  created 

by  delay  in  the  Surveyor  program. 
Proposed  payloads  for  the  additional 

flights  include  facsimile  pictures  taken 
on  the  lunar  surface  and  a  study  of  pos- 

sible interplanetary  life. 
Plans  for  additional  spacecraft  above 

the  currently  approved  14  were  disclosed 
to  Missiles  and  Rockets  by  Ranger 
program  chief  Newton  W.  "Bill"  Cun- 
ningham. 

Predicting  that  the  hard-landing 
lunar  spacecraft  series  would  have  a 
long  life,  Cunningham  said  that  as  many 
as  20  flights  may  be  made. 

Officials  at  NASA  headquarters  con- 
firmed that  additional  flights  were  being 

discussed — even  though  the  program 
was  only  recently  increased  from  nine 
to  14. 

They  said,  however,  that  other  num- 
bers besides  20  were  being  considered. 

The  officials  reported  that  further 
Ranger  flights  will  probably  depend 
upon  the  schedule  of  the  Surveyor 
spaceflight  series.  Originally  scheduled 
for  1963,  Surveyor  has  now  slipped 
until  early  1965  because  of  the  prob- 

lems in  Centaur  launch  vehicle  develop- 
ment. 

Even  the  1965  date  is  tentative. 
NASA  now  says  that  final  scheduling 
will  not  be  made  until  early  next  year 
when  a  review  of  the  Centaur  program 
is  completed. 

In  addition,  the  first  Surveyor  flights 
will  merely  orbit  the  Moon.  Attempts 
to  soft-land  experiments  on  the  lunar 
surface  will  not  be  made  until  a  year 
later. 

Thus,  further  Ranger  flights  in  1965 
could  fill  the  gap  before  the  Surveyor 

by  Chris  Butler 

landing  flights  begin  or  further  slippage 
occurs  in  its  launch  schedule. 

The  officially  approved  Ranger 
schedule  now  calls  for  launch  of  Ranger 
VI  in  the  first  quarter  of  1963.  Flights 
seven,  eight  and  nine  will  follow  at 
three-month  intervals.  In  1964,  Rangers 
X  through  XIV  will  be  launched. 

Rangers  VI-IX  will  each  carry  six 
cameras — two  wide-angle  and  four 
narrow-angle.  Payloads  for  Rangers  X- 
XIV  have  not  been  determined,  but  it 
is  expected  that  the  six  TV  cameras 
and  the  balsa  wood  retro  firing  lunar 
impact  capsule  will  be  repeated  in  some 
of  those  flights. 

•  Versatility — In  predicting  a  long 
life  for  the  Ranger  program,  Cunning- 

ham said  that  a  wide  assortment  of  fact- 
finding missions  can  be  assigned  to  the 

spacecraft  and  the  lunar  impact  capsule. 
"We  have  developed  a  bus,  capsule, 

retro  motor  and  radar  altimeter,"  he 
said.  "We  can  do  many  things  with 

them." 
Cunningham  said  several  different 

types  of  payloads  have  been  proposed 
for  the  25-in.  ball  and  that  studies  have 
been  under  way  on  at  least  two  of  these. 

One  of  these  advanced  studies  was 
made  by  the  Aeronutronic  Division  of 

the  Ford  Motor  Co.  and  the  other  by 
the  Langley  Research  Center. 

Both  studies  were  done  under  con- 
tract to  JPL. 

The  study  performed  by  Aeronu- 
tronic, developer  of  the  lunar  impact 

capsule,  covered  design  of  a  facsimile 
machine  which  can  be  housed  in  the 
12-in.-dia.  inner  ball  and  become  opera- 

tional shortly  after  impact. 
Cunningham  said  the  equipment  in- 

cludes a  system  of  lenses  and  mirrors  to 
scan  the  lunar  horizon  and  transmit 
facsimile  pictures  back  to  Earth. 

The  pictures  are  recorded  in  a  series 
of  lines  in  a  manner  similar  to  that 
used  in  transmitting  news  photos  by  wire. 

The  Langley  study  was  directed  to- 
ward developing  a  means  of  using  ac- 

celerometers  and  a  penetrometer  to 
measure  the  hardness  of  the  lunar 
terrain. 

The  penetrometer  and  accelerom- 
eters  are  mounted  in  the  ball  with 
equipment  to  transmit  data  back  to 
Earth.  The  penetrometer  measures  the 
distance  penetrated  as  a  result  of  a  spe- 

cific thrust  while  the  accelerometers  de- 
termine the  texture  of  the  soil  by  re- 
porting the  rate  of  deceleration  after 

being  ejected  from  the  capsule.  8 

Eight  More  Tiros  Vehicles  Planned 

ANNOUNCEMENT  is  expected 
in  the  near  future  of  a  procurement 
schedule  for  a  Tiros  Operational 
Meteorological  Satellite  system  which 
may  call  for  eight  more  satellites. 

Weather  Bureau  sources  indicate 
disclosure  of  the  new  program  could 
come  this  week.  Other  government 
sources  report  it  may  take  longer. 

The  NASA  Tiros  program  orig- 
inally called  for  eight  satellites,  of 

which  six  have  already  been  launched. 
Dr.  S.  Fred  Singer,  director  of 

the  Weather  Bureau's  Satellite  Op- erations Center,  has,  however,  called 
for  six  more  launches  to  provide  con- 

tinuous coverage  until  the  advanced 

Nimbus  satellite  is  ready.  Under  the 
Singer  plan,  NASA  and  the  Weather 
Bureau  would  each  fund  three  of  the 
satellites. 

There  is  nevertheless  a  good 
chance  that  Nimbus  may  now  slip 
into  late  1964  or  early  1965.  Thus, 
both  groups  are  giving  serious  con- 

sideration to  increasing  the  Tiros  pro- 

gram to  16. The  announcement  will  detail 
how  many  more  satellites  will  be 
launched  and  which  agency  will  fund 
them.  In  any  case,  NASA,  through 
its  Goddard  Space  Flight  Center,  will 
manage  procurement  for  the  program. 
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70-minute  countdown 

Sergeant  Success  Indicates  Readiness 

First  tactical  firing  by  Army  artillery  of  replacement 

for  Corporal  points  to  overseas  deployment  in  early  '63 

by  Charles  D.  LaFond 

White  Sands  Missile  Range,  N.  M. 
— First  tactical  firing  of  the  Sergeant 
missile  by  U.  S.  Army  artillerymen  has 
demonstrated  the  weapon's  readiness  for 
operational  deployment. 

The  pre-launch  countdown,  which 
normally  requires  less  than  45  minutes, 
was  marred  last  week  by  a  25-minute 
hold  caused  by  launcher  difficulties.  An 
air-transportability  test  with  the  full  Ser- 

geant system  was  cancelled  because  of  a 
transport  aircraft  priority  suddenly  im- 

posed in  response  to  the  Cuban  crisis. 
The  solid-fuel  Sergeant,  with  a  25-75 

nautical-mile-range,  is  to  replace  the 
more  cumbersome  Corporal.  The  Oct. 
24  shot  went  the  full  75  miles.  Thrust 
was  45,000  lbs. 

This  first  firing  by  user  troops  was 
carried  out  by  members  of  the  3rd  Mis- 

sile Batallion,  38th  Artillery,  Ft.  Sill, 
Okla. — first  of  three  Sergeant  batallions 
organized  this  year. 

•  Operational  philosophy — Sergeant, 
together  with  its  highly  trained  Army 
operators,  will  be  ready  for  overseas 
deployment  early  next  year. 

West  Germany  will  purchase  the 
system,  according  to  an  announcement 
made  here  last  week.  First  elements  of 
an  expected  70  to  100  German  techni- 

cians have  already  arrived  here  for  Ser- 
geant training.  Details  on  the  amount 

SERGEANT  CONTRACTORS 
Program  Management       Army  Missile  Com- 

mand, Redstone 
Arsenal 

Prime  Contractor  Sperry  Utah  Co  divi- 
I  R&D  and  sion  of  Sperry-Rand 
Production)  Corp. 

Gas-Turbine  Generators  AiResearch  Man- 
ufacturing Co. 

PRINCIPAL  SUBCONTRACTORS 
Solid-propellant  motor  Thiokol  Chemical Corp. 

Gyroscopes,  Warhead  Minneapolis-Honey- 
subsystems  well  Regulator  Co. 

Erector-Launcher  Ling-Temco-Vought  Inc. 
Transport  Trailers  Fruehauf  Trailer  Co. 
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of  the  purchase  and  number  of  missiles 
involved  were  not  immediately  disclosed. 
The  missiles  are  not  likely  to  be  built 
outside  the  U.  S. 

M/R  has  also  learned  that  purchase 
of  the  Sergeant  by  other  European  na- 

tions is  expected  to  be  announced 
shortly.  Among  these  are  Belgium,  The 
Netherlands  and  possibly  Italy.  The 
U.  S.  will  retain  control  of  nuclear 
warheads. 

The  system  can  deliver  a  nuclear, 
chemical  or  biological  warhead.  It  is 
not  designed  for  a  high-explosive  pay- 
load. 

Completely  air  transportable,  the 
system  includes  two  missile-transport 
vehicles,  two  electronic  test  stations,  a 
communications  vehicle,  plus  the  launch 
station  and  prime  mover.  All  are  highly 
mobile.  With  its  high-energy,  solid-fuel 
propulsion  system  and  its  all-inertial 
guidance,  Sergeant  is  expected  to  be 
vastly  superior  to  Corporal,  which  is 
liquid  fueled  and  radio  controlled. 

The  Sergeant  mission,  like  that  of  its 
predecessor,  will  be  to  support  a  field 
army  corps.  Its  capability  places  it  op- 

erationally between  the  short-range 
Honest  John  or  Lacrosse  missiles  and 
the  much  longer-range  Redstone  and Pershing. 

The  3rd  Missile  Batallion  was  or- 
ganized at  Ft.  Sill  last  May  19.  This 

was  the  first  Army  unit  to  be  trained  and 
equipped  with  Sergeant.  Two  more  bat- 

talions have  since  been  organized  at  Ft. 
Sill:  the  3rd  Missile  Battalion,  81st  Ar- 

tillery, and  the  5th  Missile  Battalion, 
77th  Artillery. 

While  some  Army  officials  still  do 
not  consider  Sergeant  the  optimum  field 
weapon,  a  follow-on  program  for  a 
more  advanced  system  does  not  exist. 
Sergeant  is  expected  to  be  operational 
for  at  least  7  to  10  years,  though  it  will 
undergo  continual  subsystem  improve- 
ment. 

•  Development  history — Corporal 
was  deployed  in  Europe  in  1955.  How- 

ever, the  system  lacked  mobility  and  op- 
erational flexibility.  It  required  4  to  6 

hours  to  set  up  and  launch  even  under 
the  best  circumstances.  With  its  fixed- 
program,  radio-controlled  guidance, 
Corporal  was  subject  to  electronic 
countermeasures. 

The  Sergeant  R&D  program  was  be- 
gun in  1955.  Jet  Propulsion  Laboratory, 

developer  of  Corporal,  was  again  se- 
lected to  serve  as  R&D  manager.  Sperry 

SERGEANT  firing  position  takes  advan- 
tage of  foliage  for  cover. 
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Gyroscope  Co.  was  picked  to  be  a  co- 
contractor  for  R&D  in  1956,  and  prime 
contractor  for  subsequent  system  pro- 
duction. 

Sperry  built  a  separate  facility — 
Sperry  Utah  Engineering  Laboratory 
near  Salt  Lake  City,  Utah — in  which  to 
perform  its  part  of  the  program.  The 
facility  is  now  known  as  Sperry  Utah 
Co. 

The  entire  R&D  program  was  trans- 
ferred to  Sperry  when  J  PL  became  a 

principal  contractor  for  the  National 
Aeronautics  and  Space  Administration 
in  July  1960. 

System  development  encountered  se- 
rious difficulties.  The  initial  concept  of 

such  a  tactical  weapon  system  pressed 
the  state  of  the  art  (in  1955-56)  to  the 
limit.  Development  of  aerodynamic 
dragbrakes  to  control  range  was  a  major 
problem.  The  firing  set  also  was  beset 
with  design  difficulties  that  significantly 
retarded  final  development  of  the  sys- 

tem. In  addition,  the  program  experi- 
enced more  than  its  share  of  trouble  in 

attempts  to  improve  overall  systems 
reliability. 

•  A  5-ton  bird — The  assembled 
Sergeant  missile  weighs  roughly  10,000 
lbs.,  including  its  1600-lb.  warhead.  It 
is  31  in.  dia.  and  34V2  ft.  long. 

Four  principal  assemblies  comprise 
the  missile:  the  solid-fuel  rocket  motor 
section  (afterbody),  the  guidance  and 
control  section  (center),  the  warhead 
(forebody),  and  four  control  surfaces 
that  snap  onto  the  rear  portion  of  the 
motor  section. 

The  rocket  motor  includes  an  igniter 
and  ignition  circuitry. 

The  guidance  section  contains  a 
three-gyro  stable  platform,  accelerom- 
eters,  digital  flight  data  processor  and 
programer,  platform  electronics,  con- 

trol assembly  and  power  supply.  Petal- 
shaped  drag  brakes  are  extended  and  re- 

tracted as  directed  by  the  guidance  sys- 
tem to  compensate  for  variable  motor- 

burnout  time  and  to  adjust  range  limits. 
The  guidance  package  is  cylindrical, 

weighs  125  lbs.  and  is  roughly  18  in.  dia. 
by  2V2  ft.  long. 

The  four  interchangeable  fins  or 
control  surfaces  provide  aerodynamic 
stability  and  permit  attitude  control  and 
limited  flight-path  maneuver. 

Each  fin  is  transported  separately 
in  a  sealed  container,  as  are  the  three 
missile  frame  sections.  The  containers 
are  provided  with  special  adapter  con- 

nectors to  permit  automatic  checkout 
without  disturbing  the  seals. 

A  semitrailer  transporter  carries  the 
motor  and  guidance  sections;  the  re- 

mainder of  the  missile  is  carried  in  a 
warhead  transporter. 

•  The  launching  station — All  equip- 
ment required  to  remove,  lift  and  as- 

semble missile  sections;  to  align  the 
guidance  platform  and  program  the 

GUIDANCE  SECTION  being  attached  to  rocket  motor  section.  Warhead  will  be  placed 
at  forward  end.  Fins  snapped  onto  motor  section  to  complete  assembly. 

missile  computer;  and  to  launch  the 
missile,  is  provided  by  the  launching 
station. 

The  launching  station  is  composed 
of  a  specially  designed  semitrailer,  su- 

perstructure, azimuth  orientation  unit, 
firing  set  and  enclosure,  and  a  gas- 
turbine-driven  electric  generator  set. 

For  support,  the  vehicle  is  raised  and 
leveled  about  18  in.  above  ground  on 
three  hydraulic  jacks,  one  at  the  rear 
and  two  that  are  swung  out  on  folded 
steel  girders  from  each  side  of  the  for- 

ward end.  This  also  permits  removal 
of  the  prime  mover  from  the  firing  area. 

An  electrohydraulically  operated 
main  boom  lifts  and  holds  the  missile 
sections  during  assembly,  and  launches 
the  weapon  when  raised  to  the  firing 
position.  Missile  assembly,  according 
to  the  Army,  can  be  performed  by  a 
six-man  crew  in  seven  minutes. 

Missile  orientation  is  achieved  with 
the  Azimuth  Orientation  System,  which 
is  comprised  of  an  Azimuth  Orientation 
Unit  (AOU),  T2  reference  theodolite 
survey  target  set,  and  a  missile  orienta- 

tion target  (see  accompanying  diagram). 
The  AOU  is  inserted  into  the  guid- 

ance section  to  align  the  inertial  plat- 
form on  a  computer  firing  azimuth. 

The  theodolite  is  analogous  to  the  aim- 
ing circle  in  conventional  artillery.  Sur- 
vey parties  extend  survey  control  to 

a  prescribed  accuracy  (minimum)  of 
1:1000  in  position  location,  and  direc- 

tion is  accurate  to  0.3  mil  at  the  firing 
site. 

The  firing  set,  located  at  the  front 
end  of  the  vehicle,  is  used  to  insert 
all  target  information  and  to  perform 
on-line  checkout  up  through  the  actual 
launch.  It  includes  complete  dual  redun- 

dancy, with  manual  switchover  in  case 
of  failure  of  one  set. 

Finally,  the  set  controls  the  auto- 
matic firing  of  the  missile,  although  a 

manual  override  is  provided. 
•  Checkout  and  repair — Two  serv- 
ice vehicles  provide  support  through 

fourth-echelon  maintenance.  The  Organ- 
izational Maintenance  Test  Station  is 

used  in  the  forward  area  and  is  assigned 
(Continued  on  page  37) 
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MORGAN  HILL,  CALIFORNIA  -  Low  erosion  rate 
exit  cone  passes  100,000  pounds  thrust  for  135  seconds 
as  huge  35-ton  segmented  solid-propellant  flightweight 
booster  is  test  fired  by  the  United  Technology  Corpora- 

tion for  Air  Force  Space  Systems  Division.  Extended 

duration  firing  paves  the  way  for  multi-million  pound 
thrust  rockets.  □  In  this  significant  solid-propellant 
achievement,  a  composite  of  U.  S.  Polymeric  Poly-Preg 
graphite  tape  and  silica  tape  showed  uniform  erosion  rates 
well  below  those  heretofore  attained  in  large  rocket  firings. 

Chem/cats,  inc. 

Poly-  Preg 

SANTA  ANA.  CALIFORNIA STAMFORD.  CONNECTICUT UTRECHT.  HOLLAND 
©1962  U.  S.  Polymeric  Chemicals,  Inc. 

Leader  in  research,  development  and  supply  of  reinforced  plastic  prepreg  materials  for  aerospace  applications. 
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Meet  the  FR-800— the  wideband  recorderthat  offers 
greater  performance,  greater  reliability.  With  this 
advanced  recorder/reproducer  you  can  capture  two 
tracks  of  radar  data.  Or  record  both  radar  data  and 

a  picture.  All  without  radio-frequency  interference. 
The  FR-800  has  a  specially  plated  glass  cover  to 
meet  RFI  spec  MIL-l-26600,  class  3.  In  fact,  every 
component  has  been  made  to  military  specifications. 
Every  circuit  designed  for  military  reliability  require- 

ments. You  can  mount  the  FR-800  in  a  submarine. 
Use  it  for  radar  reconnaissance,  radar  tracking,  pre- 
detection,  communication  monitoring  — any  applica- 

tion covering  the  frequency  range  of  10  cps  to  4  Mc! 

You'll  find  it  convenient  to  operate.  Want  more  data? 
Write  the  only  company  providing  recorders,  tape 
and  memory  devices  for  every  application:  Ampex 
Corporation,  934  Charter  St.,  Redwood 
City,  Calif.  Worldwide  sales  and  service. 
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J-M  THERMOMAT  now  supplied  in  tape  form! 

Create  rugged  missile  components  and  parts  from  this  asbestos-phenolic  molding 
compound . . .  designed  for  tape  winding  or  hand  layup  and  ease  of  molding 

tain  various  inorganic  fillers  for  improved  thermal  per- 
formance. Elastomer-modified  phenolic  resin  styles  are 

available  for  fabricating  semi-rigid  to  highly  flexible 
parts.  J-M  can  also  provide  compositions  that  result  in 
extremely  low  finished-part  density.  Though  specially 
designed  for  tape  winding  operations,  the  versatility  of 
Thermomat  Tape  makes  it  readily  adaptable  for  hand 
layup,  and  low-  to  high-pressure  molding,  keeping  in- 

ventory waste  to  a  minimum. 
The  uncured  tape  is  supplied  in  rolls,  l1/*"  wide  by 

0.050"  thick  ...  in  lengths  of  approximately  320  feet 
.  . .  weighing  about  16  lbs.  net.  When  stored  at  tempera- 

tures not  exceeding  40F,  it  has  a  shelf  life  of  up  to  6 
months.  Molders  are  invited  to  write  for  Technical  Bul- 

letin Tx-14A.  Write  to  Johns-Manville,  Box  359,  New 
York  16,  N.  Y.  In  Canada,  address  Port  Credit,  Ont. 
Cable:  Johnmanvil. 

Johns-Manville  |rf] THERMOMAT  (PffM! 

Johns-Manville  Thermomat  Tape  produces  components 
and  parts  that  withstand  tremendous  heat  and  pres- 

sure. Providing  thermal  shielding  and  maximum  re- 
sistance to  flame  erosion  with  uniform  ablation,  it 

meets  extreme  high-temperature  demands  in  rocket  and 
missile  applications. 

The  tape  is  made  of  100%  ASTM  grade-AAAA  long, 
oriented  chrysotile  asbestos  fiber,  saturated  with  a  phe- 

nolic resin  meeting  military  specifications  MIL-R-9299. 
Flexible  and  tacky  before  curing,  the  partially  dried 
tape  is  extremely  conformable.  Good  fiber  dispersion 
provides  maximum  and  uniform  reinforcement  to  the 
cured  Thermomat.  The  unique  characteristics  of  the 
tape  allow  easy  working  together  of  joints  and  permit 
free  flow  of  fiber  during  molding.  Even  in  intricate 
configurations,  non-fillouts  and  resin-rich  areas  are  re- 

duced to  a  minimum.  Molded  parts  can  be  easily  ma- 
chined and  finished  into  precision  units  with'  close dimensional  tolerances. 

J-M  Thermomat  Tape  is  available  in  a  variety  of 
styles  with  varying  resin,  asbestos  fiber  and  additive 
contents  to  allow  fabrication  of  components  for  specific 
applications.  Many  Thermomat  styles,  for  example,  con- 
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Technical  Countdown 

ELECTRONICS 

Bionics  Breakthrough  Claimed 

Sperry  Gyroscope  Co.  scientists  claim  a  breakthrough 
with  their  development  of  a  bionic  "brain  cell,"  called  Scep- 
tron  (Spectral  Comparative  Pattern  Recognizer) .  Measuring 
only  1/300  cu.  in.,  the  fiber-optics  assembly  has  a  package 
density  of  300,000  frequency  channels  per  cu.  in.  Self  pro- 

graming, it  operates  in  real  time  and  in  the  frequency  range 
of  from  100  cps  to  20  kc.  The  cell,  Sperry  says,  can  dis- 

criminate between  different  voices  and  even  similar  sounds. 

TAR  Tests  Successful 

A  light-weight  terrain-avoidance  radar  (TAR)  developed 
by  General  Dynamics/Electronics,  San  Diego,  may  find  ap- 

plication in  Army  drones  or  aircraft.  The  40-lb.,  V2-CU.  ft. 
system  employs  an  on-boresight  radar  with  a  non-scanning 
antenna,  has  a  built-in  analog  computer  and  requires  no 
radar-scope  presentation  for  manned  craft.  The  system  has 
been  flight-test  operated  for  more  than  150  hrs.  at  altitudes 
under  400  ft.  over  all  types  of  terrain,  GD/A  reports. 

Super-speed  Research  Camera  Revealed 

Using  a  fiber-optics  image-dissection  camera,  Bell-Tele- 
phone Laboratories  reports  it  is  capable  of  taking  75  X-ray 

photographs  at  a  rate  of  400,000  fps  with  good  resolution. 
The  technique  is  said  to  be  ideal  for  recording  rapidly 
changing  phenomena.  The  glass  fibers,  imbedded  in  a  matrix, 
conduct  light  to  a  photographic  plate.  Phosphor-coated  at 
one  end,  the  fibers  convert  X-rays  to  visible  light.  A  matrix 
and  a  rapidly  moving  plate  serve  as  a  very-high-speed  re- 

corder. The  3-in.-sq.  by  1-in.  matrix  contains  32,000 
sheathed  optical  fibers  held  in  an  opaque  epoxy. 

Tracker  Pointing  Accuracy  Improved 

System  pointing  accuracies  of  better  that  0.1°  have 
been  achieved  with  a  new  broadband  antenna  feed  devel- 

oped by  Dynatronics,  Inc.  This  new  high  in  accuracy, 
company  officials  said,  was  set  in  operational  tests  of  a  unique 
dual-conical  scan  feed  built  to  track  missiles  and  spacecraft. 
The  unit  is  the  first  in  a  series  of  such  feeds  designed  to  fit 
a  number  of  auto-tracking  telemetry  antenna  applications 
requiring  both  broad  (10  to  1)  bandwidth  and  extreme 
tracking  accuracy.  Other  units  reportedly  are  being  built 
for  installation  on  Atlantic  Missile  Range  tracking  ships  and 
at  down-range  stations. 

ADVANCED  MATERIALS 

Rubber  Insulators  for  Solids? 

United  States  Rubber  Co.  scientists  are  working  toward 
rubber-resin  and  rubber-fiber  combinations  to  replace  plas- 

tics as  insulators  in  solid  rocket  motors.  Both  of  these  flex- 
ible materials  tend  to  char  and  erode  much  slower  than 

plastic  components  now  in  use.  The  rubber  weighs  less  than 
plastics  and  withstands  a  broader  temperature  range. 

Aerojet  Produces  Tungsten  Tubing 

By  a  proprietary  process,  Aerojet-General  Nucleonics  is 
turning  out  tungsten-uranium  tubing  of  various  cross-sec- 

tions in  strips  up  to  five  feet  long.  The  experimental  process 
may  simplify  development  of  compact,  high-temperature 
fast  nuclear  reactors.  Tungsten  tubing  has  been  fabricated 
containing  a  13%  (by  weight)  dispersion  of  uranium  oxide 
with  a  theoretical  density  of  99%.  Pure  tungsten  tubes  have 
also  been  made.  The  process  is  now  undergoing  manufac- 

turing development  aimed  at  advanced  reactor  applications. 

Thermo-Lag  Evaluated  for  Re-entry 

Under  a  NASA  contract,  Emerson  Electric  is  evaluating 
its  Thermo-Lag  heat-blocking  compounds  for  re-entry  heat 
protection  in  advanced  manned  spacecraft.  This  is  the  third 
straight  contract  from  the  space  agency  to  Emerson  for  the 
same  general  purpose.  Though  samples  of  Thermo-Lag  were 
tested  aboard  the  Sigma-7  Mercury  capsule,  NASA  has  not 
yet  released  test  results  on  this  or  any  of  the  other  samples 
carried  on  the  Schirra  flight. 

Brooklyn  Poly  Builds  Mach  35  Shock  Tube 

Preliminary  tests  are  under  way  on  the  combustion- 
driven  shock  tube  of  a  $300,000  Mach-35  shock  tunnel  being 
built  at  the  Polytechnic  Institute  of  Brooklyn.  The  facility, 
due  for  completion  next  year,  will  be  used  to  study  design 
features  enabling  safe  re-entry  of  high-speed  vehicles  into 
Earth's  atmosphere.  Driver  section  combustants  are  hydro- 

gen and  oxygen  with  a  helium  dilutant.  The  bursting  of  a 
metal  diaphragm  generates  a  shock  wave  down  the  driven 
tube;  the  wave  is  reflected  at  the  entrance  to  the  expansion 
nozzle,  resulting  in  high-pressure,  high-temperature  air. 

PROPULSION 

Megawatt  Space  Power  by  1970? 

A  one-megawatt  space  power  system  using  turbo-nuclear 
conversion  can  be  built  in  prototype  before  1970,  according 
to  General  Electric  engineer  M.  A.  Zipkin.  This  can  be  done, 
he  says,  at  a  specific  weight  of  only  10  lb.  kw,  including 
1000  lbs.  of  shielding — a  highly  favorable  specific  weight, 
compared  with  current  estimates  for  SNAP-50/ SPUR  of 
"over"  15  lb.  kw.  GE  has  already  made  some  preliminary 
components  for  its  system,  Zipkin  reports. 

Interplanetary  Travel  by  Fission  Rockets 

Nuclear  rockets  propelled  by  the  cf  flux  of  a  gaseous- 
fuel  reactor  will  outperform  solid-fuel  reactors  by  a  factor 
of  two  to  three,  two  Jet  Propulsion  Laboratory  engineers 
claim.  Admitting  that  the  concept  of  a  gaseous-fission  rocket 
is  still  in  the  early  development  stage,  JPL's  Robert  Mech- 
reolian  and  Henry  Stumpf  maintain  that  for  low-acceleration 
missions  to  near  planets  such  rockets  would  reach  their 
destination  in  substantially  less  time  than  would  rockets 
working  on  an  electric  system. 
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COMPONENTS  get  simulated  in-flight  checks  in  environmental  labs  such  as  this. POSITIVE  expulsion  studies  with  bellows  back 

management 

Beech  Widens  Missile/Space  Capability 

Boulder,  Colo.  —  Beech  Aircraft 
Corp.  is  moving  swiftly  into  the  missile/ 
space  market  with  a  crucial  Apollo 
systems  contract  and  a  $5-million  pro- 

duction order  for  its  KD2B-1  Mach  2- 
plus  target  missile. 

Long  familiar  for  its  line  of  light 
military  and  business  aircraft,  the  firm 
is  beginning  to  capitalize  on  an  eight- 
year  investment  in  cryogenics  and  allied 
propellant  work. 

It  now  produces  airborne  cryogenic 
and  storable  tanks;  main  and  auxiliary 
feed  and  refueling  systems;  environmen- 

tal control,  attitude  control  and  course 
correction  systems. 

Ground-support  capabilities  include 
the  study,  design  and  development  of 
transfer  and  topping  systems,  firing 
stands,  logistics,  hydrogen  support,  oxy- 

gen support,  storable  support  and  en- 
vironmental cooling  systems. 

Besides  an  imaginative  environ- 
mental testing  complex,  the  firm  covers 

such  related  areas  as  advanced  propel- 
lants,  insulation,  mass  flowmeters,  and 
partial  pressure  sensors  in  applied  re- 
search. 

Beech  is  also  active  in  launch  com- 
plex support  and  installation  manage- 

ment. 

•  Space  determination — Frank  E. 
Hedrick,  executive  vice  president,  told 
M/R  the  firm  is  toughening  up  and  now 
will  go  after  the  nonmilitary  space 
dollar  much  more  aggressively.  In  this 
area,  Beech's  effort  had  been  largely 
research,  with  no  real  attempt  at  sys- 

tems and  subsystems  contracts. 
The  Apollo  contract  represents  the 

first  major  move  in  the  nonmilitary 
space  area.  Beech  will  design,  develop 
and  fabricate  the  supercritical  gas  stor- 

age system,  used  to  supply  Garrett's  on- board environmental  control  system  and 
the  H2-Ol,  to  the  fuel  cell-electric  power 
system. Beech  is  actively  bidding  on  other 
lunar-related  programs,  but  spokesmen 
for  the  firm  declined  to  discuss  them. 

There  is  no  fixed  military/commer- 
cial ratio — business  has  ranged  all  over 

the  spectrum.  Beech  had  $13  million 
in  new  military  business  in  1961;  the 
1962  total  is  around  $45  million  in  new 
contracts — and  still  growing.  This  in- 

cludes subcontract  fabrication  work  on 
supersonic  fighters  and  other  military aircraft. 

Hedrick  is  optimistic  over  Beech's 
chances  in  the  tough  NASA-military 
market  because  of  the  firm's  reputation. 

flexibility  and  extremely  sound  finan- 
cial condition.  Beech  is  one  of  the  rare 

corporations  which  have  commercial 
paper,  and  this  ability  to  raise  cash  for 
a  program  underlies  all  the  other 
capabilities. 

Hedrick  is  just  as  quick  to  point  out 
the  limitations  imposed  on  Beech  by  its 
size  and,  more  subtly,  its  ability  to  per- 

form only  within  certain  fields.  Even 
within  its  scope  of  interests,  Beech  in- 

tends to  go  after  only  those  jobs  which 
are  considered  practical  by  a  commer- 

cially oriented  management  and  which 
are  in  keeping  with  the  Beech  passion for  quality. 

Once  the  decision  is  made  to  pro- 
pose, the  firm  considers  the  contract 

already  in  hand — a  might-as-well-give-it- 
to-us-now-we'U-get-it-later-anyway  mode 
of  thinking.  When  a  bid  loses  out,  the 
effort  to  establish  the  reason  for  the 
loss  is  as  intensive  as  was  the  original 
competition. 

Beech  hydrogen  experience  dates 
back  to  1954,  when  the  Air  Force 
funded  a  feasibility  study  into  the  ele- 

ment as  a  possible  fuel.  The  then-top- 
secret  work  was  moved  to  Boulder, 
Colo.,  in  1955,  and  the  division  has 
expanded  steadily  ever  since  to  become 
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adder  work.  EXPULSION  unit  is  assembled  in  contamination-free  area. 

ontracts  for  Apollo  work,  supersonic  target  missile  expand 

aircraft  manufacturer's  efforts  beyond  former  research  role 

the  largest  commercial  cryogenic  in- 
stallation in  the  U.S. 

The  division  covers  1500  acres 
north  of  Boulder,  with  a  manufacturing 
plant  in  nearby  Longmont.  The  firm 
has  an  extensive  environmental  testing 
capability — both  in  equipment  and  ex- 

perience. Complete  space  vehicle  sys- 
tems, components  or  subsystems  are 

evaluated  under  conditions  of  vibration, 
altitude,  radiation,  acceleration  and 
temperature  extremes. 

The  division  recently  installed  a 
huge  transient  heat  lab,  capable  of  han- 

dling liquid  hydrogen  fuel  systems — 
including  booster  tanks  up  to  20,000- 
gal.  capacity.  Tank  skins,  loaded  or  un- 

loaded, can  be  brought  to  1000°F  or 
more  in  an  instant,  duplicating  the  ef- 

fect of  aerodynamic  heating. 
A  new  test  complex  for  use  in  the 

Apollo  system  includes  a  20,000-lb.- 
force  shaker.  Other  individual  cham- 

bers simulate  climate,  radio  frequency 
interference,  high  vacuum,  tensile  loads 
and  explosions. 

Beech  engineers  are  subcooling 
liquid  hydrogen — turning  it  to  slush  in 
an  attempt  to  determine  the  feasibility 
of  further  reducing  fuel  volumes.  The 
approach  would  increase  the  fuel  load 

of  a  given  tank  without  a  corresponding 
increase  in  tank  size. 

Propulsion  system  studies  are  under 
way  for  the  Centaur  program.  Beech  is 
exploring  space-rendezvous  refueling 
methods  and  hydrogen  supplies  for  nu- 

clear rockets. 
The  firm  has  tested  thousands  of 

items  in  the  Titan  I  program,  designed 
and  built  the  fuel  transport  trailers  for 
the  Titan  II  and  delivered  76  topping 
units  for  the  Atlas  ICBM. 

In  another  instance,  Beech  built  the 
largest  titanium  assembly  in  the  country 
for  hydrogen  tankage  testing.  The  ves- 

sel, 8  ft.  across  and  24  ft.  long,  is  the 
smallest  size  that  will  yield  design  data 
required  for  a  theoretical  production 
tank  measuring  30  ft.  in  diameter  and 
120  ft.  long. 

•  Weightless  fuel — The  main  effort 
in  positive  expulsion  systems  for  zero-G 
environments  centers  in  bladders — flex- 

ible bags  tailored  to  fit  inside  a  rigidized 
container.  Positive  expulsion  is  achieved 
by  pressurizing  outside  of  the  bag  if  it 
contains  the  propellant,  or  inside  if  it  is 
collapsed  within  a  tank  loaded  with 

propellant. Basic  bladder  design  can  be  either 
hemispherical  or  spherical.  The  former 

HUGE  titanium  Ht  tank  built  by  Beech. 

I 
I 

by  John  F.  Judge 

•  Tensile  and  tear  strength — Analy- 
is  attached  to  the  equatorial  periphery 
of  the  tank,  and  lies  against  the  inner 
contour,  to  permit  full  loading  of  the 
tank.  The  spherical  approach  involved 
a  fully  collapsible  bladder  which  fits  the 
entire  tank  in  the  expanded  condition. 

The  first  approach  carried  a  weight 
penalty  in  the  fittings  around  the  cir- 

cumference of  a  tank  and  posed  a  diffi- 
cult sealing  problem.  The  second 

method  necessitates  only  a  small  neck 
fitting  and  cover  plate — sharply  reduc- 

ing the  weight  and  sealing  aspects. 
The  major  problem  with  the  fully 

collapsing  unit  is  its  susceptibility  to 
random  wrinkling  and  folding  over 
most  of  its  surface.  The  resultant  three- 
corner  folding  increases  material  fa- 

tigue, creates  pin-holes  and  eventual membrane  failure. 

Beech  experts  took  the  fully-col- 
lapsible bag  route  which,  in  turn,  forced 

them  into  a  major  materials  evaluation 
program.  A  series  of  test  objectives  was 
set  up  and  included: 

•  Flexibility  at  low  temperatures — 
The  main  requirement  of  any  bladder 
material  is  its  ability  to  stand  folding 
at  — 423 °F.  Failing  this,  a  material  is 
simply  eliminated. 
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BLADDER  TEST  APPARATUS — After  purging  the  system,  Beech  engineers  can  rim 
either  inside  or  outside  expulsion  tests  on  bladder  materials.  The  schematic  resembles 
the  remote  control  board  in  function.  The  receiving  dewar  acts  as  a  liquid  hydrogen 
supplier  and  then  handles  the  expelled  fuel.  The  system  is  designed  to  permit  pressuriza- 
tion  of  the  bladder  during  the  filling  cycles,  preventing  a  large  pressure  differential 
which  might  rupture  the  test  bladder  in  a  test  apparatus  failure  rather  than  through 
expulsion  cycling. 

•  Tensile  and  tear  strength — Analy- 
ses show  no  pressure  differential  across 

a  bladder  under  ideal  operating  condi- 
tions, but  tensile  and  tear  strength  con- 

siderations must  be  taken  into  account. 
This  covers  any  pressure  differential 
which  may  occur — whether  due  to  time 
lag  or  operating  conditions. 

•  Permeability  —  Prevention  of 
propellant-pressurization  mixing  and 
mission  profiles  determine  permeability 
limits,  but  the  trend  is  toward  the  low- 

est possible  permeability. 
•  Fabrication — The  material  must 

be  readily  adaptable  to  existing  tech- 
niques and  procedures. 

Other  factors  include  density,  ther- 
mal conductivity,  cryogenic  compatibil- 
ity, impact  sensitivity  with  LOX,  and 

radiation  effects. 
Beech  has  had  its  best  results  with 

Mylar  bladders  supplied  by  the  G.  T. 
Schjedahl  Co.,  Northfield,  Minn.,  al- 

though the  firm  has  fabricated  all  the 
test  bladders  to  date  regardless  of  mate- 
rial. 

The  bladders  are,  in  effect,  three 
concentric  bags  with  a  common  open- 

ing. The  three-ply  approach  increases 
both  the  strength  and  reliability  factors. 
Tests  have  been  successful  even  though 
the  inner  and  outer  plies  were  per- 
forated. 

Triple  membranes  of  lA  to  Vi-mil 
Type  A  Mylar  have  been  found  capable 
of  withstanding  the  flexing  and  folding 
required  to  expel  liquid  hydrogen,  LOX 
and  liquid  nitrogen.  While  the  optimum 
number  of  individual  membranes  has 

not  been  fully  established,  the  three-ply 
method  is  feasible  for  liquid  hydrogen 
missions. 

The  prime  failure  area  is  near  the 
neck  flange — where  the  bladder  mate- 

rial extrudes  into  small  crevices  in  the 
assembly.  Redesigning  the  flange  avoids this. 

All  testing  was  confined  to  spherical 
tanks,  but  no  problems  are  foreseen  with 
other  tank  configurations  as  long  as  the 
internal  finish  of  the  vessel  is  good. 

•  Low-acceleration  area — Beech  is 
also  exploring  fuel  flow  and  allied  space 
storage  problems  for  electrical  engines. 
The  electrical  propulsion  work  is  a  gen- 

eral study  area  encompassing  materials 
selection,  metering  and  flow  control, 
weight  and  size  breakdown  and  prob- 

lems associated  with  the  zero-G  en- 
vironment. 

Revised  thinking  characterizes  the 
Beech  approach  to  long-term,  cryogenic 
space  storage.  For  one  specific  applica- 

tion, a  composite  insulation  system  with 
both  load-bearing  and  non-load-bearing 
capabilities  is  being  perfected.  Retract- 

able supports  sustain  an  outer  insula- 
tion shell  through  launch-imposed 

loads.  In  deep  space,  the  supports  re- 
tract, leaving  the  outer  insulation  gently 

supported  by  springs  and  eliminating 
the  heat  path  supplied  by  the  supports. 

In  the  zero-G  feed  area,  some  Beech 
researchers  doubt  the  surface-force  ap- 

proach will  be  totally  effective  in  low- 
acceleration  systems.  Even  if  the  meth- 

ods work  out,  their  application  is  far  in 

the  future  and  will  involve  extensive 
zero-G  testing. 

Some  of  the  alternate  ideas  include 
bootstrapping  and  even  jelling  the  pro- 
pellant.  Beech  has  jelled  cryogenic 
liquids  such  as  nitrogen,  ammonia  and 
hydrogen.  In  one  instance,  a  hunk  of 
jelled  nitrogen  was  thrown  on  hot  con- 

crete and  its  resultant  behavior  was  very 
similar  to  that  of  dry  ice. 

Jelling  has  some  intriguing  advan- 
tages in  space  propellant  handling.  The 

jelling  agent  might  contribute  to  tem- 
perature control — at  least  it  cuts  down 

the  normal  convection.  While  the  think- 
ing is  currently  directed  toward  elec- 

trical engine  fuel  problems,  large  chem- 
ical vehicle  aspects  have  been  included. 

Jelling  would  avoid  super-critical  pres- 
surization  problems  and  might  simplify 
downstream  regulation.  Handling  would 
also  be  easier  although  tanks  would 
probably  have  to  be  pre-cooled  before loading. 

No  attempt  has  been  made  to  jell 
LOX,  but  Beech  researchers  feel  con- 

fident here.  Enough  jelling  agents  are 
available.  The  agent  itself  can  be  filtered 
out  just  before  introduction  to  the  firing 
chamber — easily  handled  in  small  sys- 

tems, but  filter  clogging  becomes  a  fac- 
tor as  the  propulsion  system  grows. 
Jelling  concepts  are  not  being  ac- 

tively pursued  with  any  definite  system 
in  mind,  but  the  area  does  represent  the 
kind  of  novel  approaches  considered  by Beech. 

Beech  Aircraft  is  commencing  in- 
itial prodution  of  the  supersonic  target 

missile,  KD2B-1  under  a  $5-million 
contract  let  by  the  Navy's  Bureau  of 
Weapons.  An  additional  $10  million  is 
expected  before  the  end  of  1962  on  the 
program.  The  production  will  be  carried 
out  at  the  Wichita  plants. 

The  target  missile  is  completely 
Beech-designed,  including  the  guidance. 

Powered  by  Rocketdyne's  LR-64-NA-4 storable-fueled  engine,  the  560-lb.  target 
is  capable  of  speeds  up  to  Mach  2-plus 
and  altitudes  of  70,000  ft. 

The  expendable  missile  is  adaptable 
to  the  Navy's  F-3  and  F-4,  the  Grum- 

man F-ll,  North  American's  F-l,  and 
the  Douglas  A-4  and  F-6  aircraft.  The 
KD2B-1  also  fits  the  Air  Force's  F-101, 
F-l  10,  F-102,  F-l  06  and  the  B-57E.  It 
can  also  be  ground  launched  from  a 
Beech-designed  mobile  launcher  and  it 
is  designed  for  shipboard  operation. 

The  target's  speed  and  altitude  capa- bilities make  it  the  only  system  capable 
of  matching  the  latest  jet  aircraft  of  any 
potential  aggressor. 

Beech  engineers  consider  the  target 
missile  more  sophisticated  in  many 
ways  than  some  weapons  systems  and 
the  KD2B-1  could  easily  be  re-designed 
as  such.  The  same  configuration  could 
reach  altitudes  up  to  90,000  ft.  and 
speeds  in  excess  of  Mach.  3.5.  8 
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space  medicine 

Weightlessness  Still  Worries  Soviets 

Concern  voiced  over  effects  of  prolonged 

flight  on  blood  production,  tissue  regeneration 

NEITHER  of  the  latest  Soviet 

spacemen  suffered  from  "Titov"s  sick- 
ness" in  the  recent  orbital  flights,  but 

the  Soviets  still  fear  that  prolonged 
weightlessness  may  produce  harmful 
effects. 

Dr.  Eugene  Konecci,  chairman  of 
the  International  Aeronautical  Federa- 

tion Bioastronautics  Committee,  told 
M/R  about  these  Red  reservations,  ex- 

pressed during  the  recent  committee 
meeting  at  Varna,  Bulgaria. 

Dr.  Konecci  said  the  Soviets  pro- 
gramed a  number  of  violent  head  ma- 
neuvers in  their  recent  flights  to  see 

whether  this  caused  the  nausea  Titov 
suffered.  However,  neither  cosmonaut 
became  ill. 

The  Soviets  had  conducted  some 
training  to  avoid  this  illness.  A  number 
of  rotating  and  tumbling  devices  were 
employed  to  accustom  the  cosmonauts 
to  these  movements. 

The  U.  S.  delegate  said  that  Titov 
possibly  had  some  individual  peculiarity 
which  caused  his  sickness.  He  also  said 
it  might  have  been  caused  by  random 
tumbling  of  Vostok  II,  or  that  Vostok 
lis  stabilization  system  was  compen- 
sating. 

•  Lab-type  experiments  —  During 
the  dual  flights  Major  Andrian  Niko- 
layev  was  chosen  as  the  subject  of  medi- 

cal research,  and  Lt.  Col.  Pavel  Popovich 
was  the  control.  Soviet  biomedical  meas- 

urements included  electrocardiograms. 

respiratory  rate,  pulse,  body  tempera- 
ture, galvanic  skin  reflex  (ankles),  nys- 

tagmus, and  electroencephalogram. 
Nikolayev  wore  a  little  scull  cap  un- 
der his  leather  helmet  to  which  surface 

electrodes  apparently  were  attached.  The 
nystagmus  experiment,  or  measurement 
of  the  eye  movements,  was  conducted 
with  an  electrode  over  the  corner  of  his 

eye.  Eye  rolling  is  associated  with  nau- 
sea and  vestibular  illness,  but  apparently 

none  occurred. 
Soviet  academician  V.  I.  Yazdovsky 

told  the  meeting  that  he  was  concerned 
with  the  problem  of  a  space  pilot's  return to  Earth  after  prolonged  flight.  Although 
no  pathological  changes  appeared  dur- 

ing the  recent  two  flights,  he  stated 
that  "the  biological  action  of  zero  grav- 

ity on  more  delicate  processes  in  cellu- 
lar and  subcellular  structures,  blood 

production  and  tissue  regeneration  and 
many  other  intimate  processes,  is  not 
clear."  He  added  that  clinical  investiga- 

tions had  caused  some  apprehension. 
The  two  recent  flights  differed  little 

from  earlier  Soviet  flights  in  physiologi- 
cal reaction.  Heart  rate  during  boost 

was  120  pulses  per  minute  for  Niko- 
layev and  130  for  Popovich.  Respira- 
tions were  10  and  20  per  minute 

respectively. 

As  they  went  into  orbit,  Nikolayev's heart  rate  was  100  per  minute,  Popo- 
vich's  90,  and  respiration  10  and  16.  By 
the  sixth  orbit,  heart  and  respiration 

by  Heather  M.  David 

rates  returned  to  "values  recorded  sev- 
eral hours  before  the  beginning  of  their 

llight." 

Average  pulse  rate  for  the  four-day 
Nikolayev  flight  and  three-day  Popovich 
trip  was  about  60  to  70  per  minute;  res- 

piration was  10-15. 
Yazdovsky  indicated  that  the  So- 

viets are  pursuing  their  research  in  three 
main  lines: 

—Influence  of  factors  of  outer  space 
on  living  organisms  and  man. 

—Biological  and  medical  founda- 
tions of  providing  conditions  necessary 

for  life  throughout  space  flights. 

—Investigation  of  forms  and  condi- 
tions of  extraterrestrial  life. 

However,  he  said  that  at  present  the 

most  pressing  problem  is  "development 
of  the  principled  foundations  of  provid- 

ing conditions  necessary  for  life  and  se- 
curity of  a  cosmonaut  in  space  flight." 

•  Vostok  configuration — Dr.  Ko- 
necci said  present  information  indicates 

that  although  the  Vostok-type  vehicle  is 
a  one-man  system,  it  apparently  can  be 
enlarged  for  multicrew  operations  by 
adding  a  constant  section  behind  the 
cosmonaut.  This  way  it  could  be  made 
into  a  two  or  three-man  tandem,  such  as 
that  employed  on  our  B-58.  He  said  it 
appeared  that  two  Vostoks  could  be 
modified  for  rendezvous  by  the  con- 

struction of  a  hatch,  forming  a  space 
station.  8 

LEFT:  Tumbling  and  rolling  chambers  used  in  Soviet  cosmonaut  white  electrode  next  to  pilot's  right  eye  to  measure  nystagmus, 
training  to  accustom  the  spacemen  to  maneuvers  which  might  or  eye  movements  associated  with  nausea  and  motion  sickness, 
have  caused  Titov's  apparent  vestibular  illness.  RIGHT:  Note 
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space  propulsion 

Project  Orion  Decision  Imminent 

Air  Force  has  no  requirement  for  bomb-powered  1000-ton 

payload  system;  development  could  shift  to  AEC/NASA 
by  Frank  G.  McGuire 

DECISION  ON  Project  Orion— the 
nuclear-bomb-powered  rocket — as  a  De- 

partment of  Defense  development  pro- 
gram appears  imminent.  Orion,  a  four- 

year-old  research  program  funded  at 
about  $2-million  annually,  has  been  a 
virtually  forgotten  attempt  to  develop  a 
space  vehicle  with  a  1000-ton  payload. 

Despite  high-level  enthusiasm  for  the 
project  and  numerous  indications  that 
the  vehicle  would  have  tremendous  po- 

tential, Air  Force  appears  to  be  having 
trouble  justifying  continued  support  of 
the  program. 

•  Policy  decision — Conflicting  state- 
ments by  congressional,  Air  Force,  and 

DOD  spokesmen  leave  a  question  mark 
hovering  about  the  Orion  decision,  and 
speculation  is  that  matters  of  policy, 
not  feasibility,  will  play  the  key  role  in 
its  fate. 

"Air  Force  is  even  having  trouble 
justifying  a  two-ton  Gemini  space  cap- 

sule, let  alone  a  space  vehicle  with  a 
1000-ton  payload  capability,  and  it's 
very  difficult  for  us  to  see  where  it  fits 
in,"  said  a  Defense  Department  spokes- 

man in  explaining  the  Pentagon  view- 
point. 

An  Air  Force  officer  commented, 
however,  that  translation  of  this  remark 
into  a  cancellation  of  Orion  "would  not 
be  a  very  safe  assumption." 

The  DOD  decision  is  reportedly  in 
the  hands  of  Dr.  Harold  Brown,  Direc- 

tor of  Defense  Research  and  Engi- 
neering. 

Orion  had  been  given  an  encourag- 
ing boost  by  Dr.  Jerome  Wiesner  in  the 

ad  hoc  committee  report  to  President 
Kennedy  which  stated:  "Above  all,  we 
must  encourage  entirely  new  ideas  which 
might  lead  to  real  breakthroughs.  One 
such  idea  is  the  Orion  proposal  .  .  .  This 
proposal  should  receive  careful  study 
with  a  realization  of  the  international 
problems  associated  with  such  a  ven- 

ture." Informed  sources  indicated  that  the 
present  decision  is  a  move  in  the  Air 

Force's  battle  over  participation  in  space flight  activities  in  furtherance  of  its  mili- 
tary mission.  With  the  large  payload  of 

Orion,  its  relatively  low  operating  cost, 

and  its  far-ranging  operational  ability, 
Air  Force  is  eyeing  it  as  a  major  vehicle 
in  the  mid- 1970  time  period. 

Born  at  Los  Alamos  Scientific  Lab- 
oratory in  1955,  Orion  was  conceived 

by  Dr.  Stanislaw  M.  Ulam,  who  feels 
the  vehicle  could  be  flying  within  five 
years  if  pressed  on  a  national  scale. 

Air  Force  Special  Weapons  Center, 
monitoring  the  program  for  AF  Sys- 

tems Command,  has  conducted  applied 
research  on  the  program  with  the  prime 
contractor.  General  Atomic,  since  July, 1958. 

•  Air  Force  thwarted — The  effort 
to  keep  AF  out  of  intensive  space  hard- 

ware development  has  shown  through 
on  phases  of  the  Orion  program. 

"We  tried  to  have  a  reasonable  de- 
velopment schedule  worked  up  and 

used  as  a  DOD  guideline,"  one  source 
remarked,  "but  since  it  would  have  in- 

cluded flight  dates  and  required  a  stated 
mission,  we  were  told  to  forget  it  and 
continue  working  at  our  present  pace 
on  our  present  budget.  We  were  also 
denied  permission  to  set  up  some  experi- 

ments at  the  current  Operation  Dominic 
nuclear  weapons  tests  in  the  Pacific." 

It  has  been  known  that  applied  re- 
search on  structures  and  materials  in 

the  program  have  been  encouraging  in 
pointing  up  the  feasibility  of  the  con- 

cept, but  development  problems  still remain. 

Congressional  attitude,  voiced  by  the 
Joint  Committee  on  Atomic  Energy,  is 
that  development  of  the  low-risk,  high- 
payoff  project  should  continue  despite 
lack  of  a  clear-cut  military  need. 

"In  general,  severely  curtailed  im- 
portant nuclear  programs  should  be 

handled  by  the  Atomic  Energy  Com- 
mission if  the  Defense  Department  can- 

not prove  a  need,"  a  JCAE  spokesman 
said,  but  declined  to  comment  specifi- 

cally on  Orion  until  the  DOD  decision 
becomes  known.  Other  sources  on  Capi- 

tol Hill  told  Missiles  and  Rockets  the 

Orion  program  "is  in  real  trouble." The  JCAE  source  pointed  out  that 
Project  Rover  was  in  essentially  the 
same  straits  early  in  its  development 
cycle,  and  was  kept  alive  by  non-DOD 

funds  after  USAF  dropped  the  program 
in  1960 — -the  inference  being  that  Orion 
could  follow  the  same  route  to  becoming 
a  major  space  program. 

•  Holifield  hints  review — If  the  Pen- 
tagon decides  to  drop  the  program,  Rep. 

Chet  Holifield  (D-Calif.),  JCAE  chair- 
man, said  he  plans  to  ask  for  a  full 

technical  report  on  which  to  base  com- 
mittee recommendations. 

If  past  JCAE  policy  prevails,  Orion 
could  land  in  the  joint  AEC/NASA 
Space  Nuclear  Propulsion  Office.  SNPO 
Manager  Harold  B.  Finger  told  M/R 
his  office  has  not  yet  had  a  close  look 
at  Orion  in  connection  with  the  current 
re-evaluation,  but  that  he  is  interested 
in  the  potential,  development  problems 
and  funding  of  the  program. 

International  repercussions  of  the 
Orion  approach  would  depend  primarily 
on  whether  the  vehicle  was  used  from 
the  Earth's  surface  or  merely  as  a  ferry 
between  planetary  orbits.  Fallout  from 
the  small-yield  nuclear  charges  has  been 
described  as  "quite  small,"  but  even  this fallout  would  provoke  criticism. 

Project  Put  Put,  a  proof-of-the- 
pudding  test,  has  been  carried  out  using 
a  3-ft. -diameter,  300-lb.  scale  model  and 
3-lb.  high-explosive  charges  to  check 
out  Orion's  feasibility,  but  nuclear 
charges  have  not  yet  been  used. 

•  How  it  works — In  a  nutshell, 
Orion  works  like  this:  small  nuclear 
bombs  of  about  0.01  kiloton  yield  are 
dropped  from  the  rear  of  the  vehicle 
at  one  to  10-second  intervals  and  deto- 

nated at  a  distance  of  100  to  1000  ft. 
Both  the  drop  rate  and  detonation  dis- 

tance depend  on  the  acceleration  re- 
quired and  the  vehicle  design. 

The  propellant-loaded  bomb  imparts 
energy  to  a  pusher  plate  at  the  rear  of 
the  vehicle.  The  plastic  or  other  low- 
molecular-weight  propellant  works  on 
the  ablative  pusher  plate  with  as  much 
as  100,000  seconds  specific  impulse 

equivalent. The  ablative  nature  of  the  pusher 
plate,  as  well  as  its  structural  design, 
serves  to  absorb  both  impact  and 
thermal  shocks  generated  by  the  bombs. 

(Continued  on  page  34) 
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HOW  TO 

MAP 

THE  MOON 

An  electronic  imaging  system  designed  by  Fairchild  can 
survey  the  lunar  surface  with  resolutions  up  to  one  meter. 
Charts  of  this  precision  can  help  our  first  moon  explorers  locate 
themselves  with  pinpoint  accuracy.  But  how  to  make  them?  Fairchild 
studied  the  problem  in  depth,  designed  a  system  that  can  acquire 
terrain  data  from  a  lunar  satellite,  receive  and  process  the  data  on 
earth,  then  convert  it  to  highly  detailed  maps.  The  system  can  also 
provide  high  resolution  photos  of  potential  landing  sites. 

Advanced  systems  like  this  illustrate  Fairchild's  unique  combina- 
tion of  capabilities  in  electronics,  photography  and  in  cartographic 

and  data  processing  technologies.  Other  examples  are  outlined  in 
a  brochure,  "Facilities  and  Ca-  HT-^aH^BiHHMI 

a  rnn/iDi  etc:  viciiai  iMACiur:  qyqtpmq  paparii  ity 

pabilities— an  Eye  to  the  Future." For  your  copy,  write  Dept.  63, 
750BloomfieldAve.,Clifton,N.J. 

DEFENSE  PRODUCTS  DIVISION 
SYOSSET,  N.  Y.  /  CLIFTON,  N.J. 
LOS  ANGELES,  CAL./PALO  ALTO,  CAL. 



NUCLEAR 

POWER 

GIANT  STRIDE 

INTO  SPACE 



■  Nuclear  propulsion  is  moving  swiftly  to  the  forefront  of  space  exploration.  For  challenging 
solar  and  planetary  missions  or  scientific  investigations  beyond  the  plane  of  the  ecliptic, 
nuclear  propulsion  is  essential.  For  lunar  missions,  it  is  highly  attractive.  This  is 
substantiated  by  Dr.  Glenn  T.  Seaborg,  Chairman  of  the  Atomic  Energy  Commission: 

"I  believe  that  nuclear  propulsion  could  provide  the  most  feasible  means  of  accomplishing 
space  missions  involving  heavy  payloads  and  long  voyages  in  the  foreseeable  future." 

As  NASA's  industrial  partner  in  the  management  and  accomplishment  of  the  RIFT 
(Reactor-ln-Flight  Test)  program,  Lockheed  is  a  leader  in  this  dramatic  application  of  nuclear 

power  to  space  flight.  Lockheed's  role  is  the  design,  development,  integration,  application 
and  testing  of  the  first  nuclear-propelled  space  vehicle.  Its  purpose:  To  demonstrate  the 
feasibility  of  nuclear  propulsion  in  a  space  flight  environment. 

Moreover,  Lockheed  is  involved  in  another  important  space  application  of  nuclear  energy:  its 
use  in  nuclear  electrical  systems  to  operate  auxiliary  equipment,  and  eventually  in 
electrical  propulsion  systems. 

Nuclear  space  applications  is  but  one  of  many  areas  being  explored  by  Lockheed  Missiles 
&  Space  Company.  As  one  of  the  industrial  leaders  in  current  space  investigations,  many  new 
positions  are  continually  being  opened  for  scientists  and  engineers  of  proved  ability  in  all 

disciplines.  And  Lockheed's  ideal  location  in  Sunnyvale,  on  the  beautiful  San  Francisco 
Peninsula,  makes  living  as  well  as  working  invigorating  and  stimulating. 

If  you  have  proved  ability  and  wish  to  work  in  a  challenging  environment,  please  write: 
Research  &  Development  Staff,  Dept.  M-40A,  599  North  Mathilda  Avenue,  Sunnyvale,  California. 
Lockheed  is  an  equal  opportunity  employer. 

LOCKHEED  missiles  &  space  company 
A  GROUP  [DIVISION  OR  LOCKHEED  AIRCRAFT  CORPORATION 

Systems  Manager  for  the  Navy  Polaris  fbm  and  the  agena  vehicle  in  various  Air  Force  Satellite  programs. 
Other  current  projects  include  nasa  programs  as  the  OGO,  echo,  nimbus,  ranger  and  RIFT. 



Thiokol  accomplishments  in  man-rated  space  storeable 

PROPULSION  PATHS 

LOW  TEMPERATURE  CAPABILITY 
IN  LARGE  SOLIDS 

The  big  ones  .  .  .  make  'em  go  at  —65°.  Thiokol  has 
produced  and  tested  high  impulse  solid  propellants 
and  improved  motor  configurations  which  meet  the 
toughest  low  temperature  and  logistic  requirements. 

The  propellant :  a  composition  formulated  to  with- 
stand high  strain.  The  configuration:  an  internal  geo- 

metric pattern  designed  to  provide  low  propellant 
strain.  Both  without  loss  of  loading  density.  The 
motor — subjected  to  repeated  temperature  variations 
(—50°  to  135°F)  and  lengthy  shock  and  vibration 
endurance — performed  perfectly  to  specified  —50°  in 
static  firings,  beyond  motors  of  comparable  size. 

The  result:  vital  solid  propulsion  data  applicable  to 

the  conquest  of  space,  and  needs  of  defense. 
40"  diameter  test  motor 



solids  open  new 

TO  SPA  CE 

MANNED  SPACE  GLIDER 

Thiokol — designed  acceleration  rocket  for  the  Air 
Force  X-20,  supersonic  manned  space  glider  met  all 
objectives  in  its  first  static  firing.  It  will  speed  the 
glider  to  supersonic  levels  in  early  air  drops  .  .  .  provide 
quick  pilot  escape  in  event  of  booster  failure  during 

orbital  launch.  Designed  against  today's  technology, 
this  Thiokol  motor  attains  high  reliability  at  low  cost. 

SPACE  BRAKES 

Thiokol  has  produced  the  only  solid  propellant 
motors  which  have  been  stored  and  ignited  in  space. 
Throughout  the  Mercury  program  and  the  earlier 
Discoverer  satellite  series — totalling  over  12,000,000 
miles  of  space  travel — it  was  Thiokol  retro  rockets 
which  reduced  orbital  speed  for  the  capsules'  safe 
return  to  earth's  atmosphere.  Score:  100%  success. 

Thiokol  propulsion  unit  for  Air  Force X-20.  Prime  contractor:  Boeing. 

For  further  information  about  propulsion  progress  at 
Thiokol,  write  for  a  copy  of  the  Thiokol  Magazine. 

CHEMICAL  CORPORATION,  BRISTOL,  PENN A. 
Rocket  Operations  Center:  Ogden,  Utah 

AN  EQUAL  OPPORTUNITY  EMPLOYER 

X-20  Dyna-Soar 



Project  Orion  
(Continued  from  page  28) 

Because  of  the  extremely  short 
duration  of  the  individual  nuclear  pulses, 
the  effective  exhaust  velocity  corre- 

sponds to  that  of  very-high-temperature 
systems,  according  to  General  Atomic, 
and  the  removal  of  this  temperature 
limitation  is  what  makes  specific  im- 

pulses of  as  much  as  100,000  seconds 
conceivable. 

Acceleration  of  the  vehicle  would 

be  between  two  and  nine  G's,  which  is 
transmitted  to  the  main  body  of  the 
rocket  through  the  spring-mounted 
pusher  plate. 

The  gross  weight  of  Orion  could 
easily  be  on  the  order  of  eight  million 
pounds.  Although  a  family  of  different 
sized  vehicles  has  been  designed,  general 
characteristics  for  a  typical  lunar-mis- 

sion booster  are: 

•  Structure  weight:  3.5  million  lbs. 
•  Expellent  weight:  1 .75  million  lbs. 
•  Plutonium  needed  for  Earth  orbit: 

300  kilograms. 
•  Plutonium  needed  for  soft  lunar 

landing:  525  kilograms  (About 
800  bombs). 

•  Payload  on  the  moon:  1.5  mil- 
lion lbs. 

•  Cost  per  lb.  of  structure  $3.85. 
•  Cost  per  lb.  of  plutonium:  $30.00. 
•  Cost  per  lb.  of  payload  on  the 

moon:  $29.60. 
•  Total  cost  of  mission:  $13.3 

million. 

As  in  any  other  such  program,  the 
figures  for  Orion  at  this  stage  of  devel- 

opment are  highly  speculative  and 
dependent  on  numerous  engineering 
considerations. 

•  Propulsion  breakdown  —  The 
physics  of  Orion  are  rather  straightfor- 

ward in  that  the  first  effect  of  the  bomb 
is  a  wave  of  electromagnetic  energy 
travelling  at  the  speed  of  light  and 
striking  the  vehicle  in  an  intense  burst. 
The  impact  gives  a  forward  thrust  to 
the  rocket.  The  ablative  pusher  plate 
loses  a  thin  layer  of  material  in  vapor- 

ized form,  and  this  vapor  is  exhausted 
to  the  rear,  also  giving  impulse. 

A  second  effect,  that  of  the  wave  of 
physical  particles  which  originally  con- 

stituted the  bomb,  gives  further  impulse 
forward  by  their  impact  on  the  pusher 
plate.  These  high-velocity  particles, 
closely  following  the  initial  electromag- 

netic wave  of  energy,  gradually  erode 
the  pusher  plate  through  numerous 
collisions. 

Problems  involved  in  the  Orion  con- 
cept include  wasting  of  unfissioned  ma- 

terial and  the  spread  of  radioactive 
waste  products,  as  well  as  design  diffi- 

culties brought  about  by  the  nature  of 
the  system. 

Speeds  to  150  ips 

computer  environment 

applications.  And  the  CEC 
DR-2700  is  functionally 

designed  to  perform  to  its 

maximum  capabilities  at 

temperatures  anywhere 

within  0°  to  40°C  and  10 

to  90%  relative  humidity. 

Data  Recorders  Division 

CONSOLIDATED  ELECTRODYNAMICS 
PASADENA,  CALIFORNIA    .    A  SUBSIDIARY  OF  BELL  &  HOWELL 

EVERY  SECOND  REALLY  j 

COUNTS  when  you  employ 

CEC's  unique  DR-2700 
Vacuum -Buffered  Digital 

Tape  Transport— an  instru- 
ment that  has  proven  its 

exceptional  reliability  in 

shipboard,  field-van,  and 
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Densities  to  555.5  bpi 

EVERY  SQUARE  INCH 

REALLY  ADDS  UP  when 

you  employ  CEC's  DR- 
2700  Tape  Transport.  Start 

and  stop  distances  are 

predictable  and  repeatable 

within  +.03  inch.  Further- 

more, it's  fully  transistor- 

ized, has  all-metal  heads, 

is  IBM-compatible  and 

exhibits  no  programming 

restrictions  up  to  200  com- 

mands per  second.  Want 

complete  data?  Call  your 

nearest  CEC  office  or  write 

for  Bulletin  CEC  2700-X4. 

Data  Recorders  Division 

CONSOLIDATED  ELECTRODYNAMICS 
PASADENA,  CALIFORNIA    .    A  SUBSIDIARY  OF  BELL  &  HOWELL 

If  the  individual  sharp  impulses 
from  the  nuclear  detonations  are  not 
completely  controlled,  severe  damage 
to  the  vehicle  and  payload  would  likely 
result,  even  if  the  average  accelerations 
were  small.  Attempts  to  flatten  out  the 
acceleration  pulses  over  a  period  of 
time  have  resulted  in  the  spring-mounted 
plate  approach. 

Dr.  Ulam  has  suggested  that  possi- 
ble development  of  "shaped"  nuclear 

charges  would  solve  the  problem  of 
wasted  energy  from  each  detonation.  It 
could  also  present  guidance  difficulties 
if  the  focal  point  of  each  explosion 
relative  to  the  vehicle  were  not  constant 
or  at  least  within  tolerable  limits. 

The  heat  generated  by  the  bomb,  al- 
though extremely  high  at  the  core,  is 

not  of  serious  danger  to  the  vehicle 
because  of  the  insulation  protection 
offered  by  the  intervening  space. 

Development  of  Orion  is  currently 
being  monitored  by  Col.  Frederick 
Gross,  AFSWC,  Physics  Division.  At 
General  Atomic's  lohn  lay  Hopkins 
Laboratory  in  San  Diego,  Orion  work 
is  under  Dr.  lohn  M.  Wild,  director, 
with  design  engineering  headed  by  Dr. 
David  J.  Peery.  General  Atomic  cur- 

rently has  about  25  scientists  working 
on  Orion,  a  number  of  whom  were  for- 

merly with  Los  Alamos. 
•  Costs  —  Total  development  costs 

for  an  operational  Orion  vehicle  have 
been  estimated  at  $  1 .5-billion.  General 
Atomic's  first  contract  in  1958  was  for 
$2.5-million  to  cover  essentially  the  first 
two  years  of  work.  Fiscal  1962  contract 
was  for  $1.7-million. 

In  a  similar  vein,  Martin  Marietta 
Corp.  has  proposed  a  bomb-powered 
rocket  which  would  use  0.01-kiloton- 
yield  bombs  to  propel  a  3.5-million-lb. 
vehicle  at  velocity  gains  of  26,000  fps. 
The  Martin  vehicle  uses  a  spherical 
chamber  rather  than  a  pusher  plate  to 
transfer  energy  to  the  vehicle,  and  spe- 

cific impulse  is  about  1 150  seconds.  This 
is  probably  the  approximate  figure  of 
Orion's  specific  impulse  also,  since  the 
quoted  figure  of  100,000  seconds  was 
the  conceivable  ultimate. 

Martin's  proposal  uses  a  water  ex- 
pellant  injected  into  the  spherical  cham- ber and  exhausted  at  detonation  of  the 
bomb  to  obtain  thrust.  Wall  thickness 
of  the  130-ft.-diameter  spherical  cham- 

ber would  be  only  0.5  inches. 
Payload  weight  of  the  Martin  vehicle 

would  be  350,000  lbs.,  carried  in  a 
300-ft.-long  vehicle  designed  to  expel 
858  lbs.  of  water  with  each  nuclear  ex- 

plosion. The  one-second-apart  explo- 
sions would  total  2400  bombs  in  one 

version,  and  5800  bombs  in  two  other 
larger  versions.  Average  thrusts  of  the 
smallest  rocket  would  be  eight  million 
lbs.,  while  the  bomb  cost  is  estimated  at 
between  $10,000  and  $40,000  each.  » 
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COMPATIBLE 

with  a  variety  of  gases 

INCLUDING  OXYGEN 

A  special  series  of  low  flow,  high  pressure,  combi 
nation  pressure  reducing  and  relief  regulators,  are 
now  available  on  special  order  to  handle  difficult  gas 
services  including  oxygen.  Retaining  the  physical  con- 

figuration and  advantages  of  new  standard  15L  and 
15KX  Grove  regulators,  this  special  line  of  hand  loaders 
employs  glass  filled  Teflon*  material  for  the  plastic  parts 

contacting  the  flow  stream.  These  models  feature  the  instru- 
ment accuracy,  smoothness  of  control,  reliability  and  long  main- 

tenance-free service  life  common  to  all  Grove  loaders.  Designed  for 
panel  mounting  in  test  facilities,  loading  of  air  dome  regulators,  or  for 

service  in  airborne  vehicles.  Models  are  offered  to  handle  inlet  pressures 
to  10,000  psi  and  control  ranges  to  6,000  psi.  Write  for  technical  presentation. 

GROVE  REGULATORS 

WALWORTH- GROVE -AL0YC0 

sa/es  division  of  Walworth  Company 
6529  Hollis  Street,  Oakland  8.  Calif. 
Offices  and  distributors  throughout  the  world 
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Sergeant  Success 

ABOVE:  ground-support  equipment  associated  with  Sergeant  missile.  BELOW:  azimuth 
orientation  diagram  indicates  procedures  required  for  modified  reciprocal  laying  method 
used  to  align  missile  guidance  platform.  Missile  is  finally  raised  to  75°  firing  position. 

missiles  and  rockets,  October  29,  1962 

(Continued  from  page  17) 

to  the  battery.  The  OMTS  can  be  used 
in  checking  out  and  replacing  major 
assemblies,  such  as  the  guidance  section 
or  fins,  and  also  employs  complete  self- 
check.  Checkout  is  fully  automatic,  pro- 

viding a  go  or  no-go  output.  It  isolates 
malfunctions  to  the  electronic  assembly level  only. 

A  Field  Maintenance  Test  Station 
(FMTS),  assigned  to  several  batteries, 
provides  third  and  fourth  echelon  main- 

tenance on  assemblies  rejected  by  the 
OMTS.  It  automatically  tests  to  the  sub- 

assembly level.  Like  OMTS,  it  is  tape- 
programed  and  self-checking. 

The  last  vehicle  in  a  Sergeant  system 
provides  communications  and  is  com- 

pletely equipped  for  wire,  AM  and  FM 
radio  communications. 

•  The  Countdown — All  fire-control 
operations  are  automatic  after  the  target 
and  firing  data  are  inserted  by  the  oper- 

ator at  the  firing  set  control  panel.  The 
countdown,  from  the  time  the  missile  is 
assembled,  requires  44  minutes.  Se- 

quence is  approximately  as  follows: 
T—44:  firing  set  energized  for  pre- 

heat, firing  box  tested  and  emplaced, 
transfer  switches  turned  to  "self  test." 

T— 39:  power  on,  self  test  begun, 
firing  data  parameters  inserted  and 
computed. 

T—35:  self  test  complete,  fire  mis- 
sion computed  and  checked. 

T—30:  required  parameters  readout 
and  program  cleared. 

(Before  T—30,  a  hold  can  be  called 
at  any  time  and  maintained  indefinitely; 
at  T—20,  battery  can  hold  for  several days. ) 

T—20:  begin  automatic  countdown 
and  start  program. 

T—19:  insert  first  block  of  param- 
eters. 

T—12V2:  insert  and  check  random readings. 

T—7Vi:  insert  second  block  of  pa- rameters. 

T— 3V2:  check  flight  parameter  com- 

putations. T—3:  assume  remote  firing  control. 
T—0:  missile  fires  automatically,  bar- 
ring operator  override. 
Automatic  holds  dictated  by  sensing 

circuits  stop  the  launch  programer  and 
require  resetting  to  T—20.  Command 
holds  can  be  called  at  any  time  and  re- 

quire resetting  based  on  the  following limits: 
T—7V2:  hold  for  variable  time  de- 

pending on  motor  temperature  and 
other  sensitive  subsystems. 

T—90  sec:  hold  for  10  minutes. 
T-20  to  T-0  sec:  hold  for  2 

minutes. 
Time  on  target  is  approximately  the 

countdown  sequence  time  plus  90  sec.  8 
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electronics 

Block  Circuits  Promise  Reliability 

Significant  gains  predicted  in  discussion 

of  conventional  vs.  microelectronic  packaging 
by  Michael  Getler 

Hoboken,  N.J. — Within  a  few  years, 
refinement  of  functional  block  circuits 
should  yield  significant  gains  in  elec- 

tronic reliability. 
A  reliability  comparison  between 

microelectronic  circuit  packages  and 
conventional  designs,  delivered  at  the 
Institute  of  Radio  Engineers'  annual 
Electronic  Reliability  Conference  here 
recently,  showed  that  both  types  of  pack- 

aging would  continue  to  be  needed  for 
particular  applications.  But  it  pointed 
strongly  to  the  improvements  to  come 
with  development  of  functional  block, 
or  molecular  electronic,  circuitry. 

The  comparison,  made  by  Joseph  P. 
Morone,  Jr.,  a  reliability  supervisor  with 
P.  R.  Mallory  &  Co.,  Inc.,  of  Indian- 

apolis, covered  these  broad  categories: 
wired  circuits,  printed  circuits,  cord- 
wood  packaging,  disciplined  geometry 
assemblies,  "pellet"  or  "dot"  type  as- 

semblies, thin  films,  solid  silicon  cir- 
cuits, and  functional  blocks. 

Key  factors  in  the  comparative  reli- 
ability discussion  included  number  of 

separate  electronic  components;  num- 
ber, type  and  length  of  interconnections; 

design  and  construction  simplicity;  me- 
chanical, thermal  and  climatic  ade- 

quacy; maintenance  and  repair;  and 
general  circuit  considerations. 

•  Number  of  components  —  Func- 
tional blocks,  Morone  says,  represent 

the  ultimate  in  reliability  from  the  num- 
bers point  of  view,  although  it  may  be 

several  years  before  their  potential  is 
fully  realized.  Current  thin-film  and 
solid-silicon  technology  also  provide 
good  capabilities.  But  until  these  tech- 

niques are  applied  to  more  of  the  cir- 
cuitry now  in  demand,  heavy  reliance 

still  must  be  placed  on  discrete  com- 
ponent approaches. 

•  Interconnections  —  Full  exploita- 
tion of  functional  block  technology  will 

also  yield  highest  reliability  in  terms  of 
the  number  of  electronic  part  inter- 

connections. Thin-film  approaches,  the 
author  says,  provide  the  next  level  of 
reliability. 

However,  he  noted,  at  this  point  not 

all  electrical  elements  can  be  produced 
by  thin-film  techniques;  furthermore, 
joining  two  dissimilar  films  poses  con- 

nection problems.  Cordwood,  micro- 
module, and  pellet  packaging  systems 

are  said  to  represent  the  next  level  of 
reliability. 

The  biggest  reliability  problem  pres- 
ent today,  Morone  asserts,  is  in  the  type 

of  interconnection.  Neither  soldering, 
welding,  thermocompression  bonding, 
vacuum  deposition,  cementing,  or  any 
other  technique  has  proved  to  be  su- 

perior across  the  board.  Judgments  here 
must  be  based  on  the  materials  to  be 
joined,  sensitivity  of  the  parts,  control 
of  joining  parameters,  and  post-joining 
environment.  Strict  quality  control  is 
essential. 

None  of  the  various  packaging  con- 
cepts, he  reports,  appears  to  have  any 

inherent  reliability  advantage  in  con- 
nections between  electronic  packages, 

all  of  them  using  similar  type  ohmic 
contacts  for  signal  communication. 

•  Design  and  construction  simplicity 
— Both  conventional  and  advanced  tech- 

niques are  running  into  problems.  Uni- 
formity in  component  size  and  shape 

will  aid  considerably.  Conventional  sys- 
tems suffer  most  from  this  disparity  at 

present. 
However,  production  methods  and 

efficiency  are  also  sacrificed  when  solid- 
state  and  thin-film  approaches  are  used, 
as  more  and  more  parts  are  formed  and 
deposited  on  a  single  substrate.  It  is 
necessary  to  locate  the  economical  and 
reliable  cut-off  point  in  this  process. 

•  Mechanical  adequacy  —  Virtually 
all  types  of  packages  can  be  made  to 
withstand  most  shock,  vibration,  and  ac- 

celeration extremes.  But  the  author  notes 
that  microminiaturization  eases  the  prob- 

lem a  great  deal  by  virtue  of  the  low 
masses  and  correspondingly  low  struc- 

tural stresses  associated  with  these  tech- 
niques. In  addition,  these  low  masses  are 

generally  associated  with  higher  reson- 
ant frequencies. 
Morone  rates  the  mechanical  ade- 

quacy of  circuits  in  the  same  order  as 

packaging  densities:  functional  blocks 
finish  first,  printed  and  wired  circuits 
last. 

•  Thermal — Lower  heat  concentra- 
tions and  larger  heat  dissipation  surfaces 

favor  conventional  packaging.  Advances 
in  cooling  microelectronic  packages, 
while  needed  particularly  for  aerospace 
applications,  have  not  developed  as 
quickly  as  many  observers  would  like. 

Morone  asserts  that  the  most  effec- 
tive cooling  method  with  compact  equip- 

ment, at  this  point,  uses  conductive  tech- 
niques at  the  components  part  level — 

with  convection,  forced  air  cooling,  and 
other  methods  ultimately  used  to  trans- 

fer heat  to  the  sink. 
Use  of  flat  plate  thermal  conductors 

between  subassemblies  in  a  disciplined 
geometry  assembly,  so  that  all  compo- nents are  in  touch  with  the  conductor, 
offers  significant  advantages. 

•  Climatic — Morone  claims  no  par- 
ticular system  appears  to  have  any  sig- 
nificant inherent  advantage  with  respect to  reliability. 

.  •  Maintenance — A  careful  analysis 
is  required  in  selection  of  either  con- 

ventional or  miniaturized  packaging 
scheme.  Factors  to  be  studied  include: 
expected  meantime-between-failures,  ex- 

pected repair  time,  ease  of  locating  and 
repairing  faults,  parts  costs  vs.  module 
costs,  and  expected  reliability  of  re- 

paired equipment. 
•  Circuit  considerations  —  Advo- 

cates of  microelectric  packaging,  ac- 
cording to  Morone,  admit  greater  elec- 

trical capabilities  with  conventional 
techniques,  but  assert  that  within  their 
own  capabilities  their  circuit  reliabilities 
are  equivalent  to  conventional  designs. 

Major  aggravations  with  microcir- cuits  are  attributable  to  the  small  size 
and  close  spacing — these  create  a  variety 
of  undesirable  electrical  interactions. 

Intercircuit  leakage  problems  are 
often  posed  by  short  continuous  paths 
between  circuits  completely  surrounded 
by  a  potting  compound.  Microcircuits 
also  require  improvements  in  voltage 
and  current  capabilities.  B 
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Litton  Turns  Its  Sights  Toward  Space 

Highly  diversified  and  rapidly  expanding  company 

saves  vital  time  by  buying  existing  capabilities 

by  Willard  E.  Wilks 

Beverly  Hills,  Cahf. — Litton  In- 
dustries has  opened  a  major  drive  for 

more  space  program  business. 
Until  recently  the  firm  has  concen- 

trated on  inertial  navigation  systems 
for  manned  aircraft  and  other  areas 
where  there  has  been  greater  product 
demand.  "Now  we  are  turning  more  at- 

tention to  space  utilization  of  our  prod- 
ucts and  technologies,"  George  T. 

Scharffenberger,  executive  vice  presi- 
dent of  Litton  Systems  told  Missiles 

and  Rockets. 
Litton  Systems  has  components  in 

many  missiles,  but  it  regards  this  busi- 
ness as  "peanuts"  compared  to  the  sales 

dollars  it  has  logged  as  the  world's 
leading  producer  of  military  inertial 
navigation  systems.  Nevertheless,  it  be- 

lieves some  of  its  2000  products  can 
be  turned  into  profitable  space  vehicle 
hardware.  "It  is  possible,  for  example, 
that  one  of  our  intertial  navigation  sys- 

tems can  be  taken  as  a  unit  and  put  in 
a  lunar  logistics  vehicle,"  an  executive 
said.  Emphasis  is  on  attracting  more 
space  dollars  by  stressing  efficiency  and 
economy  possible  with  use  of  the  exist- 

ing products  and  capabilities  that  Lit- 
ton has  built  into  a  $500-million-a-year 

business  in  less  than  10  years. 
But  Litton  also  is  coming  up  with 

some  new  items,  including  a  flight  data 
system  that  marks  the  firm's  "signifi- 

cant" entry  into  the  manned  space  field. 
Litton  expects  this  system,  being  de- 

veloped under  a  classified  contract,  to 
give  it  a  position  in  the  space  systems 
market  comparable  to  that  which  it  now 
enjoys  in  the  aircraft  inertial  guidance 
field. 

The  company  is  also  developing  a 
"moon  suit,"  unique  in  that  it  resem- 

bles a  flexible  deep  sea  diving  suit  with 
bellows-type  joints  allowing  the  wearer 
greater  freedom  of  movement  than  does 
a  pressure  suit  or  a  rigid  capsule-type 
suit. 

In  addition,  the  firm  now  is  offering 
an  electric  propulsion  system,  utilizing 
a  linear  plasma  accelerator,  and  has 
four  prime  contracts  in  plasma  physics 
research. 

•  Broad  spread — New  emphasis  on 
the  space  hardware  business  does  not  in- 

L1TTON  BOARD  Chairman  Charles  B. 
Thornton  (standing)  and  President  Roy  L. 
Ash,  credit  "expanding  integration"  with 
helping  vast  sales  growth. 

dicate  less  effort  anywhere  else,  accord- 
ing to  President  Roy  L.  Ash.  "We  are 

pushing  on  all  fronts,"  he  says. 
"All  fronts"  includes  everything  from 

producing  S&H  Green  Stamps  to  build- 
ing nuclear  submarines — as  well  as  con- 

tinued search  for  new  acquisitions,  cur- 
rently in  the  business  machine  and  in- 

dustrial instrumentation  fields.  It  now 
has  61  plants  and  laboratories  in  15 
states  and  nine  foreign  countries. 

Litton's  broad  product  spread,  cou- 
pled with  its  many  acquisitions — 34  to 

date — has  seemed  like  wild  diversifica- 
tion to  many  Wall  Street  analysts.  Lit- 

ton executives  have  spent  a  great  deal  of 
time  explaining  Litton  to  the  financial 
community. 

After  conferences  with  top  Litton 
management,  one  New  York  analyst 
wrote  back:  "As  you  are  no  doubt  aware, considerable  doubt  has  arisen  in  the  minds 
of  investors  and  security  analysts  con- 

cerning the  philosophy  of  Litton's  ac- 
quisition program,  and  the  company's ability  to  grow  at  a  rate  commensurate 

with  the  past.  You  have  done  much  to 
dispel  this  feeling  in  my  mind." Board  Chairman  Charles  B.  Thorn- 

ton says  that,  though  Litton  constantly 
seeks  new  fields  and  usually  has  an  ac- 

quisition deal  in  some  stage  of  negotia- 
tion, it  doesn't  diversify  for  diversifica- 

tion's sake  alone.  "In  the  business  we're 
in,"  Thornton  says,  "there  is  plenty  of 
room  for  diversification."  And  a  Thorn- 

ton admonition  repeated  around  the 
the  company  is:  "Don't  attach  useless 
udders  to  the  corporate  cow." 

•  50-50  split — While  Litton's  prod- 
uct spread  seems  to  some  defense  indus- 
try observers  to  border  on  the  fantastic, 

Thornton  and  Ash  insist  all  Litton  ac- 
tivities and  products  stem  "from  a  body 

of  common  technologies." Ash  points  out  that  no  one  Litton 
program  comprises  more  than  10%  of 
sales,  and  no  one  product  line  "do  we 
project  as  accounting  for  more  than 
20%."  He  estimates  the  following  sales 
breakdown  for  Litton's  five  operating  di- visions: electronic  systems  (defense), 
30-35% ;  electronic  components,  9-12% ; 
business  machines,  equipment  and  sup- 

plies, 30-35%;  commercial  electronic 
equipment  and  services,  9-12%;  nuclear 
submarines  and  other  vessels,  the  rest. 

Defense-commercial  split  is  about  50- 
50.  In  addition  to  inertial  navigation  sys- 

tems for  military  aircraft,  Litton  defense 
products  include  such  missile/space 
items  as  tactical  data  systems,  flight  con- 

trol systems,  shipboard  navigation  sys- 
tems, guidance  and  control  computers, 

antennas,  air  data  computers  and  com- 

ponents. Thornton  and  Ash  consider  "ex- 
panding integration"  to  be  a  key  part 

of  the  formula  that  has  multiplied  Lit- 
ton sales  nearly  170  times  since  its  be- 

ginning as  a  tiny  microwave  outfit  in 
1953.  A  prime  defense  field  example  of 
this  is  Ingalls  Shipbuilding  Corp. — 
builder  of  nuclear  submarines  and  sur- 

face vessels,  and  Litton's  largest  acqui- sition to  date. 

"What  happened  in  the  aircraft  in- 
dustry after  World  War  II  probably 

will  happen  in  shipbuilding,"  Thornton 
said.  "Building  the  hull  is  nothing.  The 
submarine  is  the  most  complicated  elec- 

tronic package  today." Since  acquiring  Ingalls  less  than  a 
year  ago,  Litton  has  started  long-term 
developments  it  believes  will  result  in 
"the  biggest  step  to  date  toward  bring- 

ing Litton's  various  technologies  to  bear 
on  the  military  market."  According  to 
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has  immediate  openings 

in  expanding  aerospace  programs 

Environmental  Systems  Test  Engineers 
A  responsible  position  is  open  in  total  system  testing  of  space  environ- 

mental control  systems.  This  position  requires  a  minimum  of  3  years 
component,  subsystem  or  system  test  experience  in  sophisticated  test  labo- 

ratory. Must  understand  system  flexibility  from  safety  standpoint.  Work 
involves  high  pressure  pneumatics,  fluid  and  gaseous  flows.  Degree  or 
equivalent  essential. 

Design  Engineers  &  Checkers  for  Space 

Environmental  &  Cryogenic  Systems 
Openings  exist  for  experienced  board-type  designers  and  checkers  for 
work  on  complete  environmental  control  systems,  heat  exchangers, 
pneumatic  valves,  C02  absorbers,  ducting,  etc.  Degree  required  and 
cryogenic  and  pneumatic  valve  experience  is  highly  desirable. 

Design  Engineers  &  Checkers,  Electromechanical 
Work  on  highly  loaded  gear  trains,  servomechanism  systems  for  gear 
boxes  and  actuators.  Requires  a  strong  background  in  electromechanical 
board  design,  with  emphasis  on  high  temperature  materials  and  require- 

ments. B.S.M.E.  or  equivalent  required. 

Heat  Transfer  Development  Engineers 
Involves  work  on  sophisticated  heat  transfer  devices  for  space  and  air- 

craft environmental  control  systems.  These  precision  systems  require 
knowledge  in  manufacturing  processes  such  as  forming,  welding  and 
brazing.  B.S.  required. 

Preliminary  Design  Specification  Writers  for 

Environmental  Control  Systems 
Involves  review  and  analysis  of  customer  specifications  for  space  and  air- 

craft environmental  control  systems.  Includes  some  specification  writing. 
Engineering  degree  is  highly  desirable  and  a  minimum  of  a  2  year  engi- 

neering education  is  essential. 

Aerodynamicists 
B.S.  to  Ph.D.  level  aerodynamicists  required  for  advance  work  in  high 
speed  radial  compressors  and  turbines.  Involves  many  new,  as  well  as 
standard,  aerospace  applications  using  broad  range  of  working  fluids. 

Stress  &  Vibration  Analyst 
B.S.  to  Ph.D.  level  needed  for  work  on  turbine  and  compressor  design 
problems,  cast  and  sheet  metal  structures,  pressure  vessels,  critical  speeds 
and  temperature  analysis.  Knowledge  of  experimental  techniques  and 
problem  solving  with  electronic  computers  is  highly  desirable. 

•  Garrett  is  an  equal  opportunity  employer 

Please  send  complete  resume  to 
Tom  Watson  —  Department  6 

AIRES EARCH  MANUFACTURING  DIVISION 

9851  So.  Sepulveda  Blvd.,  Los  Angeles  45,  California 

Ash,  there  is  an  "inevitable"  trend  to- 
ward greater  automatic  operation  in 

ships  and  submarines:  "Look  at  the 
amount  of  equipment  a  submarine  needs 
— detection,  attack,  navigation,  control, 
communications,  weaponry.  The  Navy 
has  seen  the  advantage  of  more  com- 

pletely integrating  weapons  systems. 
There  will  be  greater  integration  of  jobs 

into  computing  capabilities." Thus  the  firm  expands  by  integrat- 
ing shipbuilding  into  its  organization 

through  the  same  technologies  and  prod- 
ucts it  uses  in  aircraft,  missiles  and  busi- 
ness machines. 

Thornton  admits  he  has  been  "dis- 
turbed" that  Litton's  policy  of  growth 

by  acquisition  has  aroused  fears  among 
its  investors  that  the  firm  is  building  a 
house  of  cards.  He  and  other  executives 

point  to  one  factor — time — -in  explain- 
ing Litton's  acquisition  philosophy. 
•  Buying  time — "In  today's  fast- 

moving  technology,  there's  no  time  to develop  all  of  our  own  capabilities,  so 
we  acquire  them.  We've  bought  people, 
products,  brand  names,  buildings  and 
sales  forces — all  adding  up  to  time." 

In  some  cases  acquisition  of  "time" involves  buying  a  market  position. 
"Many  companies  think  ability  in  the 
laboratory  is  the  way  to  success,"  Ash 
says.  "We  think  a  market  position  is 
equally  important.  And  we  know  our 
marketing  in  the  same  degree  of  gory 

detail  that  we  know  our  technologies." 
Part  of  the  advantage  in  "owning" 

a  market,  Ash  says,  is  that  "you  can 
watch  the  upstarts.  If  they  come  up  with 
something  good,  you  can  rush  back  to 
the  lab  and  beat  them.  Or  you  can  save 

your  money  and  watch  them  go  down." As  for  future  Litton  directions  and 

acquisitions,  Ash  reports,  "We  are  set- 
ting no  arbitrary  limit  on  the  technol- 

ogies that  will  join  our  pool,  nor  the 
markets  we  will  seek."  The  firm  has  a 
full-time  staff  working  on  an  enormous 
traffic  of  acquisition  proposals.  Brokers 
call  with  offers,  and  tips  are  likely  to  be 
received  by  almost  anyone  at  Litton, 
from  the  top  down.  Most  unsolicited 
proposals  are  rejected  quickly  because 
"they  don't  tie  in."  Savings  and  loan 
outfits  are  an  example. 

"People  become  confused,  of  course, 
regarding  our  mergers,"  Thornton  says. 
"One  thing  that  handicaps  us  a  little  bit is  that  the  stockholders  are  confused 

about  our  planning.  They  don't  see  the entire  plan  because  if  you  reveal  the 

whole  plan  you  tell  your  competitors." While  Thornton  is  reluctant  to  re- 
veal much  about  Litton's  "master  plan," 

he  makes  it  clear  what  it  is  not:  "Some 
people  can't  visualize  a  plan  unless  they 
see  a  long,  detailed  forecast — hell,  that's 
not  a  plan,  it's  a  budget.  You  can  lose the  forest  for  the  trees.  With  a  very 
detailed  long-range  plan,  you  also  be- 

gin to  lose  some  of  your  flexibility.  Our 
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DOUBLED  PERFORMANCE  Bandwidth  and  speed  have 
both  been  doubled  in  Mincom's  Series  G-100  Recorder/ Reproducer.  This  superb  all-purpose 
system  now  has  a  Direct  response  of  300  cycles  to  600  kc  at  120  ips.  At  60  ips  FM  response  is  dc 
to  20  kc  (extended),  dc  to  10  kc  (standard).  With  fourteen  interchangeable  analog  or  FM  tracks  in 
one  standard  rack,  the  G-100  is  now  even  better  equipped  for  its  job  of  static  or  dynamic  testing— 
with  Mincom's  reliable  simplicity.  Plug-in  card  system  record/reproduce  modules  and  Mincom's 
exclusive  DC  tape  transport  reduce  maintenance  down  time  to  a  minimum.  Write  today  for  details 
and  complete  specifications. 
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Space  Systems 

Current  assignments 

on  East  and  West  Coasts 

IBM  teams  are  working  in  these 
and  related  vital  fields: 

•  ANALYSIS   •  ENGINEERING 
•  PHYSICS     •  PROGRAMMING 

Operational  Mission  Analysis 
Functional  Requirements 
Conceptual  Studies 
Satellite  Control  Systems 
Orbital  Prediction 
Attitude  Control 
Rendezvous  Techniques 
Ground  Instrumentation 
Space  Science  Studies 
Optical  Tracking 
Re-entry  Physics 
Atmospheric  Density 
Decoy  Discrimination 
Exploratory  Space  Systems 
Meteorological 
Navigational 
Logistic 
Communications 
IBM  projects  and  studies  range  from 
Project  Mercury  and  related  Man-in- 
Space  programs  to  advanced  studies 
in  Laser-based  communications  and 
a  range  of  space  environmental  tasks. 
Resumes  are  invited.  Immediate  inter- 

views can  be  arranged  with  our  Space 
Systems  Group  in  LOS  ANGELES  or 
WASHINGTON,  D.  C,  area. 

Write:  James  H.  Burg,  Dept.  604X5 
IBM  Federal  Systems  Division 
7220  Wisconsin  Avenue 
Bethesda  14,  Md.  a  n  Equal  Oiiporrunitv  Employer 

short-term  plan  is  detailed;  our  long- 
range  plan  involves  some  very  big 

studies." 
Thornton  likes  to  say  that  his  long- 

range  planning  involves  "visualizing 
what  the  blue-chip  character  of  a  com- 

pany will  be  when  it  reaches  some  de- 
gree of  maturity  in  this  industry." 

•  Accenting  creativity — As  in  the 
case  of  its  acquisition  philosophy,  Lit- 

ton boils  its  management  and  organiza- 
tional philosophy  down  to  one  word — 

creativity.  As  Ash  explains  it,  "There 
are  always  the  best  opportunities  when 
change  is  going  on.  We  ask  ourselves 
how  we  can  best  go  about  capitalizing 
on  today's  tremendous  technological 
changes.  In  dealing  with  change,  you 
can  resist  it,  adapt  to  it  or  create  it.  If 
you  do  the  last,  you  can  be  a  leader. 
Thus  we  need  creative  people  and  we 
need  an  organization  that  can  make  the 
fullest  use  of  their  creative  talents." 

This  approach  dictates  Litton's  or- 
ganizational structure.  "We  steer  away from  an  industrialized  structure  based 

on  rigid,  hierarchical  lines,"  Ash  says. 
"We  never  could  achieve  our  goals  in  a 
hierarchical  structure.  Some  companies 
are  organized  so  that  only  the  apex — the 

people  at  the  top — exercise  creativity. 
We  want  people  at  all  levels  and  in  all 
departments  of  the  company  to  make 
the  most  of  their  abilities."  As  a  result, 
Litton  picks  what  Ash  calls  "the  entre- 

preneur-types, the  creative  businessmen" as  its  division  heads.  Ash  likens  them  to 
high-spirited  horses  which  must  be  given 
light  rein. 

Some  Litton  spokesmen  describe  the 
firm  as  a  decentralized  organization. 
They  point  out  that  with  total  employ- 

ment of  37,500,  Litton's  headquarters staff  totals  only  86  persons,  including 
support  personnel.  But  Ash  dislikes  the 
use  of  any  label.  "We  can't  say  whether we  are  decentralized  or  centralized.  We 
look  at  it  in  terms  of  where  the  crea- 

tivity is  put  in.  We  want  it  at  all  levels." 
Likewise,  Ash  and  Thornton  dis- 
like pinning  an  "electronics"  label  on 

Litton.  Recalling  that  Litton  manage- 
ment has  sometimes  "caught  hell"  from irate  stockholders  wanting  to  know  why 

an  "electronics  outfit"  had  acquired  this 
or  that  company,  Thornton  said  the  "so- called  electronics  industry  is  beginning 
to  lose  some  of  its  identification.  We 
don't  sell  electronics.  We  sell  new 

technologies."  8 

optics 

Masers  Proposed  for  Voice 

Communications  in  Space 

Utica,  N.Y. — Two  engineers  claim 
that  optical  masers  can  be  used  to  trans- 

mit voice  communications  over  inter- 
planetary distances. 

An  arrangement  including  a  laser 
transmitter  and  a  receiving  system  de- 

signed around  photomultipliers  operat- 
ing in  the  3200-5000  A  region  would  be 

capable  of  functioning  over  distances  of 
the  order  of  108km  over  a  3kc  band- 

width, according  to  Vincent  J.  Corcoran 
and  F.  W.  Griffith  of  Astromarine  Prod- 

ucts Corp.  in  Illinois. 
In  a  paper  presented  at  the  Institute 

of  Radio  Engineers'  Eighth  National Communications  Symposium,  held  here 
recently,  the  two  authors  note  that  use 
of  photomultipliers  of  the  type  proposed 
would  involve  significant  noise — back- 

ground cosmic  noise,  dark  current  noise, 
and  photoelectric  shot  noise. 

But  they  report  that  with  the  system 
design  they  propose  background  noise 
can  be  reduced  by  either  receiver  field- 
of-view  shifts  or  spectral  filtering.  Dark 
current  noise  can  be  decreased,  they 
claim,  by  reducing  the  photosensitive 
area  or  lowering  photocathode  operating 
temperature. 

In  the  basic  system  concept  for  the 

laser  transmitter,  the  output  of  the  low- 
level  oscillator  is  passed  through  a  mode 
selector  which  eliminates  the  unwanted 
oscillator  modes.  The  laser  beam  is  then 
modulated  at  audio  frequencies  or  at  a 
subcarrier  oscillator  frequency  on  which 
the  audio  information  has  been  im- 

pressed. A  traveling-wave  laser  ampli- 
fier is  used  to  increase  the  signal  power, 

with  fiber  optics  employed  in  the  final 
antenna  feed  design. 

The  authors  note  that  with  the  oscil- 
lator-amplifier type  of  transmitter,  mode 

selection  and  modulation  can  be  ac- 
complished at  low  levels,  resulting  in 

improved  efficiency. 
In  the  receiver,  radiation  is  collected 

and  passed  through  a  narrow-band  spec- 
tral filter  to  cut  background  radiation. 

A  multiplier  photo  tube  detects  the  sig- 
nal, which  then  goes  to  a  conventional 

communications  receiver. 
Considerable  R&D  is  still  required  in 

several  aspects  before  a  practical  work- 
ing system  can  be  built,  the  authors  con- 

cede. On  the  other  hand,  they  observe 
that  all  the  functional  components  of 
the  optical  system — except  the  CW 
amplifier — now  exist  as  experimental 
devices.  8 
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asks  basic  questions  in  space 

This  plotting  board,  driven  by  an  ibm  computer,  tells  Throughout  each  orbital  flight,  the  project  mercurt  Con- 
project  mercurt  control  personnel  the  exact  location  of  the  trol  System  continuously  predicts  the  point  where  the  mercurt 
mercurt  spacecraft  at  any  time  in  its  orbit.  spacecraft  will  eventually  return  to  earth. 

Manned  satellite  tracking  requires  up-to-the-second 
information.  To  tell  us  where  a  mercury  spacecraft 
is  now  and  where  we  should  look  for  it  next,  an  ibm 

computer  system  at  the  NASA-Goddard  Space  Flight 
Center  has  been  linked  to  ground  tracking  stations. 
This  system  connects  sensors,  real-time  communica- 

tions channels,  data  processors,  and  displays  into  an 
information  network.  It  transforms  data  from  space 
into  continuous  predictions  of  flight — from  launch- 

ing, through  orbit,  to  impact. 

Space  information  systems  must  squeeze  thousands 
of  complex  computations  into  split  seconds.  To  re- 

duce computation  time  requirements,  ibm  engineers 
are  investigating  the  application  of  advanced  com- 

puting techriiques — such  as  associative  memory  and 
auxiliary  storage  of  precalculated  data — to  space  sys- 

tems. To  enable  tracking  systems  to  operate  in  real 
time,  they  have  developed  special  communications 
channels  for  project  mercury  and  other  projects, 
speeding  data  into  central  computers  and  back  to 
tracking  stations  around  the  world.  In  another  area, 
under  contract  to  the  Radio  Division  of  the  Bendix 

Corporation,  ibm  has  designed  a  data  processing  sys- 
tem for  real-time  control  of  an  Electronically-Steer- 

able  Array  Radar  (ESAR) .  This  new  approach  to  han- 
dling data  in  radar  systems  makes  it  possible  to  switch 

the  direction  of  radar  beams  with  far  greater  speed 

than  was  possible  by  using  mechanical  methods — so 
that  one  radar  can  track  many  satellites  and  space 
vehicles  simultaneously. 

Tracking  systems  will  improve  as  we  learn  more 
about  space.  Present  atmospheric  models  are  static. 
Their  failure  to  reflect  the  ebb  and  flow  in  the  den- 

sity of  the  air  forces  us  to  approximate  orbital  per- 
mutations due  to  atmospheric  drag.  By  feeding  data 

from  satellites  traveling  through  the  atmosphere 
into  an  ibm  7090  computer  at  the  Smithsonian 
Astrophysical  Observatory,  ibm  scientists  are  plotting 
air  density  as  a  function  of  deceleration.  The  dy- 

namic atmospheric  model  to  emerge  from  their  work 
will  make  predictions  of  space  flight  in  the  region 
lying  between  150  and  several  hundred  miles  from 
earth  more  accurate  ...  an  important  step  toward 
the  precise  control  needed  for  the  space  systems 
of  the  future. 

If  you  have  been  searching  for  an  opportunity  to 
make  important  contributions  in  space,  programming 

development,  manufacturing  research,  solid-state 
development,  or  any  of  the  other  fields  in  which  ibm 
scientists  and  engineers  are  finding  answers  to  basic 
questions,  please  contact  us.  ibm  is  an  Equal  Oppor- 

tunity Employer.  Write  to:  James  H.  Burg,  Dept. 
604X5,  IBM  Federal  Systems  Division,  7220  Wis- 

consin Avenue,  Bethesda  14,  Maryland. 
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keep  in  track 

WITH  MOTOROLA'S 
QUALIFIED 

INSTRUMENTATION 

A  complete  line  of  radar  transponders  and  command  receivers  is  now 
available  from  Motorola  for  off-the-shelf  delivery.  Designed  and  built  to  meet 

the  tracking  and  control  requirements  of  a  wide  variety  of  missiles,  rockets, 
drones,  manned  aircraft  and  space  vehicles,  this  compact  instrumentation 

is  setting  new  standards  of  performance  and  reliability.  Typical  are  Motorola's 
subminiature,  solid  state,  C-band  transponders,  conservatively  specified  for 

maximum  reliable  operating  life  under  the  most  severe  environmental  conditions. 
Designed  for  reliable,  high-precision  tracking  by  multiple  radars  at  extended 

ranges,  these  transponders  feature  high  power  and  superior  sensitivity. 
And  they  are  also  available  in  S  and  X  band  versions.  If  you  are  interested  in 

performance  specifications  on  any  of  Motorola's  qualified  transponders 
or  command  receivers,  write  to  our  Instrumentation  Products  Group  today. 

AN  DPN  66  Superheterodyne  Transponder 
Power:  500  watts.  Sensitivity:  -70dbm Size:  200  cu.  in. Weight:  10.8  lbs. 
SST-131  Microminiature  Superheterodyne  Transpose 
Power:  400  watts.  Sensitivity:  -65dbm Size:  40  cu. in.  Weight:  3  lbs. 
AN/DPN-71  High  Power  Superheterodyne  Transponde 
Power:  20  Kilowatts.  Sensitivity: -75dbm Size:  0.3  cu.  ft. Weight:  28  lbs. 
SST-114  Subminiature  Crystal  Video  Transponder 
Power:  50  watts.  Sensitivity: -42dbm Size:  55  cu.  in. Weight:  3.5  lbs. 
AN  0RN  11  UD0P  (UHF  Doppler)  Transponder 
Power:  3  watts.  Sensitivity:  5^V 
Range:  Input  430-470mcs  (Output  2x)  Weight:  10.5 
MCR-100  Series  Radio  Command  Receiver Channels:  10. Sensitivity:  5^V 
Range:  406-450mc. Weight:  2  lbs.  15oz.(max.) 
MCR-300  Series  Radio  Command  Receiver Channels:  3. Sensitivity:  5/iV 
Range:  406-450mc.  Weight:  2  lbs. (max.) 
MCR-4D0  Series  Radio  Command  Receiver Channels:  4. Sensitivity:  5(jV 
Range:  406-450mc.  Weight:  3  lbs.  13  oz.(max.) 

Circle  No.  9  on  Subscriber  Service  Cord Military  Electronics  Division 
8201  East  McDowell  Road  •  Scottsdale,  Arizona 

MOTOROLA 



DOD  Cracks  Down  on  Cuba  News 

DOD  HAS  ISSUED  stringent  new 
regulations  restricting  the  flow  of  pub- 

lic information  for  the  duration  of  the 
Cuban  crisis.  Described  as  a  compilation 
or  extrapolation  of  existing  security  di- 

rectives, the  guide  outlines  information 
considered  vital  to  national  security. 

Newsmen  were  asked  not  to  divulge 
the  following: 

•  Any  discussion  of  plans  for  em- 
ployment of  strategic  or  tactical  forces 

of  the  U.S.,  including  types  of  equip- 
ment and  new  or  planned  location  of 

command  or  control  centers  or  detection 
systems. 

•  Estimates  of  U.S.  capability  of 
destroying  targets,  including  numbers 
of  weapons  required,  size  and  character 
of  forces  required,  ability  of  these  forces 
to  penetrate  defenses,  and  accuracy  or 
reliability  of  forces  or  weapons  systems. 

•  Intelligence  estimates  concerning 
targets  or  target  systems,  such  as  num- 

bers, types  and  locations  of  aiming 

points  in  the  target  system,  enemy 
missile  and  bomber  forces,  etc. 

•  Intelligence  estimates  of  enemy 
plans  or  capabilities,  or  information 
which  would  reveal  the  level  of  success 
of  U.S.  intelligence  efforts  or  operations 
with  respect  to  Cuba  or  the  Communist 
bloc. 

•  Degree  of  alert  of  military  forces. 
•  Official  estimates  of  vulnerability 

to  various  forms  of  enemy  action,  in- 
cluding sabotage  of  U.S.  Armed  Forces 

and  installations. 
•  New  data  concerning  operational 

missile  distribution,  numbers,  operation- 
al readiness.  Estimates  of  effectiveness 

of  strike  capability  of  missile  forces. 
•  Details  of  command  and  control 

systems,  including  new  or  planned  com- 
mand posts  and  facilities,  estimates  of 

ability  to  survive  enemy  attack,  security 
measures,  etc.,  including  sea  or  airborne 
command  posts. 

Soviet  Missiles  in  Cuba 

(Continued  from  page  14) 
Initially,  a  Pentagon  spokesman 

said,  shipments  of  defensive  weapons 
such  as  surface-to-air  missiles  or  Komar- 
carried  missiles  would  be  allowed  to 
continue  to  Cuba.  However,  it  was  indi- 

cated that  this  policy  could  be  changed. 
The  methods  of  elimination  of  al- 

ready existing  missile  bases  were  not 
revealed.  However,  if  other  means  are 
not  effective,  Defense  spokesmen  did 
not  rule  out  the  possibility  of  destroying 
the  sites  by  aerial  bombardment  or  other 
active  measures. 

Under  the  direct  command  of  Vice 

Adm.  Alfred  G.  Ward,  commander  of 
the  Second  Fleet,  the  quarantine  task 
force — designated  Task  Force  136 — is 
drawn  from  elements  of  the  U.  S.  At- 

lantic Fleet  and  shore-based  patrol  and 
combat  aircraft.  The  exact  composition 
of  the  force  has  not  been  revealed. 

It  is  believed  that  Ward  has  availa- 
ble, but  not  necessarily  committed,  4 

attack  aircraft  carriers  (including  the 
nuclear-powered  Enterprise),  6  cruisers, 
over  150  destroyers,  an  ASW  force  and 
approximately  87  submarines  including 
nuclear-powered  attack  submarines. 

Aircraft  and  submarines  attempting 
to  carry  cargo  to  Cuba  will  also  be 
interdicted.  tt 

The  Missile/Space  Week 

(Continued  from  page  11) 

Cape  Building  Bids  Out 
The  Corps  of  Engineers  district 

office  in  Jacksonville,  Fla.,  has  called 
for  bids  on  several  construction  proj- 

ects at  Cape  Canaveral  as  the  pace 
of  the  Manned  Lunar  Landing  pro- 

gram increases. 
Largest  of  the  contracts  calls  for 

construction  of  a  six-mile-long 
causeway  from  the  heart  of  the  Cape 
to  the  center  of  the  newly  acquired 
land. 

The  bids  will  be  opened  Dec.  13; 
the  project  is  estimated  to  cost  $2 
million. 

Bids  will  be  opened  Nov.  14  for 
construction  of  a  $100,000  spin  test 
building  where  missile  components 

will  be  checked  in  a  flight  simulator. 
Bids  on  modification  of  Titan  Pad 

20  will  be  opened  Nov.  15.  The  call 
for  bids  says  the  $700,000  project 
includes  extending  and  strengthen- 

ing the  erector-gantry  and  umbilical 
mast  to  accommodate  a  larger  Air 
Force  missile. 

Nov.  19  has  been  set  as  the  date 
for  opening  bids  on  replacing  over- 

head electrical  circuits  with  under- 
ground ducts.  Cost  is  estimated  at 

about  $100,000. 
Bids  on  two  construction  projects 

will  be  opened  Nov.  20. 
The  first  calls  for  bids  on  con- 

structing two-story  additions  to  en- 
gineering and  lab  buildings  at  Cape 

Canaveral.  Estimated  cost  of  the 
work  is  $500,000. 

The  second  group  of  bids  will  deal 
with  a  $300,000  addition  to  the  base 
communications  building. 

ENGINEERING 

TEST  PILOT 

(For  Manned  Spacecraft) 

North  American  Aviation's  Space  & 
Information  Systems  Division,  one 
of  America's  leading  aerospace 
companies,  located  in  Southern 
California,  offers  to  the  test  pilot 
a  unique,  challenging  opportunity. 

You  must  be  6'1"  or  under,  30-42 
years  of  age  (preferably  30-35) ,  and 
currently  or  recently  engaged  in 
experimental  or  engineering  flight 
test  programs  and  interested  in  par- 

ticipating in  a  major  aerospace 
contractor's  mission  simulation  and 
development  program  for  an 
advanced  manned  spacecraft.  No 
flying  will  be  involved,  but  appli- 

cants must  be  physically  qualified 
to  work  in  pressure  chambers  and 
on  the  human  centrifuge. 

For  additional  information,  send  a 
resume  to: 

MR.  G.K.  STARR 
EMPLOYMENT  SERVICES 
12214  LAKEWOOD  BLVD. 
DOWNEY,  CALIFORNIA 

All  qualified  applicants  will  receive  considera- tion for  employment  without  regard  to  race, 
creed,  color,  or  national  origin. 

SPACE  AND  INFORMATION 

SYSTEMS  DIVISION 

North  American  Aviation  AH-^ 
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soviet  affairs 

by  Dr.  Albert  Parry 

Failures  in  Soviet  rocketry  .  .  . 

are  gingerly  touched  upon  in  a  recent  article  in  Komsomolskaya  Pravda. 
Titled  "Records  of  Reliability,"  the  story  by  Yu.  Novakov  hints  (rather 
than  stating  outright)  that  95%  of  Russia's  launchings  to  date  have 
been  successful,  five  percent  failures.  The  proportion  would  have  been 
reversed,  says  Novakov,  without  the  expert  judgment  of  Soviet  scien- 

tists and  engineers. 

"The  simplest  means  of  enhancing  the  reliability  of  any  piece  of 
technical  equipment  is  to  double  that  piece,"  Novakov  writes.  "Thus 
the  reliability  of  radio  contact  with  a  spaceship  will  increase  if  we 
install  on  that  ship  two  sets  of  radio  apparatus  instead  of  one."  But he  notes  that  the  second  set  should  be  used  not  as  an  emergency 
substitute  for  the  first  set  as  a  whole,  but  rather  to  provide  the  one 
or  more  particular  components  whose  counterparts  may  have  mal- 

functioned in  the  original.  "The  reliability  of  a  set,  doubled  element 
by  element,  is  much  higher  than  that  of  a  set  replaced  in  toto,"  he observes. 

Despite  the  newness  of  the  still-developing  theory  of  rocket  re- 
liability, Novakov  says,  Soviet  scientists  have  reached  great  successes 

in  its  growth." 

Russian  research  into  anti-gravity  .  .  . 
has  yet  to  yield  an  answer  as  to  whether  the  phenomenon  actually 
exists,  according  to  an  article  on  "Puzzles  of  Gravitation"  in  Krasnaya 
Zvezda.  Author  K.  Viktorov  declares  that  "the  law  of  gravity  cannot 
be  considered  universal.  Its  effect  is  limited  by  a  certain  area."  But 
he  adds  that  "so  far,  the  interesting  question  of  whether  anti-gravity 
exists  has  not  been  cleared  up.  It  is  possible  that  anti-gravity  is 
possessed  by  the  so-called  anti-particles  which  by  now  have  been 
discovered  for  almost  all  elementary  particles.  To  date,  however, 
science  has  not  succeeded  in  checking  this  experimentally."  Viktorov 
alludes  to  other  Soviet  experiments  with  gravity,  which  he  says  have 
been  successful.  These  were  tests  carried  out  in  Russia  a  year  and  a 
half  ago  which  proved,  Viktorov  reports,  that  no  real  handicaps  exist 
for  the  forces  of  gravity — "they  pass  through  the  body  of  our  planet 
as  freely  as  if  it  were  an  empty  space." 

A  chemical  information-logic  machine  .  .  . 

is  being  researched  and  built  in  Moscow's  Ail-Union  Institute  of 
Scientific  and  Technical  Information.  The  Institute's  director,  Profes- 

sor A.  Mikhailov,  recently  told  a  reporter  (Pravda,)  that  once  it  is 

properly  programed  the  electronic  machine  will  "for  instance  be  able to  show  within  moments  in  what  alloys  of  metals  a  certain  electric 
resistance  can  be  found,  or  a  needed  durability  or  a  temperature 
stability  is  present,  also  what  effect  a  certain  chemical  compound  has 

on  living  organisms." 

Mysteriously  new  breath-taking  ideas  .  .  . 
of  space  feats  are  ascribed  by  Cosmonaut  Andrian  Nikolayev  to 
Glavny  Konstruktor,  the  strictly  anonymous  Designer  in  Chief  of  the 
Vostok  ships.  Writing  in  Krasnaya  Zvezda  of  August  29,  Maj.  Niko- 

layev waxes  enthusiastic:  "The  Designer  in  Chief  possesses  an  extraor- 
dinary gift  of  clairvoyance.  I  have  always  been  astounded  by  his 

ability  to  penetrate  the  future  boldly  and  far.  He  is  carried  away, 
he  depicts  one  tableau  after  another — and  you  are  already  torn  off 
the  Earth,  in  your  thoughts  you  are  already  traveling  in  the  endless 

space  of  the  great  cosmos."  He  quotes  the  Designer  as  telling  the 
cosmonauts:  'This,  my  dear  fellows,  will  happen — will  happen  with- 

out fail.  And  perhaps  it  will  occur  in  ways  yet  more  novel  and  inter- 
esting than  I  now  tell  you.  .  .  ." 



SELTZER  TABLETS.  GLASS  OF  WATER.  UNMIXED,  YOU  HAVE  AN  INERT  SOLID,  AN  INERT  LIQUID.  MIX  THEM,  YO
U  HAVE  IMMEDIATE 

REACTION.  WHAT  DOES  THIS  SIMPLE  THERAPEUTIC  SYSTEM  HAVE  IN  COMMON  WITH  UTC  ROCKET  PROPUL
SION  DEVELOPMENT? 

JNITED  TECHNOLOGY  CORPORATION  IS  WELL  ALONG  WITH  A  DEVELOPMENTAL  HYBRID  ROCKET  MOTOR,  IN  WHICH
  A  LIQUID 

3XIDIZER  IS  BROUGHT  INTO  CONTACT  WITH  SOLID  FUEL.  THE  RESULT  IS  A  WHOLLY  NEW  KIND  OF  PROPULSION  S
YSTEM,  COM- 

3INING  TRADITIONAL  SOLID  PROPELLANT  RELIABILITY  WITH  THE  HIGH  PERFORMANCE  FIGURES  CHARACTERISTI
C  OF  LIQUID 

ENGINES.  UTC'S  HYBRID  OFFERS  UNLIMITED  START-AND-STOP  CAPABILITY,  AND  HIGHER  SPECIFIC  IMPULSE  THANANY
 OTHER 

NON-CRYOGENIC  SYSTEM.  APPLICATIONS:  HUGE  BOOSTERS,  SOFT  LUNAR  LANDINGS,  ORBITAL  CHANGES  OF^g^T^y^ 

SPACECRAFT,  CONTROLLABLE  BALLISTIC  MISSILES.  ANOTHER  STATE-OF-THE-ART  ROCKET  DEVELOPMENT  BY  UTC.^^
^^^ 

United  Technology  Corporation f».  O.  BOX  358,  SUNNYVALE,  CALIFORNIA 
Circle  No.  11  on  Subicriber  Service  Card 

SUBSIDIARY  OF  UNITED  AIRCRAFT  CORPORATION 
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The  Industry  Week 

SEC  Questions  ARC  Funds  Use 
The  Securities  and  Exchange  Commission  has 

accused  certain  unnamed  Atlantic  Research  Corp. 
officials  of  siphoning  off  nearly  $4  million  in  cor- 

porate funds  as  loans  to  enable  individuals  to  buy 
ARC  stock  in  the  open  market. 

The  transaction — allegedly  made  through  va- 
rious intermediaries — occurred  "without  specific 

approval  of  the  board  and  without  public  dis- 
closure," the  commission  charged.  By  Oct.  12, 

SEC  claimed,  approximate  amount  of  the  notes 
totaled  $3.9  million. 

SEC  made  the  charges  against  ARC  when  it 
extended  its  temporary  suspension  of  ARC  stock 
on  exchanges  and  over  the  counter.  The  public 
charges  and  actions,  to  date,  SEC  said,  do  not  in 
any  way  relate  to  solvency  of  the  company. 

ARC  officials  refused  to  deny  or  confirm  any 
of  SEC's  statements.  They  claimed  the  law  pre- 

vents their  "discussion  of  such  matters  while 
under  active  inquiry."  Commission  sources,  how- 

ever, told  M/R  that  ARC  is  "under  no  greater 
restraint  against  rebuttal  than  ordinarily — 
though  what  they  can  and  cannot  say  is  a  ticklish 

legal  question." 
One  source  added,  "The  commission  frowns 

on  certain  kinds  of  statements  in  such  situations" 
— but  would  not  clarify  the  point. 

In  a  move  apparently  related  to  the  SEC 
action,  ARC's  board  named  Arthur  W.  Sloan, 
executive  vice  president,  and  James  M.  Johnston, 
a  director,  to  act  as  a  special  interim  "finance 
committee,"  vested  with  sole  authority  over  all 
ARC  transactions — apart  from  day-to-day  rou- 

tine matters.  As  the  board's  move  was  made  pub- 
lic by  SEC  rather  than  by  the  company,  it  was 

believed  in  some  quarters  that  commission  pres- 
sure was  responsible  for  the  action. 

Industry  Facilities 
Wyle  Laboratories  is  expanding  its  facilities 

at  Huntsville,  Ala.,  to  form  a  million-dollar  aero- 
space test  installation.  The  firm's  Westbury, 

N.  Y.  test  installation  will  be  moved  to  Hunts- 
ville by  Nov.  1.  Extent  and  rapidity  of  further 

expansion  will  be  determined  by  rapidity  of 
NASA's  own  acceleration  of  its  programs  in  the 
area,  a  Wyle  spokesman  said.  .  .  .  Thiokol  Chemi- 

cal Corp.  has  opened  a  new  regional  office  for 
Rocket  Operations  in  San  Bernardino,  Calif.,  The 
office  will  serve  USAF  Ballistic  Systems  Div.  at 
nearby  Norton  AFB.  .  .  .  Astrolab,  Inc.,  will  move 
into  new,  expanded  facilities  at  Springfield,  N.J., 
Industrial  Park  next  month.  Astrolab  designs 
and  manufactures  microwave  components  used 
by  a  number  of  major  missile/space  firms.  .  .  . 
The  Nevada  Extension,  Space  Nuclear  Propul- 

sion office,  is  now  operational  and  assumes  re- 
sponsibility for  construction  and  operation  of 

facilities  at  the  Nuclear  Rocket  Development 
Station,  located  at  AEC's  Nevada  test  site. 

SNPO,  a  joint  office  of  NASA  and  AEC,  will 
handle  static  testing  of  nuclear  rockets  at  the 
station.  .  .  .  Northrop  Corp.'s  move  of  its  Ven- tura Div.  to  new  Conejo  Valley,  Calif.,  quarters 
will  be  scheduled  to  coincide  with  the  firm's  year- end  vacation  schedule.  Present  Van  Nuys  facility 
functions  will  end  with  close  of  final  work  shift 
Dec.  21.  New  operations  at  Conejo  will  begin 
Jan.  7.  Employees  will  be  asked  to  take  vacation 
Jan.  2-4,  which  are  ordinarily  Northrop  work 
days.  Other  exceptions  to  customary  work  sched- 

ules are  planned  to  facilitate  the  move.  .  .  . 
Colvin  Laboratories,  E.  Orange,  N.J.,  has  more 
than  doubled  its  manufacturing  facilities  under 
an  expansion  program  for  greater  production  of 
pressure  and  displacement  transducers.  The  firm 
has  increased  its  personnel  by  60%  since  last 
January.  Greater  expansion  and  hiring  of  more 
personnel  are  expected  in  the  near  future. 

From  the  Cradle  . . . 

Industry  recruiters  are  reaching  farther  down 
the  age  scale  in  an  effort  to  fill  expected  missile/ 
space  manpower  requirements.  One  move  is  to 
step  up  indirect  support  of  school  science  fairs. 

Though  most  science  fairs  accept  support 
only  from  nonprofit  organizations,  commercial 
firms  often  provide  the  funds  with  which  pro- 

fessional groups  finance  the  awards. 
Many  companies  now  offer  summer  jobs  to 

top  science  fair  winners,  hoping  to  gain  them 
as  permanent  employees  after  college.  As  an 
added  dividend  industrial  community  relations 
efforts  seem  to  be  enhanced  by  industry  partici- 

pation in  science  fair  programs. 
Collins  Radio  Co.  gained  nationwide  publicity 

by  opening  its  surplus  parts  and  components  sup- 
ply free  to  students  working  on  science  fair 

projects.  Minneapolis-Honeywell  turned  over  fa- 
cilities to  a  science  fair  finalist  to  build  one  of 

the  most  sophisticated  rockets  made  by  an  indi- 
vidual. It  then  arranged  with  the  Navy  for  tests 

of  the  rocket  at  China  Lake,  Calif.  An  M-H  pro- 
motional film  on  the  rocket  has  been  shown  at 

schools  throughout  the  country;  the  student, 
now  in  college,  is  working  for  the  firm. 

Public  relations  through  science  fairs  is  big 
business  today.  More  than  three  million  persons 
saw  nearly  100,000  exhibits  built  by  students 
last  year.  A  study  shows  that  more  than  90% 
of  the  finalists  at  the  National  Science  Fair- 
International — pinnacle  of  science  fair  competi- 

tion— go  on  to  careers  in  science  and  engineering. 
AEC,  NASA,  Navy,  Army  and  Air  Force  all 

offer  awards  at  science  fairs,  as  do  such  organi- 
zations as  the  American  Chemical  Society  and 

the  National  Telemetering  Conference. 
One  company  spokesman  says  his  firm  will 

next  take  a  look  at  science  exhibits  in  elementary 
schools,  to  see  if  it  should  really  plan  ahead. 
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contracts  and  procurements 

AWARDS 

AIR  FORCE 

$83,960,000 — Morrison-Knudsen,  Hardeman,  Pc- rini,  Leavell  and  Utal,  a  joint  venture,  Boise, 
Idaho,  for  construction  of  launcher  and  launch 
control  facilities  for  the  fifth  Minuteman  wing 
at  Francis  E.  Warren  AFB,  Wyo. 

$40,765,000 — Boeing  Corp.,  Seattle,  for  assembly 
of  Minuteman  missiles  and  production  of  as- 

sociated spare  parts  and  technical  data.  Work 
will  be  done  in  Clearfield,  Utah  and  at  Seattle. 

$33,849,000 — Martin  Marietta  Corp.,  Denver,  for Titan  11  work  at  Lowry  AFB,  McConnell 
AFB,  Davis-Monthan  AFB  and  Little  Rock AFB. 

$28,450,000 — Martin  Marietta  Corp.,  Denver,  for 
research  and  development  on  Titan  11. 

$21,820,000 — Boeing  Co.,  Seattle,  for  work  on 
the  X-20  Dyna-Soar  program. 

$12,000,000 — Lockheed  Aircraft  Corp.,  Sunny- vale, Calif.,  for  work  on  space  programs. 

$8,700.000 — North  American  Aviation,  Inc.,  Los 
Angeles,  for  research  and  development  work 
on  Minuteman  guidance  and  control  systems 
(supplemental  contract ) .  Work  to  be  done  by 
NAA's  Autonetics  Div.,  Downey,  Calif. 

$7,125,000 — Martin  Marietta  Corp.,  New  York 
City,  for  installation  and  checkout  of  Titan 
complexes  at  Ellsworth  AFB,  Mountain  Home 
AFB,  Larson  AFB  and  Beale  AFB  (supple- mental contract). 

$5,000.000— American  Machine  &  Foundry  Co., 
New  York  City,  for  work  on  the  Titan  I 
launcher  system  (supplemental  contract). 
Work  to  be  done  at  Beale  AFB. 

$4,000,000— Lockheed  Missile  &  Space  Co.,  Sun- 
nyvale, Calif.,  for  work  on  the  Agena  space 

program. 
$3,648,000 — Aerojet-General  Corp.,  Sacramento, 

Calif.,  for  work  on  Titan  II  propulsion  sys- tems. 

$3,100.000 — Radio  Corp.  of  America,  Camden, 
N.J.,  for  X-20  Dyna-Soar  communications  and 
tracking  equipment. 

$2,559,717 — Halvorsen,  Inc.,  and  McLaughlin, 
Inc.,  joint  venture,  Spokane,  Wash.,  for  an- tenna support  facilities  for  Titan  II  bases  at 
Davis-Monthan  AFB,  McConnell  AFB  and Little  Rock  AFB. 

$2.976,680— Avco  Corp.,  New  York  City,  for 
work  on  re-entry  vehicle  (supplemental  con- 

tract).   Work    to    be    done    at  Wilmington, 
Mass. 

$2.458,440 — General  Motors  Corp.,  for  work  on 
Titan  II  guidance  equipment.  Work  to  be  done 
at  Milwaukee,  Wise. 

$2,400,000 — Radio  Corp.  of  America,  New  York 
City,  for  final-stage  vehicles  and  services  in 
support  of  space  programs.  Work  to  be  done 
at  Burlington,  Mass. 

$1,986,000 — Paul  Hardeman,  Inc.,  Staunton,  Calif., 
for  installation  and  checkout  of  propellant 
transfer  systems  for  the  Titan  missile.  Work 
to  be  done  at  Davis-Monthan  AFB,  McCon- 

nell AFB,  Little  Rock  AFB  and  Vandenberg 
AFB. 

$1,818.000 — North  American  Aviation,  Inc.,  Dow- 
ney, Calif.,  for  spare  parts  for  Minuteman missile  control  systems. 

$1,700.000 — Martin  Marietta  Corp.,  Denver,  for 
provision  of  ground  support  equipment  for the  Titan  I  missile. 

$1,215.000 — American  Machine  &  Foundry  Co., 
New  York  City,  for  work  on  the  Titan  I 
launcher  system  (supplemental  contract). 
Work  to  be  done  at  Vandenberg  AFB. 

$1,115,185 — General  Dynamies  Corp.,  San  Diego, 
Calif.,  for  work  on  the  Atlas  missile  program. 

$1,109,714 — General  Dynamics  Corp.,  New  York 
City,  for  equipment,  spare  parts  and  test 
equipment  for  installation  and  checkout  of Atlas  missiles. 

$1,031,378— David  Clark  Co.,  Inc.,  Worcester, 
Mass.,  for  320  full-pressure  flying  suits  (sup- 

plemental contract). 

$1,000,000— Massachusetts  Institute  of  Technology. 
Cambridge,  Mass.,  for  research  and  develop- ment on  the  Titan  II  inertial  guidance  sys- 

tem  (supplemental  contract). 
$1.000.000— General  Dynamics  Corp.,  San  Diego. 

Calif.,  for  work  on  the  Atlas  missile  program. 
$450,000— Alco  Products,  Inc.,  Chicago,  for 

manufacture  of  heavy-duty  springs  and  spring 
assemblies  to  be  installed  in  Minuteman  mis- 

sile sites. 

$96,066 — Electro-Optical  Systems,  Inc.,  for  de- 
velopment of  a  high-intensity  light  pump  for 

lasers  for  Navigation  and  Guidance  Labora- 
tory,  Wright-Patterson  AFB,  Ohio. 

M  TRAINING  FACILITY,  designated  ^, 
21A37/1,  faithfully  reproduces  cruising  depth,  position,!  f  1 
surface  weather,  wave  conditions,  distance  and  direction^-,  i 
to  the  target.  A  variety  of  malfunctions  for  training  can  I  i^SSH' 
be  introduced  via  pre-punched  cards.  The  magnetic/   i  '1 
drums  of  the  simulator  store  2.5  million  bits  of  data  ,  ]  'L—i 
relating  to  the  actual  equipment  installed  in  the  .         •  v 
submarine,  the  missile  control  center,  and  the  missile 
tube  area.  Instructions  can  be  flashed  at  the  staggering 
rate  of  18-million  per  minute. 

.fcf 



ARMY 
533,236,680 — Martin  Co.,  Orlando,  Fla.,  for  in- dustrial engineering  services  on  the  Pershing 

missile  (from  Oct.  1,  1962  through  Sept.  30, 1963). 

S9, 761, 439 — Douglas  Aircraft  Co.,  Charlotte,  N.C., for  airframes  for  Nike-Hercules  missiles. 

$9,503,303— Hercules  Powder  Co.,  Wilmington, 
Del.,  for  rocket  motors  and  components. 

S6. 001, 575 — Aerojet-General  Corp.,  for  work  on 
the  Saturn  space  program.  Work  to  be  done 
at  Huntsville,  Ala. 

S3,696,950— Western  Electric  Co.,  New  York 
City,  for  work  on  the  Nike  guided  missile 
systems. 

Hazeltine  Corp.,  Little  Neck,  N.Y.,  for  bright 
radar  displays  for  the  Nike-Hercules  system. 
Work  to  be  done  at  Indianapolis,  Ind.  (un- 

disclosed amount). 

NAVY 

53,550,000 — Lockheed  Aircraft  Corp.,  Sunnyvale, 
Calif.,  for  Polaris  missile  components. 

53,530,000 — National  Distillers  &  Chemical  Corp., 
Bridgeport,   Conn.,   for  rocket  motor  parts. 

S3,482,595 — Norris-Thermador  Corp.,  Los  Angeles, for  rocket  motor  pans. 

S2,301,903 — General  Instrument  Corp.'s  Radio 
Receptor  Div.,  Hicksville,  N.Y.,  for  the  man- 

ufacture   of   classified   electronic  equipment. 

NASA 

$1.550.000— United  Aircraft  Corp.'s  Hamilton Standard  Div.,  Windsor  Locks,  Conn.,  for 
development  of  a  space  suit  for  the  Apollo 
moon  flight. 

$636,052 — Dynalectron   Corp.   of  Land-Air,  Inc.. 
Washington,  D.  C,  for  operation  and  main- 

tenance of  automated  satellite  telemetry  data- 
processing  equiment. 

Emerson  Electric  Co.'s  Electronics  and  Avionics 
Div.,  St.  Louis,  Mo.,  for  evaluation  of 
Therm o-Lag  heat  blocking  compounds  for  re- 

entry heat  protection  of  advanced  manned 
spacecraft    (undisclosed  amount). 

International  Business  Machines  Corp.,  Rock- 
ville,  Md.,  for  ground-based  computer  sys- 

tems for  use  in  future  manned  space  flights 
(undisclosed  amount). 

INDUSTRY 
S6,404,376 — Cessna  Aircraft  Corp.,  Wichita,  Kan., from  McDonnell  Aircraft  Corp.,  for  tooling 

and  production  of  wing  tank  pylons,  bomb 
racks,  missile  racks  and  missile  pylons. 

51,328,412— Collins  Radio  Co.,  Dallas,  Texas, from  McDonnell  Aircraft  Corp.,  for  horizontal 
situation  indicators. 

5300.000— Food  Machinery  Corp.,  San  Jose, Calif.,  from  Boeing  Co.,  for  assembly  and 
test  of  support  systems  for  Minuteman  missiles. 

REQUESTS  FOR  BIDS 
GENERAL  PROCUREMENTS 

Purchasing  and  Contracting  Officer 
U.  S.  Army  Missile  Support  Agency 
U.  S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
Following  items  are  procured  under  RFQ 

AMCPM-PE-PM-6-63-PM.  RFQ  due  date  at  the 
respective  ordnance  districts  by  11-19-62.  Blanket, 
electrically  heated,  Pershing  guided  missile  body 
section:  (1)  G&C,  part  no.  10645198-19 — for  offi- 

cial use  only;  (2)  first  stage,  part  no.  10645196- 

10 — for  official  use  only.  Complete  technical  data 
package  may  be  examined  at  the  respective 
ordnance  districts — CO  U.  S.  Ordnance  District, 
Birmingham,  2120  Seventh  Ave.,  North,  Birming- 

ham, Ala.;  CO  Boston  Ordnance  District,  Boston 
Army  Base,  Boston  10,  Mass.;  CO  Chicago  Ord- nance District,  623  S.  Wabash  Ave.,  Chicago  5, 
111.;  CO  Cincinnati  Ordnance  District,  230  E. 
Ninth  St.,  Cincinnati  2,  Ohio;  Cleveland  Ord- 

nance District,  1367  Sixth  St.,  Cleveland  14, 
Ohio;  CO  Detroit  Ordnance  District,  1580  E. 
Grand  Boulevard,  Detroit  31.  Mich.;  CO  Los 
Angeles  Ordnance  District.  55  S.  Grand  Ave., 
Pasadena  2,  Calif.;  CO  New  York  Ordnance 
District,  770  Broadway,  New  York  3,  N.Y.; 
Philadelphia  Ordnance  District,  128  N.  Broad 
St.,  Philadelphia  2,  Pa.;  CO  St.  Louis  Ordnance 
District.  4300  GoodfeUow  Blvd..  St.  Louis  22, 
Mo.;  CO  San  Francisco  Ordnance  District,  1515 
Clay   St.,   P.O.   Box   1839,   Oakland   12,  Calif. 

U.  S.  Army  Missile  Command 
Procurement  and  Production 
Special  Contracts  Branch Redstone  Arsenal,  Ala. 
Attn:  AMSMI-IXDB 
Selected  source  procurement  for  services  and 

supplies  in  connection  with  Phase  II  of  ARPAT 
measurements  radar  installation  and  tests  at 
White  Sands  Missile  Range.  N.M.,  with  Raytheon 
Co.,  Bedford,  Mass.  (Missile  &  Space  Div.). 
This  requirement  is  synopsized  only  for  the  pur- 

pose of  affording  subcontractor  opportunities 
through  direct  inquiry  to  the  prime  contractor. 

Office  of  Procurement  and  Contracts 
George  C.  Marshall 

Space  Flight  Center,  NASA Huntsville,  Ala. 

Automatic  capacitor,  resistor  and  diode  testing 
with  component  handling  and  packaging  capa- 

bility. Complete  specs  included  with  bid  set — 
1  item.  RFP-SP-3-862072.  RFP  due  date  11-12-62. 

PROJECT  IN  POINT: 

This  Polaris  launch  crew 

thinks  it  is  40  fathoms  deep! 

Simulation  reflects  the  ultimate  in  the  application  of 
science  and  technology.  It  is  the  electronic  bridge  from 
.research  to  reality.  At  Curtiss-Wright,  electronic  sim- 

ulation systems  orient  men  and  machines  to  missions 
for  many  military  and  industrial  programs. 

Project  in  Point:  Today  at  the  Navy's  New  London 
submarine  school,  Polaris  launch  crews  are  being 

:  trained  by  the  largest,  most  complex,  fully-digital  simu- 
Jator  in  use  for  any  training  application.  Designed  and 
{ manufactured  by  Curtiss-Wright,  the  simulator  not  only 
: trains  new  crews  but  polishes  the  skill  of  Polaris  vet- 

erans as  well.  Short  of  operational  experience  at  sea, 
no  other  training  method  is  as  practical. 
These  and  additional  advanced  activities  in  related 

fields  have  created  immediate  opportunities  at  Curtiss- 
Wright  Electronics  Division  for  solid  state  circuit 
designers,  digital  computer  programmers  and  others 
experienced  in  the  application  of  real-time  digital 
computation  to  challenging  simulation  problems. 

For  information,  write  Mr.  Gene  L.  Kelly,  Manager  of 
Professional  Placement,  Electronics  Division.  An  equal 
opportunity  employer. 

ELECTRONICS  DIVISION 

C  URTI  SS -  WRIGHT    C  0  R  P  OR  AT  10  N 



Coating  problems  on 
launcher  arms,  launchers, 

flame  deflectors,  flame  buckets 

Specialized  coating  problems? 
The  Rust-Oleum  Corporation 
specializes  in  the  research,  de- 

velopment, and  manufacture  of 
coatings  for  particular  problems 
in  the  missile  and  aircraft  in- 

dustry. Skilled  Rust-Oleum  spe- 
cialists and  technical  service 

personnel  are  available  to  work 
hand-in-hand  with  you  and  your 
organization.  May  we  hear 
from  you? 

RUST-OLEUM  CORPORATION 
2681  Oaklon  St.      •      Evonston,  III. 

Forty  years of  Industry 
proof. 

Distinctive 
as  your  own 
fingerprint 

RUST-OLEUM 

products  and  processes 

New  Product  of  the  Week: 

Modular  air  conditioner  Model  135, 
available  from  Advanced  Structures 
Div.,  Telecomputing  Corp.,  dehumidi- 
fies,  refrigerates  or  heats  with  ambient 
conditions  from  21  °F  to  100°F.  Two 
or  more  trailer-mounted  units,  inter- 

connected with  flexible  ductwork  in 
series-parallel  arrangements,  provide  a 
wide  range  of  air-conditioning  capaci- 

ties. Separate  heating  and  cooling  mod- 
ules within  a  single  trailer  unit  facilitate 

replacement  of  a  malfunctioning  unit 

Pre-Flight  Conditioner 

and  permit  use  of  heating  and  cooling 
modules  in  other  applications.  Cooling 
capacity  is  to  162,000  Btu/hr;  heating, 
to  96,200.  Outlet  air  temperature  ranges 
from  0°  to  85°F;  inlet,  from  21°F  to 
100°F.  Air-flow  rate  is  50  to  150  lb/ 
min;  air  pressure  at  outlet,  Y«,  psig. 
Power  requirements  are  440  volts,  3 
phase,  60  cycles,  150  amperes;  for  re- 

mote controls,  requirements  are  28 
volts  dc,  50  watts. 

Circle  No.  225  on  Subscriber  Service  Card 

Data  Acquisition  Aid 

Featuring  0.1%  stability  and  line- 
arity, an  all  solid-state  frequency-to- 

voltage  converter  designed  for  high- 
accuracy  multi-channel  data  acquisi- 

tion is  being  marketed  by  Vidar  Corp. 
Ten  standard  full-scale  frequencies 

are  available,  ranging  from  500  cps 
to  100  kc.  A  floating-input  circuit  de- 

sign assures  high  immunity  to  common- 
mode  signals.  High  output  level  (10 
volts)  of  Vidar  321  converters  allows 
direct  use  with  magnetic  recorders, 
digitizers,  computers,  oscilloscope  mon- 

itors and  other  data-processing  and 
control  equipment.  Output  impedance 
of  less  than  1  ohm  preserves  conver- sion accuracy. 

Circle  No.  226  on  Subscriber  Service  Card 

Transfer  Standard 

Voltron  Products,  Inc.  offers  its 
Model  12.583,  Voltron-Galman  aver- 

age value  transfer  standard  employing 
an  exclusive  voltron  circuit  develop- 

ment. In  it,  a  broadband  operational 
amplifier  is  interconnected  with  a  diode 

54 Circle  No.  21  on  Subscriber  Service  Cord 

bridge  to  provide  a  dc  output  exactly 
proportional  to  the  true  full-wave  rec- 

tified average  of  the  input  waveform, 
regardless  of  harmonic  distortion  or 
diode  non-linearities,  over  a  wide  audio- 

frequency range. 
In  the  Model  12.583,  the  circuit 

is  combined  with  an  oscillator,  a 
toroidal  divider,  a  saturated  standard 
cell,  and  a  galvanometer  for  null- 
balance,  to  provide  0-300  volts  in  10 
mv  steps  at  any  one  or  more  fre- 

quencies between  50  and  3000  cps, 
to  an  absolute  accuracy  of  ±  0.01% 
±  1  mv.  Output  impedance  is  less  than 
one  ohm.  The  unit  is  completely  self- 
contained  and  requires  no  auxiliary 
instrumentation. 

Circle  No.  227  on  Subscriber  Service  Card 

Cryogenic  Valve 
A  cryogenic  ball  valve  for  handling 

liquid  oxygen  is  available  from  Flodyne 
Controls,  Inc.  in  a  remotely  controlled 
type  with  fail  safe  characteristics. 

This  valve  is  designed  for  applica- 
tions requiring  the  control  of  flow  in 

liquid  oxygen  systems  with  a  fail  safe 
missiles  and  rockets,  October  29,  1962 



Six  reasons  why  servo  designers 

specify  INLAND  D  C  TAGH  GENERATORS 

for  both  rate  and  position  control  systems 

There  are  more  than  6  reasons!  In  fact,  you'll  find 12  pages  of  them  in  our  new  Bulletin  201,  just  off  the 
press.  Your  copy  is  waiting  for  your  name  and  address. 
Meanwhile,  let's  look  at  6  of  the  reasons  why  designers 
prefer  Inland  Pancake  D-C  Tachometer  Generators. 

1.  High  resolution!  Feedback  from  a  direct-driven 
tach  generator  assures  optimum  system  stability 
because  it  eliminates  gear  backlash  and  friction. 

2.  Rapid  response!  Time  constants  of  less  than  .001 
second  are  possible  even  when  tach  output  is  filtered. 

3.  Low  ripple  voltage  is  inherent  in  Inland  Tach  Gen- 
erator design.  A  special  unit  has  even  been  made  with 

ripple  voltage  as  low  as  0.1%  at  a  basic  frequency  of 
297  times  rotor  speed. 

High  sensitivity!  Inland  Tach  Generators  are  now 
serving  as  rate  references  for  rates  as  slow  as  one 
revolution  per  year. 

5.  Pancake  configuration!  Models  with  axial  thick- 
ness ranging  from  0.500"  to  3.5"  in  OD's  from  1.937" 

to  12.75"  and  weights  from  0.32  to  40  pounds  over- 
come stringent  weight  and  space  limitations.  This 

compact  design,  common  to  both  Inland  Tach  Gen- 
erators and  Torquers,  allows  their  integration  as 

space-saving  Tach-Torquer  units  for  servo  loops. 
6.  Long  operational  life!  Like  their  torque  motor 

counterparts,  Inland  Tach  Generators  deliver  up  to 
10,000,000  revolutions  with  low-noise  wire  brushes 
.  .  .  more  than  100,000,000  with  silver  graphite 
brushes. 

Get  all  the  facts  about  Inland  Pancake  D-C  Tachom- 
eter Generators.  Write  for  Bulletin  201  today. 

-  .  - 

INLAND  MOTOR 

CORPORATION 
A  SUBSIDIARY  OF 

KOLLMORGEN  CORP. 
NORTHAMPTON.  MASS. 
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characteristic  to  either  close  or  open  the 
valve  with  loss  of  control  pressure. 

Major  features  are  exceptional  seal- 
ing tightness  in  large  size  valves  com- 

bined with  the  lowest  of  operating 
torques.  Operating  mechanisms  are  iso- 
alted  from  low-temperature  fluids  and 
valve  is  self-venting  internally  by  rea- 

son of  a  unique  sealing  feature. 
Circle  No.  228  on  Subscriber  Service  Card 

Microminiature  Connector 

A  series  of  microminiature  RF  co- 
axial connectors  has  been  developed 

by  Tamar  Electronics  Industries,  Inc., 
featuring  captive  contacts,  crimp  type 
contacts,  contact  with  closed  entry, 
three-piece  construction,  and  assembly 
time  of  45  seconds  after  wire  stripping. 

They  accept  microminiature  RG 
cables  from  50  to  95  ohms.  Their  con- 

tact resistance  is  0.5  milliohms  maxi- 

mum; minimum  cable  pull-out  force  is 
15  lbs.,  temperature  range  — 100°F 
to  450°F.  Designed  for  high  perform- 

ance and  durability,  ease  of  assembly, 
and  crimped  terminations,  it  meets  MIL 
specs  on  shock  and  vibration  resistance, 
has  universal  interchangeability,  and 
excellent  electrical  characteristics. 

Circle  No.  229  on  Subscriber  Service  Card 

Patching  Center 

The  Diamond  Repeater  Co.  offers 
a  patching  center  for  digital  and  control 
circuits.  The  unit  is  designed  for  30 
duplex  trunk  channels  and  up  to  60 
tie  lines.  The  basic  coupler  is  the  DRC 
Model  6172  repeater  set,  which  can  be 
adapted  for  the  required  mode  of  oper- 

ation by  using  the  appropriate  coupling 
pad  based  on  a  40-pin  plug. 

Switching  impulses  are  provided  for 
telex  operation  and  local  lines  may  be 
operated  either  neutral  or  polar,  full 
or  half  duplex,  powered  from  48,  60, 
80,  120  or  130-volt  power  supplies 
located  at  either  end  of  the  line.  Cur- 

rent levels  may  be  either  2,  20,  or  60 
milliamperes. 

The  rack  contains  an  integral  test 
panel,  series  jacks,  current  adjusting 
rheostats,  a  bank  of  current-limiting 
resistors  and  protecting  fuses.  All  equip- 

ment is  designed  to  meet  requirements 

of  data  and  telegraph  centers  set  up  in 
accordance  with  telephone,  telegraph 
or  CCITT  practices. 

Circle  No.  230  on  Subscriber  Service  Cord 

Sound  Spectrometer 
The  IAC  sound  spectrometer,  a 

compact  sound-level  meter  and  octave- 
band  analyzer,  has  been  developed  by 

Industrial  Acoustics  Co.,  Inc.  Requir- 
ing a  low-frequency  cutoff  at  45  cps, 

the  spectrometer  was  originally  designed 
with  conventional  octave  bands,  the 
first  octave  having  a  sharp  cutoff  at 37.5  cps. 

The  unit  is  available  in  two  models, 
SS-375  having  the  conventional  octave 
band  scale  beginning  at  37.5  cps  and 
SS-450  with  the  ASA  scale  starting 
at  45  cps. 

Circle  No.  231  on  Subscriber  Service  Cord 

What  is 

EXMET? 

EX  MET  is  fine 

expanded  metal! 
Long  time  users  of  fine  expanded 
metal  who  are  familiar  with 
EXMET'S  know-how  and  capabili- ties, frequently  refer  to  fine  expanded  metal  as 

just  "EXMET." A  material  ideal  for  use  as  grids  (battery, 
tube,  lamp  and  other),  shielding,  special  filtra- 

tion, strainers  and  other  open  area  applications. 
Available  in  many  forms  and  in  all  ductile  metals. 

Write  today— literature/samples  for  your  requirements 

127  Marbledale  Rd., 
Tuckahoe,  N.  Y. 

A 

■ 

f 

.  OFFICE  SPACE 

JUST  A  STEP 

AWAY... 

|"rtrf- 

|tt?f 

r-frf 

fl  #TfT  Tt m m 

56 Circle  No.  22  on  Subscriber  Service  Card 

ACROSS  THE  STREET  FROM   NASA —  HOUSTON 
Permanent  facilities  are  available  adjoining  the 
new  Manned  Spacecraft  Center  in  Houston.  The 
buildings  are  designed  to  accommodate  labora- 

tory, engineering,  clerical  and  administrative 
functions  with  sufficient  room  for  expansion. 
They  are  part  of  a  planned  community  of 
homes,  apartments,  shopping  and  recreation 
facilities.  Write  for  full  information. 

NASSAU  BAY 
Downtown  Office:  327  Houston  Bank  &  Trust  Bldg.,  Houston,  Texas 
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QUICKLY... 

THINK 

OF  A  PRODUCT 

Slide  rules  . . .  Transits  . . .  Tracing 
paper?  Correct. . . but  to  round  out 
the  picture,  please  enter  K&E  in 
your  file  for  these  highly  advanced 
space-age  instruments . . . 

Space  and  Missiles 

Systems 
Solar  and  Star  Simulators 

Cine  and  Special  Theodolites 
Antenna  Contour  Checking Instruments 

Contour  Probing  Instruments 
Polaris  Guidance  and 

Fire  Control  Instruments 
Collimation  Test  Instruments 

Deviators 

Borescopes— Electronic  and  Visual 

R&D  and 

Laboratory  Instruments 
Auto-Coll  imators— 

Electronic  and  Visual 
Electronic  Levels 

Gravity  Reference  Instrument 
Jig  Theodolite 

Angle  Index  Tables 
and  Readout  Devices 

Gratings 

Targets  and  Special  Scales 

Instruments  for 

Manufacturing,  Inspection, 
Quality  Control 

A  complete  line  of  alignment 
instruments  and  accessories 

Want  specific  product  information? 
Write  K&E  today. 

Our  O&M  Division  can 
assist  you  with  R&D. 

KEUFFEL  &  ESSER  CO. 
HOBOKEN.  NEW  JERSEY 

Circle  No.  24  on  Subscriber  Service  Card 

names  in  the  news- 

Lowell  P.  Mickelwait:  Vice  president, 
industrial  and  public  relations  of  the 
Boeing  Co.,  Seattle,  elected  to  board  of 
directors.  Robert  W.  Tharrington  named 
vice  president-assistant  general  manager 
of  the  Aero-Space  Div.  George  H.  Stoner 
named  vice  president-manager  of  the 
Saturn  booster  branch  of  the  Aero-Space 
Div.  T.  A.  Wilson  named  vice  president- 
manager  of  the  Minuteman  branch  of  the 
Aero-Space  Div.  and  George  Snyder 
named  vice  president-manager  of  the  X-20 
(Dyna-Soar)  branch  of  the  Aero-Space  Div. 

Walter  R.  Chapman:  Appointed  man- 
ager of  the  Product  Research  and  Devel- 

opment Div.,  Lord  Manufacturing  Co., 
Erie,  Pa. 

James  G.  Gaume:  Named  to  head  the 
Life  Sciences  Program  at  the  Northrop 
Corp.'s  Space  Laboratories,  Hawthorne, 
Calif. 

Sam  X.  Garcia:  Elected  vice  president 
of  manufacturing,  Hydraulic  Research  and 
Manufacturing  Co.,  Burbank,  Calif. 

Don  S.  Randall:  Appointed  assistant 
to  the  president  of  Antenna  Systems,  Inc., 
Hingham,  Mass. 

David  Karr:  President  of  Fairbanks 
Whitney  Corp.,  New  York  City,  elected 
chairman  of  the  board.  George  A.  Strich- 
man  elected  president  and  chief  executive 
officer. 

Leonard  F.  Verdery:  Named  vice  pres- 
ident of  engineering  at  Ortronix,  Inc., 

Orlando,  Fla.,  succeeding  Richard  S. 
Bowers  who  was  promoted  to  executive 
vice  president. 

Thaddeus  L.  Dmochowski:  Promoted 
to  executive  vice  president  of  the  LTT  In- 

formation Systems  Div.,  New  York  City. 

David  C.  Langworthy:  Elected  presi- 
dent of  Magnetic  Metals  Co.,  Camden, 

N.  J. 

Philip  G.  Caldwell:  Named  manager 
of  Thompson  Ramo  Wooldridge,  Inc.'s Space  Technology  Laboratories  Northeast 
District  Office,  Boston. 

Donald  H.  Clague:  Appointed  manager 
of  material  for  the  Western  Development 
Laboratories  of  Philco  Corp.,  Palo  Alto, 
Calif. 

Richard  A.  Arnett:  Appointed  manager 
of  the  geosciences  department  of  the 
Science  Services  Div.,  Texas  Instruments, 
Inc.,  Dallas. 

Harry  A.  Lucas:  Appointed  manager  of 
the  Systems  Marketing  Div.,  Drexel  Dyna- 

mics Corp.,  Horsham,  Pa.  H.  W.  Ander- 
son appointed  manager  of  the  Product 

Marketing  Div. 

Airborne  DC 

Amplifier 

Small,  solid  state,  direct-coupled 
DC  amplifier  weighs  only  six  ounces. 
Less  than  five  cubic  inches  in  vol- 

ume, this  rugged,  hermetically 
sealed  instrument  is  available  with 

solder,  plug-in,  coax  or  combination 
header  arrangements  and  a  variety 
of  mountings.  DC  gain  is  200  to  1000 
±0.75%.  Input  capability  is  5  milli- 

volts differential  at  maximum  gain; 

output  capability  is  ±5  volts  into 
not  less  than  20K  (single-ended). 

Circle  No.  25  on  Subscriber  Service  Card 

Force  Measuring 

Transducers 

These  rugged,  ring-configuration 
load  cells  measure  both  tension  and 
compression  loads  at  high  temperatures 
over  a  full  scale  range  of  100  to  100,000 
lbs.  They  can  withstand  considerable 
overload  without  destroying  calibration 
and  have  been  successfully  used  in 
radiation  environments.  Sensing  is  per- 

formed by  resistance-type,  high  tem- 
perature welded  strain  gages  in  bridge 

configuration  within  a  ring.  Total  all- 
cause  error  is  within  ±1%  over  a 

temperature  range  of  — 300°F  to 
+750°F.  Units  can  be  provided  sealed. 

Circle  No.  26  on  Subscriber  Service  Card 

MICRODOT  IXC. 

220  Pasadena  Ave. 
South  Pasadena,  Calif. 
Overseas:  MICRODOT  AC,  Zug,  Switz 
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november  26  MISSILES  k  ROCKETS  SECOND  ANNUAL  NASA  ISSUE 

During  the  months  following  November,  the  National  Aeronautics  and  Space  Administration  will 

make  final  procurement  and  development  decisions  on  many  major  programs:  Aeros/ Advanced 

Relay/Nova  Super  Booster/ Advanced  Syncom/ Lunar  Logistics  Supply  Vehicle/Lunar  Exploration 

Module  for  the  Apollo  Spacecraft.  Each  program  means  millions  of  dollars  to  be  spent  in  the  missile/ 

space  industry. 

M/R's  editorial  task  force  will  visit  NASA  headquarters  and  each  field  center  to  gather  in-depth 

information  on  the  space  agency's  present  and  future  programs /budget  breakdowns  and  projections/ 
future  contracting  procedures / development  and  launch  schedules / new  technical  requirements / prime 

and  sub-contracting  opportunities. 

Advertisers  in  this  issue  will  benefit  from  systems-oriented  editorial  coverage  of  cdl  NASA's  program 
and  project  developments  .  .  .  4.0,106  current  paid  circulation  .  .  .  1000  bonus  circulation  to  key 

NASA  personnel  .  .  .  readership  by  the  NASA  executives  making  the  procurement  decisions. 

Buy  proven  performance.  NASA  purchased  60,000  reprints  of  M/R's  highly 
successful  first  NASA  issue,  published  in  November,  1961 

Final  advertising  closing  date:  november  12,  1962 

issue  date:  november  26,  1962 
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.  SCAN  CONVERSION 

.  FLICKERLESS 

DISPLAY  STORE 

•  VIDEO  STORAGE 

RECORDING  STORAGE  TUBE  SYSTEMS 

Single-gun,  dual-gun,  multi-tube 
systems  to  convert  scan  for  radar, 
sonar,  television,  and  to  perform 
analog  processing,  data  analysis, 
contract  or  expand  time  scale, 
auto  correlation. 

.  SLOWED  TELEVISION 

TRANSMISSION 
by  telephone  line  or  other  narrow- band systems. 

.  IMAGE  ENGINEERING 
OPTICAL  CHART  READERS,  FLY- 

ING SPOT  SCANNERS,  LOW-LIGHT- LEVEL  CAMERAS,  and  IMAGE 
RECTIFICATION.  Automatic  inspec- 

tion and  recognition  of  size,  shape, 
color,  and  texture. 

Write  or  call  for 
complete  information: 

INSTRUMENTS.  Inc. 

2300  Washington  Street 
Newton  62,  Massachusetts 
617    WOodward  9-8440  _. 

Circle  No.  13  on  Subscriber  Service  Card 

ENGINEERS 
OPPORTUNITIES  TO  GROW 

WITH  RAPIDLY  EXPANDING 
COMPANY 

Experience  Desirable  In 
Design  &  Development  of: 
ROCKET  MOTORS 
GAS  GENERATORS 

HYDRAULIC  ACTUATORS 
PNEUMATIC  ACTUATORS 

BALLISTIC  DEVICES 
GAS  TURBINES 

Others  With  Experience  In: 
STRESS  ANALYSIS 
AERODYNAMICS 

PROPELLANT  TESTING 
Desirable  Living  In 

Expanding  Phoenix  Area 
Interesting  Employment 

Opportunities  With 

TALLEY  INDUSTRIES 
MESA,  ARIZONA 

Send  Resume  or  Call: 

Talley  Industries 
3402  W.  Century  Blvd. 
Inglewood,  California 

OR  8-7785 
an  equal  opportunity  employer 

—when  and  where— 

OCTOBER 

Fourth  Annual  Western  Technical  Con- 
ference, American  Institute  of  Elec- 

trical Engineers,  Biltmore  Hotel,  Los 
Angeles,  Oct.  29. 

The  World  Metal  Show  and  National 
Metal  Conference,  New  York  Coli- 

seum, New  York  City,  Oct.  29-Nov.  2. 
Meeting  on  Large  Rockets,  IAS,  El 

Dorado  Inn,  Sacramento,  Calif.,  Oct. 
29-30. 

American   Society    of   Safety  Engineers 
First  Technical  Conference,  Morrison 
Hotel,  Chicago,  Oct.  29. 

Twelfth  Aerospace  Fluid  Power  Confer- 
ence, sponsored  by  Aerospace  Div.  of 

Vickers,   Inc.,   a   division   of  Sperry 
Rand  Corp.,  Pick-Ft.  Shelby  Hotel, 
Detroit,  Oct.  29-30. 

Symposium  on  Dynamics  of  Manned  Lift- 
ing   Planetary    Entry,    sponsored  by 

General   Electric    Co.    and  AFOSR, 
Philadelphia,  Oct.  29-31. 

Combined  National  Fuel  &  Lubricants, 
Powerplant   &   Transportation  Meet- 

ings, Bellevue  Stratford  Hotel,  Phila- 
delphia, Oct.  29-Nov.  2. 

58th  Meeting  National  Aerospace  Stand- 
ards Committee,  Aerospace  Industries 

Association,    Ko    Ko    Motel,  Cocoa 
Beach,  Fla.,  Oct.  29-Nov.  1. 

National  Conference  on  Spaceborne  Com- 
puter  Engineering,    IRE,  Disneyland 

Hotel,  Anaheim,  Calif.,  Oct.  30-31. 
Ninth    Annual    Symposium,  American 

Vacuum  Society,  Statler  Hilton  Hotel, 
Los  Angeles,  Oct.  31-Nov.  3. 

NOVEMBER 

Sixth  National  Conference,  Product  Engi- 
neering and  Production,  IRE,  Jack  Tar 

Hotel,  San  Francisco,  Nov.  1-2. 
Chemtronics  Conference,  American  So- 

ciety for  Quality  Control,  Statler 
Hilton  Hotel,  Los  Angeles,  Nov.  1-2. 

Annual  Southeastern  Regional  Meeting  of 
American  Chemical  Society,  Gatlin- 
burg,  Tenn.,  Nov.  1-3. 

Advanced  Technology  Symposium,  Ameri- 
can Society  of  Mechanical  Engineers, 

University  of  New  Mexico,  Albuquer- 
que, N.  M.,  Nov.  2-3. 

Protection  Against  Radiation  Hazards  in 
Space  Symposium,  sponsored  by  the 
Oakridge  National  Laboratory  and 
NASA,  Gatlinburg,  Tenn.,  Nov.  2-7. 

Fourteenth  Annual  Conference  on  Engi- 
neering in  Biology  and  Medicine,  spon- 

sored by  IRE,  AIEE  and  ISA,  Conrad 
Hilton  Hotel,  Chicago,  Nov.  4-7. 

Northeast  Electronics  Research  and  Engi- 
neering Meeting,  IRE,  Commonwealth 

Armory  &  Somerset  Hotel,  Boston, 
Nov.  5-7. 

Symposium  on  Lasers  and  Applications, 
Antenna  Laboratory,  Dept.  of  Elec- 

trical Engineering,  Ohio  State  Univer- 
sity, Columbus,  Ohio,  Nov.  7-8. 

Aero  Dynamicists 
Los  Angeles  &  Washington,  D.  C. 

I 

Rapidly  expanding  Atlantic  Research  Cor- poration has  two  excellent  and  well 
remunerated  career  positions  available immediately. 

The  position  in  Los  Angeles  requires  thor- 
ough familiarity  with  subsonic  and  super- 
sonic aerodynamics  as  applied  to  multi- stage rocket  vehicles.  Knowledge  of 

hypersonics  and  aerodynamics  as  applied 
to  re-entry  and  analog  and  digital  com- 

puter techniques  is  also  desirable.  Must be  able  to  direct  other  engineers.  BS  or 
advanced  degree. 

The  position  in  Washington,  D.  C.  re- 
quires an  engineer  with  BS  or  MS  in mechanical  or  aeronautical  engineering 

and  a  thorough  understanding  of  aero- 
dynamics through  entire  speed  regions. 

Will  work  in  gas  dynamics  and  fluid  me- 
chanics on  problems  relating  to  poly- 

phase flows,  external  ballistics,  stability 
and  aerodynamic  loading  of  high  altitude 
sounding  rockets.  Activities  include  ana- lytical and  experimental  evaluation  of 
rocket  configurations  used  in  a  wide 
variety    of    upper    atmosphere  research 

Send  resume  to:  Director.  Professional  Employment 

Atlantic  Research 

V 
 A 

v 

CORPORATION 330  East-Live  Oak 
Arcadia,  Calif. 
An  equal  opportunity  employer 

Circle  No.  28  on  Subscriber  Service  Card 
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INITIATE  AND  j 

PROGRAM 

NATIONAL 

1     SPACE  EFFORT  1 

=    Headquarters   major   governmental   agency   in  — —  Washington  seeks  technical  administrators:  =z 
=    •  INTEGRATION — ASST.   DIRECTOR  = 
=       Complete  knowledge  of  space  vehicle  systems  = =       integration  and  checkout  eauipment  ^ 
=    •  METEOROLOGICAL  SYSTEMS =        ENGINEERING — CHIEF  = 
=       Knowledge  of  electrical,  mechanical,  sensory,  = 
^       and  propulsion  components  — 
S    •  APPLICATIONS  DEPUTY   DIRECTOR  ^ 
=       Communication  and  meteorological  satellites  = 
=       and  to  apply  aerospace  developments  to  in-  = —  dustry  = 

j§    •  SYSTEMS  CHECKOUT — CHIEF  = =       Complete  knowledge   of   space   vehicle   sys-  = =       terns  checkout  equipment  — 
=    •  PROGRAM  SUPPORT   AND   ADVANCE  = =  SYSTEMS — DIRECTOR  = 
=       Complete  knowledge   of   tracking  and   data  = =       acquisition  support,  and  applicable  systems  = 
S    •  PROGRAM   SUPPORT — CHIEF  § 
=       Complete  knowledge  of  tracking  and   data  S —  acquisition  support  = 
=    All  candidates  must  have  complete  technical  jj= =    and  managerial  maturity.  ~ 
=    Send  qualifications  to:  S 

EXECUTIVE  SEARCH  DIVISION  | 
1         ERNEST  L.  LOEN  &  ASSOCIATES  | 

2330  West  Third  Street  = =                   Los  Angeles  57,  California  S 
Dunkirk  5-5356  ~ 

=               An  equal  opportunity  employer  S 

iimiiiiiiiiiiiiiiiniiiiiiuiiiiiiiHiiiiiiiiiiHiiiiiiiiiiiHuimiimffl Circle  No.  31  on  Subscriber  Service  Card 
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Eighth  Annual  Conference  on  Magnetism 
and  Magnetic  Materials,  IRE,  Penn- 
Sheraton     Hotel,     Pittsburgh.  Nov. 
12-  15. 

Retardation  and  Recovery  Symposium, 
sponsored  by  Aeronautical  Systems 
Div.'s  Flight  Accessories  Laboratory, 
Imperial  Motel,  Dayton,  Ohio,  Nov. 
13-  14. 

Seventeenth  Annual  Meeting  and  Space 
Flight  Exposition,  sponsored  by  ARS, 
Pan  Pacific  Auditorium,  Los  Angeles. 
Nov.  13-18. 

National  Symposium  on  Materials  Com- 

patibility and  Contamination  Control 
Processes,  Society  of  Aerospace  Mate- 

rial and  Process  Engineers,  Hollywood 
Roosevelt  Hotel,  Hollywood.  Calif., 
Nov.  13-15. 

Mid- America  Electronics  Conference,  IRE, 
Hotel  Continental,  Kansas  City,  Mo., 
Nov.  19-20. 

ASME  Winter  Annual  Meeting,  Statler 
Hilton  Hotel,  New  York  City,  Nov. 
25-30. 

Western  States  Section  Meeting,  The  Com- 
bustion Institute,  Aerojet-General 

Corp.,  Sacramento,  Calif.,  Nov.  26-27. 
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editorial . 

Responsibility  in  Crisis 

THE  AWESOME  THREAT  inherent  in  the  weap- 
ons which  this  industry  builds  was  never  clearer 

than  in  this  past  week.  To  live  with  the  knowledge 
that  the  moment  might  be  near  for  their  use  was 
to  live  with  a  deep  sense  of  depression. 

In  those  depths,  for  members  of  this  industry, 
a  fateful  question  was  posed:  How  well  would  the 
missiles  work? 

In  the  political  sense,  an  ICBM  has  failed  the 
moment  it  is  launched.  But  in  the  technical  sense,  its 
test  has  just  begun.  Words  such  as  reliability,  quality 
control  and  circular  error  probability  take  on  larger 
meaning  in  days  such  as  these. 

An  Atlas,  a  Hawk,  a  Bullpup  fired  in  anger  must 
respond  unfailingly.  Percentages  of  reliability  no 
longer  are  important.  Test  results  must  be  discarded. 
Nothing  less  than  100%  performance  is  acceptable. 

So  the  question  inevitably  arises:  Has  everyone 
at  Convair,  at  Raytheon,  at  Martin  done  everything 
possible  to  assure  this?  Has  the  designer  put  the 
extra  effort  into  assuring  the  necessary  reliability — 
or  was  the  lure  of  the  golf  course  too  strong  that 
day?  Has  the  welder  taken  the  extra  care  to  assure 
the  strength  of  his  seam — or  was  the  bowling  team 
beckoning? 

The  immediate  threat,  God  willing,  may  pass.  But 
the  knowledge  that  a  moment  came  near — all  too 
near — for  the  final  test  of  the  products  of  this  in- 

dustry must  impress  on  all  its  members  the  tre- 
mendous responsibility  they  bear. 

Nothing  less  than  full  effort  is  acceptable  to 
the  nation.  President  Kennedy  has  called  on  the 
American  people  to  face  up  to  the  sacrifices  which 
may  be  necessary.  For  most,  his  television  speech 
was  a  sudden  call  to  responsibility,  to  acceptance 
of  a  crisis  which  might  fade. 

For  this  industry,  the  responsibility  is  continuing, 
not  sudden.  There  can  be  no  sudden  decision  to  work 
harder,  no  quick-mend  of  a  system  that  is  less  than 
fully  reliable.  To  engage  in  the  designing,  develop- 

ment and  building  of  weapons  for  this  nation  is  to 
accept  the  responsibility  for  always,  not  sometimes, 
putting  forth  the  best  possible  effort. 

Anything  less  is  betrayal.  There  can  be  no  last- 
minute  resolutions  to  do  better — it  is  then  too  late. 

As  a  people,  the  Americans  are  growing  soft — 
softer  than  the  dedicated  citizens  of  the  Soviet  Union. 
The  members  of  this  industry — government,  labor 
and  management — cannot  afford  that  luxury.  They 
must,  if  necessary,  form  the  dedicated,  hard  core 
which  will  stand  fast  while  others  drift.  The  responsi- 

bility is  as  awesome  as  the  weapons  we  create. 
The  action  of  the  International  Association  of 

Machinists  in  taking  advantage  of  the  crisis  to  urge 
seizure  by  President  Kennedy  of  Lockheed  Aircraft 
Corp.  was  despicable.  We  are  not  anti-union  and 
never  will  be.  But  we  read  the  dispatch  reporting  this 
with  shame. 

We  are  equally  ashamed  of  the  price-fixing  ac- 
tivities of  executives  in  this  industry  which  cost  the 

government  heavily  in  defense  funds. 
We  are  equally  ashamed  of  the  use  by  the  Ad- 

ministration of  government  contracts  as  political 
plums.  The  Administration  must  live  by  the  same 
standards  it  demands  of  others. 

President  Kennedy,  in  his  establishment  of  a 
quarantine,  took  the  action  required  of  him  by  the 
Cuban  buildup  of  offensive  missiles.  His  decision 
should  receive  the  fullest  support.  So  should  any 
further  decisions  necessary  to  effect  the  removal  of 
these  missiles  from  this  hemisphere. 

IT  IS  IRONIC,  and  not  at  all  comforting,  that  the 
I  Cuban  situation  has  brought  the  case  for  the 
Nike-Zeus  antimissile  missile  again  into  prominence. 
Dept.  of  Defense  spokesmen  have  been  forced  to 
admit  that  the  U.  S.  has  no  defense  against  the 
missiles  deployed  in  Cuba. 

Proponents  of  the  Nike-Zeus  system  point  out 
that  the  conditions  under  which  optimum  perform- 

ance could  be  expected  of  Zeus  are  precisely  those 
of  the  Cuban  threat.  To  say  that  this  threat  is  a 
sudden  development  is  not  true.  More  than  two  years 
ago,  this  magazine  carried  a  full-page  story  warning 
of  a  possible  Cuban  missile  buildup.  Accompanied 
by  a  map  showing  the  North  and  Central  American 
cities  which  could  be  hit  by  Soviet  IRBM's  based  on 
the  island,  the  story  began:  "The  ominous  possibility 
that  Russia  will  provide  Cuba  with  missiles  is  haunt- 

ing U.  S.  strategists  this  week."  It  pointed  out  that 
the  Soviets  had  stockpiles  of  tactical  and  intermedi- 

ate-range ballistic  missiles  which  they  could  send 
to  Cuba  for  employment  at  fixed  bases  or  on  mobile 
platforms.  The  date  of  that  issue  was  July  18,  1960. 
The  warning  went  unheeded. 

There  was  no  go-ahead  for  Zeus.  Any  deployment 
of  the  system  remains  years  away.  Yet  Zeus  is  capa- 

ble of  intercept  of  missiles  such  as  those  based  in 
Cuba. 

We  do  not  contend  that  a  crash  program  for 
Nike-Zeus  is  now  desirable  with  the  appearance  of 
this  "new"  military  requirement  for  it.  But  we  hope 
that  those  who  demand  an  immediate  and  pressing 
requirement  before  going  ahead  with  military  space 
programs  will  learn  a  lesson  from  the  present 
perilous  situation. 

William  J.  Coughlin 
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HlighGS  is  hiring!  Numerous  opportunities  now  exist  in  a  variety  of 
advanced  projects  and  studies.  Examples  include:  The  SURVEYOR— which  will  soft 
land  an  instrumented  payload  on  the  moon,  SYNCOM— synchronous-orbit  communi- 

cations satellite,  VATE— automatic  test  equipment  for  ballistic  missiles,  anti-ballistic 
missile  defense  systems— boost-intercept,  mid-course  and  terminal,  and  many  others. 
Positions  are  open  at  all  levels  for  specialists  with  degrees  from  accredited  universities. 

ONTROLS  ENGINEERS.  Concerns  airborne 
Dmputers  and  other  controls  related  areas  for: 
lissiles  and  space  vehicles,  satellites,  radar 
acking,  control  circuitry,  control  systems, 
Jntrol  techniques,  transistorized  equalization 
stworks  and  control  servomechanisms. 
IRCUIT  DESIGNERS.  Involves  analysis  and 
I'nthesis  of  systems  for:  telemetering  and  corn- 
land  circuits  for  space  vehicles,  high  efficiency 
jjwer  supplies  for  airborne  and  space  electronic 
"stems,  space  command,  space  television,  guid- iice  and  control  systems,  and  many  others. 

INFRARED  SPECIALISTS.  To  perform  sys- 
tems analysis  and  preliminary  design  in  infrared 

activities  for  satellite  detection  and  identification, 
air-to-air  missiles  AICBM,  infrared  range  meas- 

urement, air-to-air  detection  search  sets,  optical 
systems,  detection  cryogenics  and  others. 
SYSTEMS  ANALYSTS.  To  consider  such 
basic  problems  as:  requirements  of  manned  space 
flight;  automatic  target  recognition  requirements 
for  unmanned  satellites  or  high  speed  strike  re- 

connaissance systems;  IR  systems  requirements 
for  ballistic  missile  defense. 

Please  airmail 
your  resume  to: 
Mr.  Robert  A.  Martin 
Head  of  Employment 
Hughes  Aerospace  Divisions 
11940  W.  Jefferson  Blvd. 
Culver  City  87, California 

AEROSPACE  DIVISIONS 
An  equal  opportunity  employer. 
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BEACON 

5500  ~J5oo~  5700  "Boo  Sfjw FREQUENCY  fMc) 

BLM-100  Magnetron 
5.4-5.9  Gc 
1  kW  Peak  Output 

REASON 

AC  MAGNETRONS  MAKE 

pcttcd    r-RAKin  RFflPOMQ 

Bomac's  C-band  magnetrons  are  ideal  for  beacon  use  in  the  1-25  kW  range  for  three  big  reasons:  they  maintain 
constant  input  impedance,  full  rated  power,  and  high  efficiency  throughout  their  entire  operating  range. 
These  extremely  rugged,  miniaturized  tubes  demonstrate  excellent  frequency  stability  under  severe  environmental 
conditions,  and  are  specially  designed  for  airborne  or  missile  beacon  applications.  Typical  performance  is  superior 
to  that  of  triode  oscillator  tubes  used  in  similar  applications  (see  curves  in  illustration).  Example:  a  100G  shock  will 
produce  a  frequency  shift  of  not  over  .025  per  cent;  vibration  of  20-2000  cps  at  15G's  will  result  in  a  frequency  shift 
of  not  over  .025  per  cent. 

Power  remains  constant  within  1  db  across  the  tuning  range,  and  the  antenna  may  be  shorted  during  flight  without 
damage  to  the  magnetron. 

Bomac  Laboratories  is  eager  to  work  with  your  engineering  staff  to  produce  microwave  tubes  suited  to  your  partic- 
ular electrical  or  physical  requirements.  Write  for  additional  information. 

Opera!  ni Frequency 
(Gc) 

Peak Output (kW) 
Pulse 

Duration 
(/<sec) 

Duty 

Cycle 

Peak 
Anode Voltage 
IkV) 

Peak Anode 
Current 

(A) 

Weight 
(oz.) 

Tube No. 

uT 1.0 0.0015 2.4-2.7 
1.7 

8.0 
BLM-100 

5.4-5.9 
1.0 1.00 0.0015 2.4-2.7 1.7 

8.5 
BLM-125 

5.4-5.9 
1.4 

'  0.70 

0.0007 3.0-3.2 
2.0 

8.5 BLM-110 
5.55-5.75 

25.0 0.75 0.001 10.0 
8.5 

56.0 
BLM-109 

BEVERLY    10,  MASSACHUSETTS 
A  Varian  Subsidiary 

Other  Subsidiaric 
LTD.  ■  SEMICON ■ian  Associates:  s-f-d  laboratories,  inc.- varian  associates  of  Canada, 

CIATES,  INC.  •  SEMICON  OF  CALIFORNIA,  INC.  •  VARIAN  A.  S.  (SWITZERLAND) 
Circle  No.  2  on  Subscriber  Service  Card 



S-IV  Saturn  Stage  Heads  for  Alabama 

JARPA  Pushes  Hybrid  Rocket  Research 

Future  of  ANNA  Remains  in  Doubt. . . 

Latest  Edition  of  M/R's  Astrolog  
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NEW  DESIGN 

PARAMETERS  FOR 

LOW-DENSITY  ROCKET 

MOTOR  SHIELDING... 

Johns-Manville  Thermomat®  383 
asbestos-phenolic  mat  materials 

These  physical  data  curves,  the  result  of 
extensive  laboratory  testing,  demonstrate  the 
advantages  of  molded  laminates  made  from 
J-M  Thermomat  383.  At  a  specific  gravity  of 
0.6,  as  indicated  on  the  curves,  Thermomat 
has  a  higher  flex  strength  and  modulus  of 
elasticity  than  materials  heretofore  available. 
Easy  draping  and  extreme  conformability 
permit  fast  layup  and  fabrication  of  intricate 
components.  The  material  is  easily  low-pressure 
vacuum  bag  molded.  It  may  be  adapted  to 
low-  or  high-pressure  laminating,  or  matched 
die  molding.  The  unique  construction  of 
J-M  Thermomat  allows  free  flow  of  fiber 
during  molding  operations,  reducing  non- 
fillouts  and  resin-rich  areas  to  the  minimum. 
Thermomat  383  combines  the  proven 
dependability  of  MIL-R-9299  phenolic  resin 
and  long-fiber  asbestos  with  the  high 
strength-to-weight  ratios  afforded  by  light- 

weight fillers.  Investigate  all  the  advanced 
design  parameters  of  Thermomat  for  rocket 
motor  shielding  and  other  high  temperature 
applications  .  .  .  phone,  wire  or  write 
U.  S.  Polymeric  Chemicals,  national 
distributors  of  J-M  Thermomat,  for  complete 
engineering  information. 
Post  Office  Box  2 187  Santa  Ana,  California 
TWX  714-546-2243 

Chemicals.  Inc. 

header  in  research,  development  and  supply 
of  reinforced  plastic  prepref;  materials 
for  aerospace  applications. 

1962  U.  S.  Polymeric  Chemicals,  Inc.  Thermomat 
is  a  registered  trademark  of  Johns-Manville. 

1         u         u  l. 

Circle No.  1  on  Subscriber  Service  Card 



NASA'S  "MOON  BUG" 
4-DAY  HOME  FOR  FIRST  LUNAR  EXPLORERS 
The  "moon  bug,"  more  formally  known  as  the  Lunar  Excursion 
Vehicle,  will  ferry  the  first  two  of  NASA's  lunar  visitors  from  an 
orbiting  Apollo  spacecraft  to  the  moon's  surface. 

For  as  long  as  four  days,  the  two  astronauts  will  explore  the  moon 
— one  of  man's  most  incredible  scientific  opportunities — using  the 
"moon  bug"  as  home  base.  Then  they  will  rendezvous  with  the 
mother  ship,  in  which  a  third  astronaut  will  have  been  circling 
the  moon.  They  will  re-enter  the  Apollo  command  module,  jettison 
the  "moon  bug"  and  head  for  Earth. 
It  will  happen  before  this  decade  is  over. 

This  venture  and  NASA's  many  other  advanced  projects  require 

scientists  and  engineers  with  the  highest  qualifications.  If  you 
are  interested  in  employment  with  NASA,  please  send  a  resume 
to  Personnel  Officer  of:  NASA  Headquarters  (BPH),  Washing- 

ton 25,  D.  C;  NASA  Goddard  Space  Flight.  Center,  Greenbelt, 
Md.;  NASA  Langley  Research  Center,  Hampton,  Va.;  NASA 
Lewis  Research  Center,  Cleveland,  Ohio; 
NASA  Marshall  Space  Flight  Center,  Hunts- 
ville,  Ala.;  NASA  Ames  Research  Center, 
Mountain  View,  Calif. ;  NASA  Flight  Research 
Center,  Edwards,  Calif.;  NASA  Manned  Space 
Craft  Center,  Houston,  Texas;  NASA  Launch 
Operations  Center,  Cocoa  Beach,  Florida. 

NASA  IS  AN  EQUAL  OPPORTUNITY  EMPLOYEE  (U.  S.  CITIZENSHIP  ESSENTIAL) 



LITTLE  BY  LITTLE,  SPACE  IS  YIELDING  its  mysteries  to  man's  inspection  ..  . 
the  previously  unknown  is  becoming  knowledge  to  help  attack  further  unknowns.  •  One  important 

attack  is  NASA's  manned  space  flight  program  leading  to  exploration  of  the  moon.  Bellcomm  was 
formed  by  the  Bell  Telephone  System  to  carry  out  systems  planning  and  evaluation  for  this  exciting 

effort.  •  This  new  company  offers  fine  opportunities  to  experienced  men  in  physics,  mathematics, 

engineering,  flight  mechanics,  propulsion,  man-machine  relationships,  aerodynamics  and  aeronautical 
engineering  in  general.  •  The  work  is  creative,  the  staff  is  highly  professional,  and  the  location  is 

stimulating.  Bellcomm,  an  equal  opportunity  employer,  works  in  Washington,  D.  C.  Interested? 

Bellcomm  will  give  your  resume  prompt  and  thoughtful  study.  It  should  be  sent  to  Mr.  W.  W.  Braunwarth, 

Personnel  Director,  Bellcomm,  Inc.,  Room  500F,  1737  L  Street,  N.  W.,  Washington  6,  D.  C. 

BELLCOMM,  INC. 

A  Bell  Telephone  System  Company 
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challenge with  a  future 

The  CHRYSLER  Corporation  SPACE  Division 
was  born  of  experience  over  a  decade  in  the 

research,  design,  development,  fabrication,  as- 

sembly, test,  and  launch  support  of  large  liquid- 
propelled  missile  systems  and  space  boosters. 

The  CHRYSLER  Corporation  SPACE  Division, 

as  a  prime  contractor  in  the  SATURN  S-l,  C-1 
Space  Program,  has  responsibilities  which  include 
a  broad  spectrum  of  engineering  technology.  To 

these  have  been  added  tasks  in  ADVANCE  EN- 
GINEERING and  PRODUCT  IMPROVEMENT. 

The  scope  of  this  undertaking  offers  excep- 
tional opportunities  for  ENGINEERS  and  SCIEN- 
TISTS who  enjoy  fulfilling  intensive  assignments 

where  individual  creativity  is  encouraged. 

Consider  these  added  values  of  a  career  with 
CHRYSLER  Corporation  SPACE  Division: 
•  Association  with  top  technical  minds. 
•  Excellent  career  advancement  potential. 

•  University  facilities  for  advanced  study. 
•  Pleasant  living  in  3  choice  Southern  locations. 

If  you  have  engineering  experience  in  re- 
search, preliminary  design,  test  or  development 

in  the  areas  of  AERO  and  ASTRONAUTICS. 

ELECTRONICS.  SYSTEMS.  LIQUID  PROPULSION. 

STRUCTURES,  or  ANALOG  and  DIGITAL 

COMPUTATION,  send  your  resume  in  confi- 
dence to  Personnel  Department,  P.O.  Box  26018, 

New  Orleans  26,  La. 

CHRYSLER    CORPORATION    SPACE  DIVISION 

CAPE    CANAVERAL.  FLA.         HUNTSVILLE,    ALA.         NEW    ORLEANS,  LA. 

An  Equal  Opportunity  Employer 



letters 

Two  major  task  areas  are  of 
special  interest: 

ADVANCE 
ENGINEERING 

This  branch  analyzes  existing 
Or  proposed  space  system  designs 
and  operational  characteristics  to 
establish  system  requirements  and 
feasibility  for  developing  design  con- 

cepts. It  includes  these  sections: 

Aeroballistics — concerned  with  dy- 
namics and  trajectory  analyses,  aer- 

odynamic heating,  staging  studies, 
aerodynamics,  and  flight  evaluation. 
Preliminary  Design — establishes 
configuration  feasibility  to  meet 
mission  changes  and  future  mis- 

sions as  dictated  by  program  re- 
quirements. 
Future  Systems  Analysis— studies 
advanced  systems  with  considera- 

tion of  tradeoffs  between  various 
parameters  as  well  as  projected 
availability  of  new  and  higher  per- 

formance hardware. 

PRODUCT 
IMPROVEMENT 

These  programs  provide  for 
assignment  involving  the  major  ele- 

ments of  the  structural,  mechanical, 
and  materials  disciplines,  including 
complete  or  partial  feasibility  stud- 

ies, design,  development,  analysis, 
and  testing.  Tasks  also  are  initiated 
in  the  areas  of  electrical  systems, 
instrumentation,  and  automatic 
checkout.  Component  product  im- 

provement tasks  will  be  performed 
to  correct  design  deficiencies  and 
marginal  conditions  detected  in  the 
evaluation  and  test  programs. 

CHRYSLER  corporation 

SPACE  division 

An  Equal  Opportunity  Employer 

Labor  Relations 

To  the  Editor: 
Personnel  working  out  of  this  office 

read  your  magazine  and  find  it  useful  and 
informative,  since  many  of  our  members 
are  employed  in  the  aerospace  industry. 
However,  I  was  deeply  disturbed  by  the 
editorial  ("Move  Over,  Mr.  Blough")  in the  Sept.  24  issue.  This  certainly  was  the 
ranting  of  an  uninformed  person;  he  ad- 

mitted that  he  didn't  know  whether  union 
shops  are  good  or  bad  for  the  industry. 
I  strongly  suspect  that  this  babble  was  in- 

fluenced by  the  center-spread  advertise- 
ment of  Lockheed  Missiles  and  Space 

Company. 
In  my  opinion,  you  could  be  of  greater 

service  if  you  would  confine  your  remarks 
to  missiles  and  rockets  and  leave  labor 
relations  to  people  who  understand  them. 

E.  R.  White 
General  Vice  President 
International  Association 

of  Machinists 
Washington,  D.  C. 

Colleges  and  R&D 
To  the  Editor: 

Your  Oct.  15  editorial,  "College  Pick: 
NASA  by  Five  Points,"  has  recently  come to  our  attention.  While  I  agree  with  you 
that  it  makes  little  sense  for  research 
grants  from  DOD  to  be  limited  to  an  in- 

direct cost  rate  of  20%  of  direct  costs, 
while  NASA  grants  are  limited  to  25%,  I 
cannot  agree  with  several  of  the  state- 

ments made  in  the  latter  part  of  the 
editorial. 

I  believe  I  can  speak  with  some  au- 
thority on  this  matter,  since  I  was  a  mem- 

ber of  the  American  Council  on  Education 
working  group  which  discussed  in  great 
detail  with  a  Government  interagency  com- 

mittee the  provisions  of  Bureau  of  the 
Budget  Circular  A-21  on  the  subject  of 
Principles  for  Costing  Research  and  De- 

velopment under  Grants  and  Contracts 
with  Educational  Institutions,  first  issued 
Sept.  10,  1958. 

Your  editorial  states,  for  example,  that 
a  limit  of  some  kind  should  be  placed  on 
university  overhead  to  ascertain  that  the 
Goverment  is  not  being  asked  to  improp- 

erly subsidize  the  universities  and  indi- 
cates that  there  should  not  be  a  free  rein 

to  financial  opportunists  among  the  col- 
leges. BOB  Circular  A-21  contains  very 

clear  and  detailed  guidelines  for  the  allow- 
ability of  both  direct  and  indirect  costs  in 

Government  grants  and  contracts.  Govern- 
ment auditors  are  assiduous  in  interpreting 

Circular  A-21  to  insure  that  the  Govern- 
ment is  not  reimbursing  any  improper 

costs.  Furthermore,  there  is  a  built-in  in- 
centive for  universities  to  keep  their  over- 

head costs  as  low  as  possible,  consistent 
with  effective  operation,  since  they  must 
pay  out  of  their  own  pockets  a  major  share 
of  all  overhead  costs  which  Circular  A-21 
states  must  be  prorated  between  Govern- 

ment research  and  all  other  university  ac- 
tivities in  an  equitable  manner.  In  fact, 

since  a  number  of  normal  university  in- 
direct costs  cannot,  under  the  provisions  of 

Circular  A-21,  be  allocated  in  any  amount 
to  Government  research,  university  over- 

head rates  are  normally  higher  for  their 
other  activities  than  they  are  for  Govern- ment work. 

Your  editorial  states  that  university 
overhead  rates  have  varied  from  10  to 
72%,  which  I  believe  was  also  stated  by 
several  Congressmen.  Although  you  say 
these  rates  were  based  upon  direct  costs,  I 
am  certain  that  this  is  not  the  case.  Prac- 

tically all  universities,  with  only  a  few  ex- 
ceptions, compute  their  overhead  rates  as 

a  percentage  of  direct  salaries,  because  it 
seems  to  them  that  this  provides  a  more 
equitable  and  accurate  method  of  measure- 

ment. However,  where  the  Government 
has  placed  limits  on  overhead,  or  in  studies 
such  as  National  Science  Foundation  Re- 

views of  Data  on  Research  and  Develop- 
ment in  Colleges  and  Universities,  the  base 

used  has  been  direct  costs.  Comparing  an 
overhead  percentage  based  on  salaries  with 
one  based  on  total  direct  costs  is  like  count- 

ing grapefruit  and  lemons  to  determine 
how  many  will  go  into  a  barrel.  As  indi- 

cated in  testimony  by  Dr.  Henry  D.  Smyth 
of  Princeton  before  the  Department  of  De- 

fense Subcommittee  on  Appropriations, 
Princeton's  main  campus  indirect  cost  rate 
for  1960-61  was  75.8%  of  salaries,  but 
only  24.4%  of  total  direct  costs  (including 
employee  benefits,  but  excluding  all  capi- 

tal expenditures).  The  24.4%  rate  is  below 
the  national  average  of  28.2%  cited  by 
NSF  in  the  study  mentioned  above. 

Personnel  fringe  benefits,  secretarial 
and  administrative  assistance,  utilities,  com- 

puter operations  and  so  forth  are  but  a  few 
examples  of  cost  which  vary  in  their  treat- 

ment among  institutions.  These  differences 
in  treatment  do  not  alter  the  total  cost  of 
a  research  project  to  the  Government.  This 
is  also  true  of  various  industrial  organiza- 

tions whose  overhead  rates  vary  widely 
(although  they  are  almost  universally 
higher  than  university  rates),  yet  Congress 
has  not  dictated  limits  in  these  cases — 
where  many  more  Government  dollars  are 
involved.  These  differences  in  accounting 
treatment  are  a  reflection  of  differences  in 
operational  policy  and  procedure,  which 
should  be  the  master,  not  the  servant,  of 
accounting. 

I  hope  that  the  above  remarks  will 
help  to  shed  some  further  light  on  this 
difficult  and  complex  problem.  Your  sup- 

port would  be  most  helpful  for  the  posi- 
tion that  I  believe  practically  all  universi- 
ties subscribe  to:  that  they  should  be 

reimbursed  for  the  full  costs  of  the  re- 
search which  they  undertake  for  the  Gov- 

ernment, based  on  sound  accounting  pro- 
cedures and  with  responsible  auditing  by 

the  Government. 
Raymond  J.  Woodrow Director.  Office  of  Research 

Administration 
Princeton  University 
Princeton,  N.J. 
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AEFtOPHYSICS 

New  knowledge  of  fluid  dynamics  and  heat  transfer  gradually  is  forcing  a  revision  in  our  thinking  about 

solid  rocket-nozzle  cooling  problems.  For  example,  we  now  know  that  use  of  the  "two-metal"  principle 
in  the  design  of  nozzles  permits  us  to  expose  metals  to  temperatures  well  above  their  normal  boiling 
points.  In  the  two-metal  system,  one  metal  is  allowed  to  boil  within  another.  As  boiling  occurs,  the  boiling 
products  of  the  first  metal  pass  through  the  pores  of  the  second,  thus  cooling  it  by  convection,  mass 
transfer,  and  heat  absorption  in  the  phase  changes.  The  above  drawings  show  how  hot  gases  passing 

through  a  nozzle  (A)  erode  "pure"  metal  such  as  tungsten  at  the  throat.  In  (B),  mass-transfer  cooling 
protects  the  metal  from  erosion.  This  and  other  cooling  techniques  permit  our  design  engineers  to 
overcome  inherent  limitations  of  materials  now  available  for  nozzle  applications. 

We  invite  you  to  participate  in  our  challenging  advanced  research  activities. 
Aerojet-General®  needs  scientists  with  advanced  degrees  and  unusually  high  levels  of  achievement  in 
materials  technology,  physics,  chemistry,  mathematics,  fluid  mechanics,  and  heat  transfer.  Your  letter 
will  receive  prompt  confidential  attention.  Write  Dr.  P.  L.  Nichols,  Jr.,  Manager,  Aerojet-General  Solid 
Rocket  Research,  P.  0.  Box  1947  -J,  Sacramento,  California.  An  equal  opportunity  employer. 

AEROJET  m H3333317ni^B  SOLID  ROCKET  PLANT   Sacramento  California 
GENERAL  TIRE 



The  Countdown 

WASHINGTON 

NASA  Officials  Seek  Additional  Funds 

Top  NASA  officials  are  seeking  a  supplemental  Fiscal 
'63  budget  of  several  hundred  million  dollars  for  the 
manned  spaceflight  program.  Approval  has  not  been  given 
by  the  Administrator's  office  or  the  Kennedy  Administra- 

tion; both  are  hoping  that  reprograming  of  regular  FY 
'63  funds  and  quicker  action  on  the  big  Fiscal  '64  budget 
will  make  the  supplemental  request  unnecessary.  This 
reprograming  already  has  begun,  including  the  switch  of 
$90  million  from  the  construction  budget  to  research  and 
development. 

NASA  Wants  $6  Billion  in  FY  '64 
Space  agency  officials  now  are  pushing  hard  for  a  FY 

'64  budget  of  up  to  $6  billion.  Administration  budgeting 
is  expected  to  cut  this  down  to  somewhere  between  $5 
and  $5.5  billion. 

Space  Pact  Will  Follow  a  Cuban  Settlement 
Any  easing  of  the  Cuban  missile  crisis  will  open  the 

door  to  signing  of  a  pact  for  limited  space  cooperation 
by  the  U.S.  and  the  Soviet  Union.  Agreement  will  call 
for  exchange  of  weather  satellite  data  and  probably  some 
joint  work  in  communications  satellites. 

Castro  Delays  Large  Solids 
A  meeting  of  Secretary  of  Defense  Robert  S.  Mc- 

Namara  and  NASA  Administrator  James  E.  Webb  to 
thresh  out  the  big  solids  program  was  postponed  by  the 
Cuban  crisis.  When  the  session  will  be  held  still  is  un- 
certain. 

Space  Council  to  Decide  MODS 
Decision  on  whether  NASA  or  Air  Force  will  get  the 

mission  for  an  orbital  space  station  is  expected  to  go  to 
the  Space  Council.  Both  agencies  are  at  work  on  pro- 

grams for  the  1966-67  time  period.  But  a  Defense  Dept. 
official  says  it  would  be  a  waste  of  resources  to  let  both 
continue  into  the  hardware  phase. 

AF  Plans  Purchase  of  Gemini  Capsules 
Latest  Air  Force  plans  call  for  purchase  of  four  or 

five  Gemini  capsules  for  an  independent  AF  man-in-space 
program.  Belief  is  that  this  will  be  more  efficient  than 
attempting  joint  projects  in  a  NASA  program  over- 

crowded with  tests  for  the  manned  lunar  landing.  Deci- 
sion still  is  conditional  on  DOD  approval. 

Dominic  Tests  Pay  Off  for  Missiles 
Pacific  nuclear  tests  have  paid  off  with  a  novel  method 

of  packaging  nuclear  warheads  which  will  increase  pay- 
load-to-weight  ratios  while  reducing  size.  Most  immediate 
application:  increased  yields  for  Polaris  and  Minuteman, 
previously  limited  to  600-800  kt. 

Radiation  Belt  May  Last  100  Years 
NASA  scientists  estimate  the  artificial  radiation  belt 

created  by  last  July's  high-altitude  nuclear  explosion  will 
last  from  10  to  100  years.  Because  of  loss  of  data  result- 

ing from  the  fast  spin  rate  of  Explorer  XV,  NASA  may 
launch  a  backup  satellite  to  measure  the  belt  before  the 
end  of  the  year.  Both  this  satellite  and  its  Delta  booster 
now  are  at  Cape  Canaveral. 

missiles  and  rockets,  November  5,  1962 

Relay  Launch  Set  for  December 
NASA  plans  to  launch  its  low-altitude  Relay  commu- 

nications satellite  from  the  Cape  in  December.  Relay  II, 
originally  also  scheduled  for  the  last  quarter  of  this  year, 
will  not  be  launched  until  next  year.  Exact  date  will  de- 

pend on  success  of  Relay  I. 

INDUSTRY 

Souped-Up  Thor  To  Boost  Agena  D 
Douglas  Aircraft  Co.'s  thrust-augmented  Thor  (TAT) 

will  place  an  Agena  D  into  polar  orbit  in  an  early  launch 
from  Vandenberg  AFB.  TAT-Agena  D  is  a  new  member 
of  the  Discoverer-MIDAS-SAMOS  family  of  Air  Force 
spacecraft  with  a  heavier  payload  than  earlier  Thor- 
boosted  members.  While  Agena  D  has  flown  before,  this 
will  be  the  first  test  of  TAT,  which  has  about  double  the 
thrust  of  the  Douglas  DM-21  Thor.  TAT  is  a  basic  DM- 
21  with  three  Thiokol  XM-33  Castor  solid-propellant 
rockets  strapped  on  its  sides.  It  is  one  of  a  group  of  im- 

proved Thors  with  strap-on  solids  designed  by  Douglas 
under  the  name  of  Thorad. 

Lunar  Vehicle  To  Have  P&W  Engines 

NASA's  Lunar  Logistics  Vehicle  (LLV)  will  use  a 
Pratt  &  Whitney  RL-10  engine  for  the  spacecraft  propul- 

sion unit.  The  space  agency  is  funding  P&W  studies  into 
throttling  capabilities  in  order  to  adapt  the  RL-10  liquid 
hydrogen  engine  to  LLV  needs.  The  ability  to  reduce  or 
increase  thrust  is  needed  to  soft-land  LLV  on  the  lunar 
surface. 

INTERNATIONAL 

French  Plan  16-Missile  Nuclear  Subs 
First  of  the  French  nuclear  submarines  capable  of 

carrying  16  Polaris-type  missiles  is  expected  to  be  opera- 
tional in  1969,  according  to  the  Chief  of  Staff  of  the 

French  Navy.  The  MSBS  (Mer-Sol  Balistiques  Strate- 
giques)  missiles  will  have  a  range  of  1240  to  1865  miles. 
Present  plans  call  for  three  of  the  subs. 

New  Rocket  in  Use  at  Woomera 

A  three-stage  Mach  10  Jabiru  rocket  is  being  used  at 
the  Woomera,  Australia,  test  range  to  investigate  high- 
temperature  aspects  of  re-entry.  The  research  vehicle  was 
developed  by  British  and  Australian  scientists. 

Small  ENTAC  Has  Mighty  Punch 
Newly-released  details  of  the  French  ENTAC  wire- 

guided  antitank  missile  (M/R,  Dec.  4,  1961,  p.  18)  in- 
dicate it  is  capable  of  penetrating  over  650  mm  of  armor 

plate  with  a  4-lb.  shaped  charge.  The  charge,  substantial 
for  a  26. 4-lb.  missile,  can  be  interchanged  with  a  lighter 
anti-personnel  warhead.  The  missile  can  be  fired  either 
singly  or  in  a  salvo  of  1 0  with  a  completely  transistorized 
fire  control  unit.  Nord  Aviation's  production  rate  in  1963 
is  expected  to  reach  4000  a  month. 

Bell  Buys  French  Target  Missiles 
Six  CT-41  supersonic  target  missiles  have  been  sold 

by  France's  Nord  Aviation  to  Bell  Aerosystems  Co.,  the 
U.S.  licensee.  The  missiles  are  to  be  tested  at  Pt.  Mugu, 
Calif.  A  similar  evaluation  in  Britain  will  be  carried  out 
by  Hawker  Siddeley.  The  Nord  missiles  also  are  currently 
being  tested  at  the  Colomb-Bechar  range  in  the  Sahara. 

9 



Minuteman  ICBM 

Advanced  Boeing  openings  for  Engineers  and  Scientists 

You  will  find  career  excitement  in  many  of  the 
challenging  programs  at  Boeing's  Aero-Space 
Division.  Some  of  these  programs  —  the  ad- 

vanced Saturn  S-IC  first-stage  booster,  for  ex- 
ample —  are  under  the  management  of  newly- 

formed  divisional  organizations  that  can  offer 
you  unique  ground-floor  opportunities. 

Other  openings  with  rapid-advancement  po- 
tential are  immediately  available  on  the  Dyna- 

Soar  space  glider  program  and  the  solid-fuel 
Minuteman  ICBM.  Assignments  are  available  in 
many  fields  of  activity,  including  Research  and 
Development,  Design,  Manufacturing  and  Test. 

In  addition  to  professionally  stimulating 

careers,  these  Boeing  openings  can  offer  you  — 
and  your  family  —  a  wide  variety  of  living  ad- 

vantages, including  geographic  locations  such 
as  the  uncongested  Pacific  Northwest,  Florida 
resort  areas  and  historic  New  Orleans. 

Salaries  are  commensurate  with  education  and 
experience.  Minimum  requirements  are  a  B.S. 
degree  in  any  applicable  scientific  discipline. 
Boeing  pays  moving  and  travel  allowances  to 
newly-hired  engineers. 

Send  your  resume  today  to  Mr.  Lawrence  W . 
Blakeley,  The  Boeing  Company,  P.  O.  Box  3822- 
MSE,  Seattle  24,  Washington.  Boeing  is  an 
equal  opportunity  employer. 

Assignments  are  available  for: 
Structures  Engineers 
Electronic/Electrical  Engineers 
Mechanical  Engineers 
Industrial  Engineers 
Manufacturing  Engineers 
Propulsion  Engineers 
Aeronautical  Engineers 

Cryogenicists Base  Installation  Engineers 

Physicists Mathematicians 

Divisions :  Military  Aircraft  Systems  •  Transport  •  Vertol   •  AERO-SPACE  .  Industrial  Products  — Boeing  Scientific  Research  Laboratories 
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The  Missile /Space  Week 

Cuban  Situation  Unclear 

The  destiny  of  Soviet  missile 
bases  in  Cuba  remained  unclear  last 
week. 

On  his  return  from  Cuba  October 
31,  U.N.  Acting  Secretary  U  Thant 
said  he  had  been  told  that  the  bases 
would  be  dismantled  by  Friday,  and 
that  all  missiles  would  be  shipped 
from  the  island  shortly  thereafter. 

President  Kennedy,  however,  im- 
mediately ordered  resumption  of  the 

blockade,  beginning  November  1  at 
dawn,  until  the  U.S.  might  obtain 
its  own  assurance  that  full  disman- 

tling was  an  accomplished  fact. 
Construction  on  all  Cuban  missile 

sites  was  believed  to  have  halted 
Oct.  27  when  Soviet  Premier  Khru- 

shchev ordered  Russian  offensive 
weapons  out  of  Cuba. 

U  Thant's  entire  party  left  Ha- 
vana, but  negotiations  were  to  con- 
tinue at  U.N.  headquarters. 

Thant  originally  planned  to  leave 
his  military  adviser,  Brig.  Indar  Jit 
Rikhye  of  India,  to  head  the  observer 
corps  in  Cuba  that  had  been  expected 
to  be  called  in  immediately  from  sev- 

eral countries. 

Shots  of  the  Week 

•  A  Nike-Zeus  launched  Oct.  24 
from  Pt.  Mugu,  Calif.,  was  destroyed 
before  the  third  stage  ignited.  Army 
spokesmen  said  all  test  objectives 
through  second  stage  ignition  and 
powered  flight  were  met. 

•  A  SAC  crew  launched  an 
Atlas-D  ICBM  from  Vandenberg 
AFB  Oct.  26  in  what  was  described 
as  a  routine  training  exercise. 

•  The  Air  Force  also  boosted  an 
unidentified  payload  into  orbit  from 
Vandenberg  AFB  Oct.  26  with  a 
Thor-Agena  vehicle. 

•  A  Titan  II  ICBM  roared  5000 
miles  down  the  Atlantic  Missile 
Range  Oct.  26  and  landed  in  the 
Ascension  Island  area  in  a  propul- 

sion and  re-entry  systems  test. 
•  Explorer  XV  went  into  orbit 

Oct.  28  from  Cape  Canaveral  spin- 
ning too  fast  for  two  of  the  seven 

experiments  aboard  to  function.  A 
slowdown  from  150  to  73  rpm  came 
when  the  solar  power  panels  un- 

;  folded,  but  this  was  still  far  above 
the  planned  10  rpm.  The  satellite's 
spin  jeopardizes  two  experiments  de- 

signed to  measure  the  decay  rate  of 

the  man-made  radiation  belts  result- 
ing from  U.S.  and  U.S.S.R.  high-alti- 

tude nuclear  explosions.  Five  other 
experiments  remained  unaffected  by 
the  spin  rate.  The  Delta  launch  ve- 

hicle marked  its  13th  straight  suc- 
cess. 

•  Star-seeking  equipment  and 
ultraviolet  light  meters  destined  for 
use  in  the  OAO  satellite  were 
checked  out  in  a  launch  from  Wal- 

lops Island  Oct.  29.  Main  purpose  of 
the  launch  was  to  investigate  two 
new  stars  under  study  by  the  Uni- 

versity of  Wisconsin. 
•  A  Thor- Able -Star  vehicle 

boosted  the  355-lb.  ANNA  beacon 
satellite  into  orbit  from  Cape  Canav- 

eral Oct.  31.  Photographs  of  ANNA'S 
high-intensity  light  flashes  and  com- 

putations will  result  in  the  most  ac- 
curate maps  of  Earth  ever  drawn 

(see  p.  15). 
•  A  Tactical  Air  Command  crew 

launched  a  Mace-B  air-breathing 
missile  down  the  AMR  Oct.  31.  The 
operation  was  described  as  routine 
training. 

•  An  Air  Force  Thor  boosted  a 

nuclear  device  some  "tens  of  kilo- 
meters" over  Johnston  Island  Oct.  26 

in  the  closing  stages  of  the  current 
U.S.  nuclear-detonation  program. 
The  explosion  was  in  the  sub-mega- 

ton yield  range. 

Advent  Report  Released 
A  congressional  report  cites  lack 

of  cooperation  between  the  Army 
and  the  Air  Force  and  failure  of  the 
Office  of  the  Secretary  of  Defense  to 
effectively  control  and  direct  the 
services  as  primary  reasons  for  the 
costly  failure  of  the  Advent  program. 

Congressman  Joseph  E.  Karth 
(D-Minn.),  chairman  of  the  House 
Science  and  Astronautics  Commit- 

tee's Subcommittee  on  Space 
Sciences,  last  week  endorsed  the 
blistering  attack  on  the  Defense  De- 

partment's conduct  of  the  military 
communications  satellite  program. 

The  report  also  condemned  the 
cost  estimates  for  the  Advent  pro- 

gram. Initially,  the  total  costs  were 
estimated  at  $140  million,  but  by 
the  time  the  program  was  cancelled, 
$170  million  had  been  spent  and  it 
was  estimated  that  total  development 
cost  would  approach  $350  million. 

Terming  these  figures  startling, 
the  report  questioned  whether  the 

original  estimates  bore  any  relation- 
ship to  reality. 

In  view  of  the  difficulties  in  the 
Advent  program,  the  subcommittee 
report  endorsed  a  recommendation 
that  the  new  Advent  project  should 
be  directed  by  a  strong  single  man- 

ager at  the  Department  of  Defense 
level. 

DOD  officials  have  consistently 
maintained  that  this  is  unnecessary 
and  have  shown  no  intention  of  tying 
together  the  three  agencies  now  in- 

volved in  the  program  under  a  single 
manager. 

"Serious  reservations"  were  ex- 
pressed over  the  DOD  plan  for  a  me- 

dium-altitude communications  satel- 
lite system. 

Union  Shop  Out  at  GD,  NAA 

Workers  at  both  General  Dynam- 
ics and  North  American  Aviation 

have  voted  down  the  union  shop  in 
elections  urged  by  President  Ken- 
nedy. 

Only  54%  of  GD  employees  at  the 
Convair  and  Astronautics  divisions 
and  59.8%  of  the  employees  at  six 
North  American  divisions  voted  in 
favor  of  the  proposal.  Two-thirds  ap- 

proval was  required  to  enforce  the 
union  shop  provision,  supported  at 
GD  by  the  International  Association 
of  Machinists  and  at  NAA  by  the 
United  Auto  Workers. 

Results  of  the  Nov.  1  vote  at 
Ryan  Aeronautical  Co.  are  expected 
to  be  made  public  this  week.  Though 
labor  observers  considered  the  union 
showing  at  North  American  and 
General  Dynamics  surprisingly  weak, 
UAW's  position  appears  stronger  at 
Ryan,  where  some  70%  of  the  em- 

ployees are  already  union  members. 
The  union  shop  still  is  a  live  issue 

between  the  IAM  and  two  other  aero- 
space companies — Boeing  and  Lock- 
heed. Talks  with  government  medi- 
ators were  still  in  progress  late 

last  week. 

P&W  Gets  Big  NASA  Contract 
NASA  has  awarded  Pratt  & 

Whitney's  Florida  Development  Cen- 
ter a  $19-million  contract  for  ad- 

vanced work  on  the  RL-10  liquid 
hydrogen  engine  designed  for  upper- 
stage  use  with  the  Centaur  and 
Saturn  launch  vehicles. 

The  work  will  proceed  under  a 
one-year  extension  of  the  existing 
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contract.  NASA  said  this  is  in  addi- 
tion to  work  the  Marshall  Space 

Flight  Center  has  authorized  under 
another  contract. 

Marshall  has  asked  P&W  to  con- 
duct research  into  throttling  capabil- 

ities of  hydrogen/oxygen  engines, 
using  the  RL-10.  The  cluster  of  six 
RL-lOs  that  will  power  the  Saturn 
S-IV  stage  was  fired  recently  by  the 
vehicle  manufacturer,  Douglas  Air- 

craft Co.,  in  preparation  for  the  first 
fully  powered  Saturn  C-l  flight  next 
year. 

MSFC  also  awarded  a  $660,000 
contract  to  the  Vitro  Services  Div., 
Vitro  Corp.  of  America,  Fort  Walton 
Beach,  Fla.,  to  provide  support  serv- 

ices at  the  space  center's  Saturn  test facility. 
Under  the  contract,  Vitro  will  be 

responsible  for  operating  electronic 
data-acquisition  equipment  used  by 
Marshall  in  its  Saturn  C-l  systems 
test  area. 

Karl  Heimburg,  director  of  Mar- 
shall's Test  Div.,  said  use  of  Vitro 

would  free  present  personnel  operat- 
ing the  test  equipment  to  operate 

similar  equipment  in  the  Center's Advanced  Saturn  lunar  rocket  test 
area  now  under  construction. 

Vitro's  one-year  contract  becomes effective  Nov.  5.  It  calls  for  about 

80  persons  eventually  working  under 
Marshall  supervision.  Vitro  will 
begin  its  operation  with  about  30 

persons. 

Mariner  Experiments  Turned  Off 
NASA  reported  last  week  that 

telemetry  from  the  Venus-bound 
Mariner  indicated  a  sudden  change 

in  voltage  supplied  by  the  craft's solar  panels.  Scientists  inferred  that 
a  voltage  regulator  problem  had  oc- curred. 

To  conserve  power,  four  inter- 
planetary experiments  that  had  been 

functioning  during  the  flight  were 
turned  off,  leaving  enough  power 
from  the  solar  panels  to  supply  tel- 

emetry communication  with  Earth 
and  keep  the  attitude-control  system 
operating. 

At  the  time  of  Venus  fly-by  Dec. 
14,  the  scientists  will  again  turn  on 
the  interplanetary  experiments,  as 
well  as  two  planetary  experiments — 
infrared  and  microwave  radiometers 
— to  obtain  data  on  the  planet  and 
its  atmosphere. 

Mariner  will  get  an  assist  from 
radar  probes  being  conducted  by 
scientists  at  Caltech's  Jet  Propulsion Laboratory. 

The  radar  experiment  is  designed 

to  bounce  radio  signals  off  Venus 
and  analyze  the  echoes  that  flash 
back  to  Earth.  Probing  began  Oct.  1 
and  is  expected  to  continue  for  about 
three  months.  Data  received  from 
the  radar  experiment  will  be  com- 

pared with  that  obtained  by  Mariner 
II  when  it  passes  Venus. 

At  8  a.m.  Nov.  5  (EST),  Mariner 
II  was  13,422,736  mi.  from  Earth, 
14,516,206  mi.  from  Venus  and  trav- 

eling at  14,489  mph. 

Starbird  To  Head  DCA 

Maj.  Gen.  Alfred  D.  Starbird— until  last  week  commander  of  Joint 
Task  Force  8  responsible  for  U.S. 
nuclear  testing  in  the  Pacific — as- 

sumed command  of  the  Defense  Com- 
munications Agency  Oct.  29. 

The  Army  general  replaces  Rear 
Adm.  William  D.  Irvin,  who  will  be- 

come Commander  Service  Force,  Pa- 
cific Fleet.  Irvin  will  continue  tem- 

porarily to  serve  as  an  appointee  on 
the  Subcommittee  on  Communica- 

tions of  the  Executive  Committee  of 
the  National  Security  Council. 

Gen.  Starbird's  sudden  assump- tion of  command  of  DCA  came  as  a 
surprise.  There  was  no  explanation 
of  why  he  took  command  before  the 
end  of  the  nuclear  test  series. 

CURTISS-WRIGHT  ELECTRONICS... 

adding  a  new  dimension  to  the  capability  of  man 

DEMON  is  the  second 
generation  of 
Curtiss-Wright's programmed  comparator 
automatic  checkout 
equipment.  It  consists  of 
4  major  sections;  Command 
generator,  stimuli 
generators,  system 
exerciser,  and  output 
translator.  The  equipment 
combines  increased  test 
capacity  with  simplified  NOR 
logic  circuitry.  The  display 
unit  can  be  automatic 
typewriter,  punched  paper 
tape,  alphanumeric  printer 
or  visual  indicator.  J 



NASA  Realigns  Management 
Associate  Administrator  Robert 

C.  Seamans,  Jr.  announced  that 
NASA  has  realigned  its  management 
structure. 

Effective  immediately,  D.  Brain- 
erd  Holmes  assumes  new  duties  as  a 
deputy  associate  administrator  to 
Seamans  as  well  as  retaining  his  pro- 

gram responsibilities  as  director  of 
the  Office  of  Manned  Space  Flight. 

Thomas  F.  Dixon,  who  for  the 
past  year  has  served  as  deputy  asso- 

ciate administrator,  assumes  specific 
responsibility  for  NASA  headquar- 

ters relations  with  field  centers  en- 
gaged principally  in  other  than 

manned  spaceflight  projects. 
Most  field  center  directors  previ- 

ously reported  directly  to  Seamans 
on  institutional  matters  beyond  pro- 

gram and  contractual  administration. 
Under  the  new  setup,  centers  report- 

ing on  their  institutional  operations 
directly  to  Holmes  will  include  Mar- 

shall Space  Flight  Center,  Huntsville, 
Ala. ;  Manned  Spacecraft  Center, 
Houston,  Texas;  and  Launch  Opera- 

tions Center,  Cape  Canaveral,  Fla. 
Dixon's  area  will  embrace  opera- tions at  Ames  Research  Center, 

Moffett  Field,  Calif. ;  Lewis  Research 
Center,   Cleveland,   Ohio;  Langley 

Research  Center,  Hampton,  Va. ; 
Goddard  Space  Flight  Center,  Green- 
belt,  Md. ;  Flight  Research  Center, 
Edwards  AFB,  Calif. ;  Jet  Propulsion 
Laboratory,  Pasadena,  Calif.;  and 
Wallops  Station,  Wallops  Island,  Va. 

UTC  Claims  Throttling  Advance 
United  Technology  Corp.  reports 

it  has  developed  a  system  which 
throttles  liquid-propellant  rocket 
motors  by  introducing  gas  into  pro- 
pellant  and  oxidizer  streams  just  be- 

fore they  enter  the  thrust  chamber. 
The  gas  reportedly  introduces 

bubbles  into  the  stream  to  alter  flow 
and  thrust.  Apart  from  the  gas  sup- 

ply, only  two  valves  are  added  to  a 
motor  system  for  the  throttling 
function. 

UTC  says  the  technique  is  capa- 
ble of  controlling  thrust  from  100% 

down  to  1%  or  less  of  total  thrust, 
works  for  all  sizes  of  motors,  and 
has  "very  rapid"  response. 

AF  Space  Needs  Listed 
Three  major  needs  for  further 

development  of  military  space  po- 
tential were  cited  by  Lt.  Gen.  James 

Ferguson  last  week  in  a  speech  in 
Philadelphia : 

First,  due  to  the  high  cost  of 
putting  a  payload  into  orbit,  a 
rugged  re-usable  launch  vehicle  with 
fast  reaction  time  must  be  developed. 

Second,  space  propulsion  systems 
must  be  developed  which  can  provide 
the  necessary  large  power  incre- 

ments required  to  make  fast  changes 
in  orbital  planes  of  maneuvering 
spacecraft. 

Finally,  space  power  sources 
must  be  developed  not  only  to  meet 
increasing  equipment  power  needs 
but  also  to  meet  requirements  for 
longer  life  and  greater  reliability. 

AEC  Seeks  Scientists 

The  Atomic  Energy  Commission 
is  initiating  a  nation-wide  personnel 
recruitment  program  to  obtain  engi- 

neers and  scientists. 
Salaries  will  range  from  $8025  to 

$17,925  a  year. 
The  recruitment  effort,  directed 

by  the  AEC's  Division  of  Personnel, 
is  focused  on  obtaining  nuclear  engi- 

neers, nuclear  physicists,  nuclear 
safety  engineers,  health  physicists, 
radiation  specialists,  physicists, 
mathematicians,  biologists  and  all 
other  types  of  biomedical  scientists. 

PRODUCT  IN  POINT: 

DEMON  AUTOMATIC  CHECKOUT  EQUIPMENT 

...  sets  new  standards  for  testing! 

At  Curtiss-Wright,  new  applications  of  science 
and  technology  develop  products  which  be- 

come integral  parts  of  military  and  industrial 

programs. 
Product  in  Point:  Demon— a  new  approach 
to  testing  and  checkout  for  today's  weapons 
systems.  Demon  is  a  highly  reliable  modular 
Go/No-Go  automatic  checkout  system  which 
can  be  custom  configured.  It  is  adaptable  to 
projects  ranging  from  readiness  determination 
of  satellite  launch  vehicles,  missiles  or  aircraft 
to  the  high  speed  production  line  testing  of 
subsystems  and  components. 

There  is  an  intensive  program  for  the  develop- 
ment of  Demon  and  related  projects  (digital  com- 
puter controlled  systems,  automatic  waveform 

analyzers,  peak  reading  voltmeters)  being  car- 
ried forward  at  Curtiss-Wright  Electronics  Divi- 

sion. These  and  other  advanced  activities  have 
created  immediate  opportunities  for  systems 
engineers  and  circuit  designers  with  specific 
experience  on  automatic  checkout  equipment. 
For  complete  information,  please  write 

Mr.  Gene  S.  Kelly,  Manager  of  Professional 
Placement,  Electronics  Division.  An  equal 
opportunity  employer. 

ELECTRONICS  DIVISION 

CURTISS-WRIGHT  CORPORATION 
35  MARKET  STREET,  EAST  PATERSON,  N.J. 



To  solve  unknowns  .  .  . 

ARPA  Pushes  Hybrid  Research 

Four  new  contracts  spearhead  work  as  R&D  funding 

soars  for  all  services;  flight-test  vehicle  may  follow 

A  RAPIDLY  accelerated  program 
of  research  on  hybrid  rockets  has  been 
instituted  by  the  Advanced  Research 
Projects  Agency  in  a  determined  effort 
to  fill  a  major  gap  in  U.S.  powerplant 
technology. 

Funding  has  been  raised  to  over  $2 
million,  it  was  disclosed  last  week. 

Part  of  Project  Principia,  an  overall 
ARPA  program  to  seek  out  advanced 
chemical  propellants,  the  new  surge  of 
interest  in  hybrids  has  resulted  in  four 
major  contracts  being  let,  involving  a 
four-fold  increase  in  funding  over  last 
year. 

The  contracts,  being  carried  out  by 
Aerojet,  Lockheed,  Thiokol,  and  United 
Technology,  are  each  aimed  at  serving 
the  needs  of  individual  services,  while 
in  sum  total  they  cover  the  broad  spec- 

trum of  ARPA's  research  goals. Dr.  Gene  V.  Mock,  Assistant  ARPA 
Director  for  Advanced  Propellant 
Chemistry,  told  Missiles  and  Rock- 

ets: "The  principal  difficulty  is  in  sell- 
ing the  services  something  that  you've neither  built  nor  flown,  and  that  even 

lacks  in  theoretical  details."  It  was 
largely  to  solve  the  problem  of  numer- 

ous unknowns  and  help  define  the  po- 
tential applications  of  hybrids  that 

ARPA  decided  to  accelerate  R&D. 
Proof  of  principle  and  selection  of 

chemical  combinations  are  two  major 
research  goals  of  the  new  emphasis, 
which  does  not  yet  call  for  flight  tests. 

The  program's  $2  million-plus  fund- 
ing represents  more  than  two-thirds  of 

all  U.S.  government-funded  research 
into  hybrids;  by  contrast,  all  research 
and  development  prior  to  1962  totalled 
about  $2  million. 

Dr.  R.  J.  Heaston,  Program  Man- 
ager for  the  hybrid  research,  said  three 

•of  the  four  contracts  recently  awarded 
were  for  work  on  the  "true"  hybrid — 
one  having  a  solid  fuel  and  liquid 
oxidizer — and  the  fourth  is  for  a  so- 
called  "reverse"  hybrid  using  liquid  fuel and  solid  oxidizer.  (The  terms  were 
arbitrarily  coined,  Dr.  Heaston  said,  to 
help  in  differentiating  the  two  types, 
even  though  both  are  hybrids  in  every 
sense  of  the  word.) 

About  15%  of  the  outstanding  con- 
tractual effort  is  to  determine  the  best 

chemicals  to  serve  as  propellant;  60% 
is  for  fundamental  studies  of  combus- 

tion, grain  design,  injection,  throttle- 
ability,  and  other  areas  of  interest;  and 
the  remainder  is  for  hardware  research 
and  motor  testing. 

Contracted  work  is  limited  to  mo- 
tors developing  a  maximum  of  5000  lbs. 

average  thrust.  Work  at  lower  thrust 
levels  is  covered  in  the  contracts. 

Follow-on  work  in  additional  re- 
search depends  upon  success  of  the 

current  efforts.  Requirements  for  a 
flight-test  vehicle  may  be  part  of  such 
additional  development  work,  although 
this  is  not  a  definitely  predicted  out- 

come of  any  of  the  four  existing  con- 
tracts. 

The  future  of  hybrid  research  will 
be  determined  mostly  by  how  interest 
develops  in  each  service.  As  individual 
services  pick  up  the  lead  and  advance 
the  development  of  the  powerplants, 
ARPA  will  phase  out  accordingly. 

•  Advantages  —  In  citing  reasons 
for  pursuing  hybrid  rocket  research,  Dr. 
Heaston  listed  these  advantages  of 
the  system:  On/off /restart  capabilities; 
throttleability;  wide  temperature  range; 
liquid-cooled  nozzle;  thrust  vector  con- 

trol via  fluid  injection;  non-explosive- 
ness;  high  bulk  density;  simplicity;  abil- 

ity to  combine  otherwise  incompatible 
ingredients;  ease  of  non-destructive  test- 

ing; and  high  performance  between  that 
of  liquid-  and  solid-propellant  rockets. 

"There  are  always  those  people  who 
prefer  to  say  that  hybrids  combine  the 
disadvantages  of  both  liquid  and  solid 
rockets,  rather  than  the  advantages," 
Dr.  Heaston  commented,  "and  it  is  true 
that  there  are  such  disadvantages.  How- 

ever, it's  exactly  the  magnitude  of  these 
that  we  are  trying  to  determine,  as  well 
as  some  other  problems  inherent  in  the 

hybrid  design." •  Drawbacks  —  Among  the  disad- 
vantages, he  cited  low  burning  rate, 

difficulty  of  grain  design  for  the  solid 
portion,  and  lack  of  mission  analysis. 

In  the  last  of  these,  he  said,  it  is  a 
case  of  "Which  came  first:  the  chicken 
or  the  egg?"  Without  sufficent  tech- 

nology, no  one  can  make  a  fair  mission 
analysis;  the  technology  is  not  pursued 
because  no  one  is  sure  there  is  a  mission 

for  such  a  system. 
As  a  result  of  ARPA  action,  four 

companies  have  been  awarded  what 
amount  to  major  contracts  for  hybrid 
rocket  research.  Lockheed  Propulsion 
Co.  has  a  contract  from  Army  Ord- 

nance Missile  Command  at  Huntsville 
Arsenal;  United  Technology  Corp.  has 
an  award  from  the  Air  Force  Rocket 
Research  Laboratory  at  Edwards  AFB; 
Aerojet-General  Corp.  has  a  contract 
from  Navy's  Bureau  of  Weapons;  and 
Thiokol  Chemical  Corp.'s  Reaction  Mo- tors Division  has  been  awarded  a  con- 

tract by  BuWeps.  (The  last  of  these  is 
for  the  "reverse"  hybrid  using  liquid 
fuel  and  a  solid  oxidizer.) 

In  addition,  United  Technology  is 
working  on  hybrid  rocket  combustion 
problems  through  a  previous  ARPA 
contract,  and  the  Office  of  Naval  Re- 

search has  awarded  a  contract  under  its 
own  funding  to  Rocketdyne.  The  Naval 
Ordnance  Test  Station  at  China  Lake, 
Calif.,  has  had  an  outstanding  in-house 
research  program  under  way  for  the 
past  three  years;  and  two  NASA  pro- 

grams with  Thiokol  and  Lockheed  in- 
volve studies  to  determine  missions  for 

hybrids  in  space  systems. 
The  Navy,  among  all  the  services, 

has  always  expressed  most  interest  in 
the  potential  of  hybrid  rockets,  and  it 
is  through  the  Navy  that  much  of  the 
previous  research  has  been  accom- 

plished. In  formulating  the  presently  ac- 
celerated program,  ARPA  examined  the 

results  of  in-house  research  by  a  num- 
ber of  industry  firms,  and  finally  selected 

1 1  companies  with  previous  experience 
in  the  field  from  which  to  request  pro- 

posals. 
Examination  and  evaluation  of  all 

the  proposals  was  carried  out  by  all  the 
services,  so  that  Army  made  recom- 

mendations on  who  should  get  a  Navy 
contract,  Air  Force  voiced  opinions  on 
Army  contracts,  and  so  on.  Of  the  11 
proposals  submitted,  four  were  selected 
for  contract  awards,  and  ARPA  noted, 
with  obvious  pleasure,  that  the  four 
companies  were  unanimously  selected 
by  all  the  services  for  the  work  under 
consideration. 

•  Fast  action  —  Unusual  speed 
(Continued  on  page  43) 
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Despite  launch  success  . . . 

ANNA's  Future  Remains  in  Doubt 

But  congressional  and  scientific  support 

for  geodetic  satellite  may  still  expand  program 

SUCCESSFUL  launch  of  the 
ANNA  geodetic  satellite  last  week  may 
revive  lagging  government  interest  in 
the  program.  But  both  Navy  and  NASA 
are  reluctant  to  commit  themselves  to 
a  continuing  program  until  after  final 
test  results  are  evaluated. 

The  program  may  be  allowed  to  die 
— since  both  agencies  admit  the  real 
problem  is  a  question  of  available  re- 

sources and  higher-priority  programs. 
Congressional  pressure  could  change 

this.  A  House  Science  and  Astronautics 
Committee  report  issued  this  summer 
strongly  endorsed  an  expanded  geodetic 
satellite  program  and  recommended 
that  if  DOD  could  not  support  the  pro- 

gram it  should  be  taken  over  by  NASA. 
The  expanded  program  would  include 
at  least  five  or  six  satellites  and  an  ex- 

tensive ground  observation  network. 
Perhaps  the  strongest  support  for 

the  geodetic  satellite  program  comes 
from  the  scientific  community.  Citing 
the  five-year  delay  in  implementing  the 
program,  Dr.  James  A.  Van  Allen  told 
the  committee  that  "the  failure  to  do 
this  constitutes  almost  a  national  dere- 

liction. .  .  ." 
During  the  1957-58  period,  he  re- 

called, a  committee  worked  out  an  out- 
line of  a  national  satellite  program  and 

"of  all  the  things  that  we  settled  on  as 
being  of  first-rank  importance  during 
that  period,  only  the  geodetic  satellite 
has  not  been  done  in  very  full  measure." 

The  primary  reason  for  scientific 
interest  in  the  ANNA  program:  an  ade- 

quate geodetic  satellite  program  would 
provide  an  order-of-magnitude  increase 
in  the  accuracy  of  locating  positions  on 
the  surface  of  the  Earth.  At  present, 
these  positions  are  known  on  a  world- 

wide basis  to  an  accuracy  of  perhaps 
500  ft. — and  in  some  cases  the  error  is 
a  mile  or  more. 

With  an  adequate  geodetic  satellite 
program,  geodetic  networks  on  various 
continents  can  be  interrelated  to  an  ac- 

curacy of  30  to  50  ft.  In  addition,  pre- 
cise observations  of  the  satellites  would 

provide  improved  knowledge  of  the 
geometrical  shape  of  the  Earth  and  its 
gravity  field. 

•  ANNA  launch  a  start— The  355- 
lb.  ANNA  was  successfully  launched 
from  Cape  Canaveral  Oct.  31  into  a 
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FIRST  successful  ANNA  launch  Oct.  31. 

near-circular  orbit  by  a  Thor-Able  Star. 
Inclined  at  an  angle  of  approximately 
fifty  degrees,  the  36-in.-dia.  satellite  had 
an  apogee  of  640  mi.  and  a  perigee  of 
600  mi.  All  systems  were  working  nor- 

mally, according  to  Atlantic  Missile 
Range  officials. 

It  was  the  second  launch  of  a  geo- 
detic satellite.  The  first  failed  to  orbit 

May  10  when  the  Able  Star  upper  stage 
did  not  ignite. 

In  the  coming  three  months,  an  in- 
tensive calibration  program  will  be  ac- 

complished in  order  to  prove  that  no 
biases  exist  in  the  satellite  instrumenta- 

tion or  in  the  data-handling  techniques. 
After  these  biases  are  eliminated  or 

corrected  for,  a  world-wide  survey 
phase  will  be  undertaken  to  refine  the 
knowledge  of  Earth's  gravitational  field 
and  to  provide  the  location  of  tracking 
stations  relative  to  Earth's  center  of 
mass.  Preliminary  data  will  be  furnished 
to  the  Army  Map  Service  and  the  U.S. 
Coast  and  Geodetic  Survey. 

Although  no  plans  have  been  an- 
nounced on  either  the  observation 

equipment  to  be  used  or  the  methods 
of  data  collection,  consideration  is  being 
given  to  use  of  the  Smithsonian  Astro- 
physical  Observatory  optical  network, 

by  James  Trainor 

the  optical  tracking  networks  of  NASA's Minitrack  stations,  Minitrack  interfer- 
ometry  information,  JPL  space-probe 
radar  systems  and  selected  foreign  ob- 

servatories. Power  limitations  of  the 
optical  beacon  preclude  inclusion  of  all 
observatories. 

•  Satellite  instrumentation — ANNA 
contains  three  basic  types  of  instrumen- 

tation for  obtaining  position  informa- 
tion: 

—A  transponder  for  range  determi- 
nation, which,  coupled  with  ground 

instrumentation,  gives  a  phase  compari- 
son between  the  modulating  frequency 

as  transmitted  to  and  returned  from 
the  satellite.  Analysis  of  the  difference 
in  phase  shift  on  the  two  returning  fre- 

quencies permits  a  correction  to  be 
made  for  refraction  effects. 

—A  high-intensity  optical  beacon 
for  optical  determination  of  the  direc- 

tion from  an  observation  station  to  the 
satellite.  Since  the  beacon  consumes  a 
large  amount  of  power,  the  flash  se- 

quences— a  series  of  five  light  flashes 
spaced  5.6  sees,  apart — are  limited  to 20  or  less  per  day. 

—  Ultra-stable  transmissions  from 
the  satellite  to  provide  range  rate  infor- 

mation by  observing  the  Doppler  shift. 
Four  coherent  frequencies,  transmitting 
continuously,  are  used.  Two  of  these  are 
reserved  for  refraction  studies  and  for 
a  possible  backup  in  case  of  failure  of 
the  primary  tracking  frequencies. 

None  of  the  instrumentation  is  opti- 
mized for  observations  by  the  civilian 

scientific  community,  and  most  of  the 
experiments  require  complex  ground 
stations  and  timing  signals. 

ANNA  is  an  acronym  for  Army, 
Navy,  NASA  and  Air  Force.  The  pro- 

gram is  managed  by  the  Navy's  Bureau of  Naval  Weapons.  Overall  technical 
direction  and  satellite  development  is 
supervised  by  the  Applied  Physics  Lab- 

oratory of  The  Johns  Hopkins  Univer- 
sity. Navy  and  APL  also  were  respon- 
sible for  the  satellite's  Doppler  system. 

The  Army,  in  cooperation  with 
Cubic  Corp.,  furnished  the  ranging  sys- 

tem; the  Air  Force  provided  the  optical 
beacon,  under  contract  with  Edgerton, 
Germeshausen  and  Grier,  and  the  cam- 

era equipment,  under  an  award  to  In- 
strument Corp.  of  Florida.  tt 

15 



One  is  NASA's  biggest . . . 

New  Saturn  Awards  Total  $333  Million 

Contracts  cover  North  American  production  of  C-5's 
second  stage,  continuing  work  at  Douglas  and  Boeing 

by  Hal  Taylor 

PRODUCTION  STAGE  of  Saturn  S-IV  stage,  together  with  its  special  transporter,  was 
loaded  aboard  cargo  ship  at  Los  Angeles  Oct.  26.  Douglas-built  S-IV  is  the  first  space 
vehicle  of  its  size  to  travel  from  West  Coast  to  East,  via  Panama  Canal  and  river  barge. 

NASA  HAS  ANNOUNCED  three 
launch  vehicle  development  contracts 
totaling  close  to  $333  million. 

The  awards  include  the  largest  in 
NASA  history— $319,922,328  to  North 
American  Aviation  Space  and  Informa- 

tion Division  for  the  second  stage  of 
the  Saturn  C-5  booster. 

The  other  contracts  include  $10.9 
million  to  the  Boeing  Co.  for  a  two- 
month  extension  of  its  contract  for  de- 

velopment of  the  Saturn  C-5's  first 
stage,  and  $2.2  million  to  Douglas  Air- 

craft Corp.  for  modifications  of  S-IVB 
upper  stage  of  the  Saturn  C-l  booster. 

While  the  signed  contract  with  North 
American  is  the  largest  to  date,  it  is 
expected  to  be  exceeded  in  the  near 
future  by  detailed  contracts  for  other 
spacecraft  and  launch  vehicles  in  the 
Manned  Lunar  Landing  program. 

The  NAA  contract  will  cover  work 
through  1966.  North  American  will 
produce  nine  live  flight  stages,  one  inert 
flight  stage  and  several  ground-test  ve- 

hicles. The  5-//  second  stage  will  be  33 
ft.  in  diameter  and  82  ft.  in  length.  It 
will  be  powered  by  five  J-2  hydrogen 
oxygen  engines  with  a  thrust  of  one 
million  pounds. 

NASA  announced  on  Sept.  11,  1961, 
that  North  American  had  been  chosen 
for  negotiations  on  the  S-1I  contract. 
Early  design  has  been  under  way  since 
Oct.  27,  1961,  under  an  interim  contract. 

The  S-II  will  be  produced  at  Seal 
Beach,  Calif.,  at  a  facility  on  a  U.S. 
Naval  Ammunition  Depot  site  made 
available  under  a  use  agreement  between 
NASA  and  the  Navy  Department.  It 
will  be  static-tested  at  North  American's 
Santa  Susana,  Calif.,  facility  and  at 
NASA's  Mississippi  Test  Facility. 

•  Other  awards — The  contract  with 
Boeing  covers  a  two-month  period  from 
Nov.  1  to  Dec.  31,  1962.  The  interim 
contract  was  awarded  to  continue  Boe- 

ing work  on  the  five-F-1 -engine  first 
stage  of  the  C-5  until  a  final  definitized 
contract  is  signed  later  this  year. 

Space  agency  officials  estimate  that 
the  final  contract,  which  will  also  cover 
work  through  1966,  will  be  worth  well 
over  $300  million. 

The  Douglas  contract  covers  minor 
modifications  to  the  S-IVB  stage,  which 

is  powered  by  one  J-2  liquid  hydrogen 
engine. 

The  stage  was  originally  developed 
by  Douglas  as  the  third  stage  for  the 
Saturn  C-5  booster.  Its  mission  is  to 
push  the  manned  Apollo  spacecraft  into 
Earth-escape  trajectory  during  circum- 
lunar  and  lunar-landing  missions. 

NASA  recently  decided  to  develop 
the  Saturn  C-1B  booster  composed  of 
the  regular  S-l  first  stage  and  a  modi- 

fied S-IVB  second  stage. 
The  S-IVB,  in  its  new  assignment, 

will  boost  the  manned  Apollo  spacecraft 
into  Earth  orbit  to  check  out  and  test 
the  Apollo  system  in  preparation  for 
future  flights  to  the  Moon. 

Currently,  the  stage  is  in  the  early 
development  phase  at  the  Douglas  Mis- 

sile and  Space  Systems  Division. 
S-IVB  work  is  presently  programed 

for  the  company's  new  space  systems 
center  in  Huntington  Beach,  Calif., 
which  will  be  operative  in  the  fall  of 1963. 

Static  firing  of  both  versions  of  the 
S-IVB  will  be  accomplished  at  the 
Douglas  Sacramento  Facility,  which  at 
the  present  time  is  engaged  in  testing 
another  NASA  Saturn  upper  stage,  the S-IV. 

The  S-IV,  also  being  developed  by 
Douglas,  will  be  the  second  stage  of 
NASA's  Saturn  C-l  booster.  It  is  made 
up  of  six  RL-10A3  engines  with  a  total 
thrust  of  90,000  lbs. 

One  of  the  stages  recently  began  a 

trip  from  the  Douglas  plant  to  NASA's Marshall  Space  Flight  Center.  The  stage 
is  a  dynamic  test  vehicle  which  will  be 
assembled  and  tested  at  Marshall. 

The  trip  will  take  about  three  weeks. 
The  vehicle  will  remain  at  Marshall  for 
about  six  months,  after  which  it  will  be 
returned  to  Douglas  for  a  series  of 
structural  tests. 

At  Marshall  the  unit  will  be  mated 
vertically  with  other  Saturn  C-l  com- 

ponents in  a  200-ft.  tower  for  a  series 
of  bending  and  vibration  tests. 

The  first  flight  test  of  the  S-IV  stage 
will  be  made  in  1963. 

During  the  trip  to  Marshall,  the 
stage  was  transported  35  miles  to  Los 
Angeles  harbor  on  a  specially  built  25- 
ton  transporter.  It  was  loaded  on  a 
steamship  (see  photo)  for  its  journey 
through  the  Panama  Canal  to  New 
Orleans. 

At  New  Orleans  the  vehicle  will  be 
placed  aboard  a  barge  for  the  1100-mile 
trip  up  the  Mississippi,  Ohio,  and  Ten- 

nessee Rivers  to  the  Marshall  Center.  8 
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300  attend  symposium 

Lifting  Vehicle  Problems  Attacked 

Concepts  include  use  of  pre-stressed  pyrolytic 

graphite  in  nose  caps,  exploiting  plasma  sheath 

WIND-TUNNEL  model  of  Fairchild  Stratos  landable-disc  re-entry  vehicle. 

Philadelphia  —  The  post-^4po//o 
challenge  of  devising  lifting  vehicles  to 
enter  planetary  atmospheres  is  demand- 

ing research  as  new  and  strange  as  the 
environments  to  be  studied. 

One  major  result  is  that  inter-disci- 
pline attacks  are  being  mounted  against 

the  technical  problems  involved.  The 
first  organized  meeting  occurred  here 
last  week  at  the  "Symposium  on  Dy- 

namics of  Manned  Lifting  Planetary 
Entry,"  jointly  sponsored  by  the  Air Force  Office  of  Scientific  Research  and 
the  Space  Sciences  Laboratory  of  Gen- 

eral Electric  Co.  More  than  300  invited 
scientists  participated. 

•  Pre-stressed  pyrolytic  graphite — 
A  big  stride  forward  in  maintaining 
the  strength  of  a  nose  cap  of  a  re- 

entering vehicle  was  revealed  by  GE 
engineers  A.  M.  Garber  and  E.  J.  Nolan. 

The  concept,  called  "spectacular" by  many  in  the  audience,  involves 
manufacturing  boron-pyrolytic  graphite 
— a  highly  anisotropic  material — so  that 
it  emerges  in  a  pre-stressed  condition. 
Thus  the  thermal  stresses  caused  by 
the  re-entry  environment  will  oppose 
and  cancel,  in  part,  the  built-in  stresses; 
this  induces  decreasing  stresses  as  the 
vehicle  flies  through  its  trajectory. 

Hence,  the  boron-pyrolytic  graphite 
serves  two  purposes:  it  provides  a  heat 
shield,  and  it  maintains  structural  in- 
tegrity. 

The  authors  added  that  the  surface 
1  recession  resulting  from  the  oxidizing 

environment  can  be  of  the  order  of  one- 
tenth  that  of  conventional  graphites. 

•  Plasma  power  —  The  ionized 
plasma  sheath  surrounding  a  re-entering 
vehicle  might  possibly  be  used  to  gen- 

erate substantial  amounts  of  electricity. 
Such  power  could  be  used  to  help 
break  through  the  sheath  for  communi- 

cations purposes,  or  possibly  to  alter 
the  wake  of  the  body  sufficiently  to 
smear  its  military  signal. 

John  R.  Radbill,  North  American 
Aviation  scientist,  conceives  of  an  elec- 
trodeless  MHD  generator  interacting 
with  the  flow  outside  the  vehicle  and 
having  a  structure  similar  to  that  of  a 
conventional  induction  generator.  The 
windings  may  be  single-phase  or  poly- 

phase, and  the  frequency  several  kilo- watts. 
Radbill  said  tests  of  a  small  model 

yielded  electrical  outputs  of  three  to 
four  watts. 

•  Re-entry  shapes — Several  lifting 
re-entry  configurations  were  proposed. 

A  team  of  authors — M.  L.  Buck, 
B.  R.  Benson,  T.  R.  Sieran,  and  R.  D. 
Neumann — from  the  Air  Force  Aero- 

nautical Systems  Division  proposed  a 
glide  entry  vehicle  called  SORTIE,  an 
acronym  for  Super  Orbital  Re-entry 
Test  Integrated  Environment. 

The  vehicle  is  described  as  "a  modi- 
fied blunt  elliptical  cone"  that  could 

also  be  considered  as  "a  logical  exten- sion of  the  efforts  of  the  NASA  Mer- 
cury  and  Apollo  programs — for  the 

by  William  Beller 

next  logical  step  from  the  NASA  ve- 
hicles is  a  lifting  entry  type  of  vehicle." 

A  "flying  saucer"  re-entry  vehicle 
was  proposed  by  P.  A.  Giragosian  and 
W.  D.  Hoffman  of  Fairchild  Stratos. 

The  underside  of  the  "saucer,"  or  disc, 
is  the  heat  shield — similar  in  design  and 
function  to  the  blunt  face  of  the  Mer- 

cury or  Gemini  capsules. 
Transition  to  gliding  flight  is  made 

by  unfolding  control  surfaces  on  top 
and  to  the  rear  of  the  disc.  The  vehicle, 
flying  at  relatively  low  glide  angles,  is 
to  land  either  on  its  heat  shield  or  on 
retractable  skids. 

•  Venusian  atmosphere — New  in- 
formation about  the  temperatures  within 

the  atmosphere  of  Venus  was  disclosed 
by  Lewis  Kaplan,  chief  of  planetary 
studies  at  California  Institute  of  Tech- 
nology. 

He  said  a  recently  renewed  analysis 
of  Mt.  Wilson  spectrograms  made  30 
years  ago  indicates  two  peaks  in  the 
temperature  curve:  one  at  800°F  taken as  the  ground  temperature;  the  other 
at  100°F  taken  as  an  intermediate  cloud 
layer. 

These  results,  Kaplan  said,  augment 
more  recent  observations  made  through 
microwave  techniques  and  the  200-in. 
Mt.  Palomar  telescope.  The  emerging 
profile  of  Venusian  temperature  distri- 

bution: — 40°F  at  the  top  of  the  cloud 
layer;  temperature  increasing  as  altitude 
decreases;  average  cloud  temperature 

350°F. Kaplan  observed  that  the  strong 
greenhouse  effect  necessary  to  maintain 
the  planet's  high  surface  temperature 
probably  is  caused  by  clouds  of  con- 

densed hydrocarbons  together  with  the 
undoubtedly  large  amounts  of  carbon 
dioxide  present. 

"The  next  step  is  to  try  to  identify 
the  spectra  of  these  (hydrocarbon) 
molecules,"  Kaplan  said,  "and  we  are 
presently  engaged  in  such  a  search,  par- 

ticularly in  the  millimeter  region,  which 

has  not  yet  been  scanned." 
•  Transmitting  through  plasma — 

Five  possible  ways  to  communicate 
through  a  plasma  medium  were  out- 

lined by  M.  P.  Bachynski  and  G.  G. 
Cloutier,  of  RCA  Victor  Research  Lab- oratories. 

Using    very-high-frequency  radia- 
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Callery  fits  your  high  energy  needs 

with  these  three  high-performance  headliners 

Today's  missions  call  for  the  outstanding  performance  you  can 
achieve  with  Callery's  borane  fuels  and  NP  oxidizer.  For  technical 
data,  price  quotations  and  delivery  schedules  from  a  pound  to  tons, 
call,  wire  or  write:  Callery  Chemical  Company,  Defense  Products 
Department,  Callery,  Pennsylvania.  Evans  City  (Pa.)  3520.  Offices 
in  Washington,  D.C.,  Van  Nuys,  California;  and  Dayton,  Ohio. 

CALLERY  CHEMICAL  COMPANY 

Visit  Callery  at  Booth  422 

ARS  17th  Annual  Meeting 

Los  Angeles— Nov.  13-18 

The  free  world's  onjy  borane  fuel  capability 

tions.  The  choice  of  the  high  frequency 
to  employ  is  strongly  influenced  by  the 
expected  value  of  the  electron  density 
within  the  plasma  sheath  surrounding 
the  re-entering  vehicle. 

Another  factor,  equally  important,  is 
the  absorption  of  the  electromagnetic 
radiations  by  the  surrounding  planetary 
atmosphere  of  free  molecules  and  sus- 

pended particles.  These  are  oxygen  and 
water  vapor  in  the  Earth's  atmosphere. 

The  authors  say  that  although  air- 
to-ground  communications  by  high- 
frequency  emanations  may  not  be  feasi- 

ble because  of  oxygen  absorption,  air- 
to-air  communications  may  be  not  only 
possible  but  highly  desirable  from  the 
standpoint  of  added  security  for  astro- 
nauts. 

Low  frequency.  A  low-frequency 
emission  passing  through  the  plasma 
sheath  will  be  attenuated  by  an  amount 
that  can  be  calculated;  a  sufficiently 
powerful  signal  can  therefore  be  pushed through. 

The  only  other  consideration  is  "the bandwidth  of  the  information  the  low- 
frequency  signal  must  carry,  since  a 
lower-frequency  signal  of  necessity  im- 

plies a  narrower  bandwidth  of  possible 

information." Magnetic  fields.  When  a  magnetic 
field  is  present,  a  plasma  becomes 
"transparent"  to  certain  electromagnetic radiations. 

In  general,  however,  the  field 
strength  needed  is  relatively  high — 
more  than  several  hundred  gauss.  This 
means  the  power-supply  requirements 
may  become  overwhelming. 

The  authors  propose  using  super- 
conducting materials  to  help  generate 

the  needed  magnetic  field,  even  though 
there  may  be  problems  in  cooling  the 
alloys  to  superconducting  temperatures. 

Chemical  seeding.  The  electron 
density  of  a  plasma  sheath  can  be  modi- 

fied either  upward  or  downward  by 
appropriate  seeding  with  chemical  addi- 

tives. For  example,  one  way  to  decrease 
electron  density  is  to  change  the  elec- 

tron recombination  time. 
This  can  be  done  by  introducing 

water  vapor  into  the  plasma,  which,  in 
turn,  decreases  the  electron  density  and 
thus  reduces  the  attenuation  of  an  r-f 
signal  trying  to  get  through  the  plasma. 

Aerodynamic  effects.  Advantage  can 
be  taken  of  any  aerodynamic  phenom- 

enon that  can  decrease  the  temperature 
of  the  plasma,  thereby  decreasing  its  de- 

gree of  ionization,  the  electron  density 
and  the  attenuation  of  the  r-f  signal. 

Transpiration  cooling  may  be  one 
answer.  That  is,  forcing  an  evaporating 

fluid  through  pores  in  the  vehicle's  skin. Another  way  would  be  to  put  the 
receiving  or  transmitting  antenna  in 

low-temperature  spots  on  the  vehicle's 
body.  This  of  course  calls  for  consid- 

erable design  ingenuity.  8 
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An  idea  grows  from  one  mind  to  another. 

It  may  begin  with  nothing  important.  Just  a  word.  Or  a  notion.  But  as  each  succeeding  mind  brings  a  fresh  viewpoint,  the  idea begins  to  grow  and  mature. 

If  you  like  working  in  an  atmosphere  that  breeds  ideas,  you'll  like  working  at  Northrop.  Stimulating  minds  and  stimulating 
projects  are  all  a  part  of  the  climate  here.  We  have  more  than  70  active  projects  in  work,  and  we're  constantly  evaluating  new 
lines  of  inquiry.  Projects  range  from  space  guidance  and  navigation  to  automatic  checkout  equipment,  from  computer  design  and 
world-wide  communications  to  laminar  flow  control. 

On  the  following  pages  you'll  find  some  specific  positions  available  now  at  Northrop  Norair.  Look  them  over.  One  may  be just  the  spot  for  you. 

But  even  if  you  don't  find  your  specialty  listed  -  don't  go  away.  We  simply  don't  have  room  to  mention  all  the  opportunities 
to  be  found  throughout  Northrop's  several  divisions.  For  more  specific  information,  write  to  Dr.  yHPYUBflB 

AN  EQUAL  OPPORTUNITY  EMPLOYER Alexander  Weir  at  Northrop  Corp.,  Box  1525,  Beverly  Hills,  Calif.  You'll  receive  a  prompt  reply. 



LOCKHEED 

Aerospace  Traffic 
Control  Center 

Timetable:  1970's 
Will  command  centers  based  in  space  be 
an  outstanding  development  in  the  ten-year 
span  from  1967  to  1977? 
The  answer  at  Lockheed-California 

Company's  Spacecraft  Organization  is— 
Yes.  Proof:  the  Spacecraft  design  pictured 
here.  It  reflects  the  maturity  developed  in 
our  thinking  about  manned  space  systems. 
The  station— aerospace  traffic  control 

center  of  the  1970's — will  be  assembled  in 
orbit  in  a  series  of  pieces  brought  together 
by  rendezvous  techniques.  Included:  Com- 

mand center;  living  quarters;  maintenance 
station;  radar  and  infrared  sensing  devices; 
nuclear  power  supply;  communication  links 
with  the  earth  and  other  space  vehicles. 
As  now  planned,  12  people  will  man  the 
vehicle.  Theirtour  of  duty  will  be  measured 
in  weeks. 

For  four  years  Lockheed-California 
Spacecraft  has  concentrated  on  the  needs 
of  man  in  space.  Activities  embrace  all 
fields  pertaining  to  development  of  such 
complex  spacecraft,  as  well  as  related  sup- 

porting technologies:  Space  physics  (radia- 
tion hazards);  astrodynamics  (rendezvous); 

biophysics  (human  engineering);  metal- 
lurgy and  manufacturing  processes 

(materials  and  structures). 
Scientists  and  Engineers  of  outstanding 
talent  and  training  are  needed  to  develop 
the  new  Spacecraft  concepts  of  Lockheed- 
California  in  the  following  fields:  Digital 
Communications;  Antennas  and  Propaga- 

tion; Advanced  Systems  Planning;  Bio- 
astronautics  and  Space  Medicine;  RF 
Equipment;  Astrophysics;  Astrodynamics; 
Communications  Analysis;  Aerophysics; 
Tracing,  Telemetry,  Command  Engineer- 

ing; Weapons  Effects;  Operations  Research; 
Theoretical  Physics.  Write:  Mr.  E.  W.  Des 
Lauriers,  Manager,  Professional  Placement 
Staff,  Dept.  1711,  2404  N.  Hollywood  Way, 
Burbank,  California.  An  equal  opportunity 
employer. 

CALIFORNIA  COMPANY 
A  DIVISION  OF  LOCKHEED  AIRCRAFT  CORPORATION 
22 

Still  tougher  than  DOD  .  .  . 

NASA  Moves  to  Ease 

Policy  on  Patents 

RECENTLY  ANNOUNCED 
changes  in  NASA  patent  policy  could 
make  over  200  space  agency  patents 
available  to  U.S.  industry. 

The  changes  include  new  regula- 
tions under  which  industry  can  get  a 

lincense  to  use  NASA-owned  patents 
and  proposed  rules  under  which  NASA 
will  waive  its  right  to  patent  ownership. 

The  licensing  regulations,  which  be- 
came effective  on  Oct.  26,  provide  that 

NASA  will  offer  industry  companies 
revocable  non-exclusive,  royalty-free  li- 

censes to  use  for  two  years  patents 
which  it  owns. 

If,  after  two  years,  a  firm  holding 
a  license  does  not  work  the  patent, 
NASA  will  make  the  invention  avail- 

able to  other  firms  through  the  grant 
of  an  exclusive  license. 

The  regulations  also  guarantee  that 
the  firm  which  developed  the  patent 
under  a  NASA  contract  will  not  be 
deprived  of  its  right  to  use  it. 

The  proposed  waiver  rule  applies  to 
those  cases  in  which  NASA  decides  to 
give  up  its  right  to  the  title  of  a  patent 
to  the  firm  which  developed  it.  It  pro- 

vides that  if  the  patent  is  not  worked 
three  years  after  NASA  waives  its  own- 

ership rights,  the  space  agency  can 
grant  other  firms  non-exclusive,  royalty- 
free  licenses  to  use  it. 

•  List  to  grow — A  NASA  official 
estimated  that  well  over  200  patents 
will  be  affected  by  the  recent  changes. 
This  includes  50  patents  which  NASA 
now  owns  and  175  inventions  on  which 
NASA  has  applied  for  a  patent. 

The  number  is  expected  to  grow 

by  leaps  and  bounds  as  NASA's  re- search and  development  programs  ex- 
pand. For  example,  NASA  contractors 

have  discovered  1300  inventions  since 

the  space  agency's  inception — and  half of  these  have  come  in  the  last  year. 
Officials  said  that  NASA  will  probably 

apply  for  patents  on  25%  of  the  in- ventions. 
While  the  announced  and  proposed 

changes  liberalize  NASA  policy  to  a 
certain  extent,  they  are  still  far  more 
restrictive  than  the  patent  policy  sup- 

ported by  the  U.S.  missile/space  in- 
dustry. 

Under  the  Space  Act,  NASA  retains 

New  POGO  Concepf  Shown 
NINETEEN  experiments  will  be  aboard  the  first  Polar  Orbiting  Geophysical  Observatory 

(POGO),  which  NASA  plans  to  launch  early  in  1964.  The  spacecraft  will  test  Earth's magnetic  fields,  auroras,  and  cosmic  rays,  and  is  built  by  Space  Technology  Labs. 
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title  to  all  patents  developed  by  its 
contractors  unless  it  decides  to  waive 
its  ownership  rights. 

Industry  wants  NASA  to  switch  to 
the  Dept.  of  Defense  patent  policy, 
under  which  contractors  retain  owner- 

ship to  all  patents.  But  such  a  change 
in  NASA  policy  would  require  con- 

gressional action  and  is  not  likely  to 
come  in  the  near  future. 

The  licensing  regulations  are  a  lib- 
eralizing factor  because  they  increase 

the  number  of  firms  which  can  make 
use  of  NASA  patents. 

The  proposed  waiver  rule,  however, 
remains  restrictive.  The  current  rule  is 
that  NASA  must  wait  five  years  before 
it  can  license  other  firms  to  use  the 
patent  if  the  contractor  has  not  worked 
it.  The  proposed  rule  would  simply 
reduce  the  wait  to  three  years. 

NASA  will  hold  a  public  hearing  on 
Dec.  10  to  get  industry  views  on  the 
proposed  waiver  rule.  Firms  wishing  to 
make  oral  presentations  must  notify  the 
space  agency  by  Nov.  19. 

The  proposed  rule  provides  that  a 
prima  facie  case  for  waiver  of  title  may 
be  established  by  showing  that: 

—The  invention  is  in  a  field  of  tech- 
nology in  which  the  contractor  has  an 

established  commercial  interest  and  in 
which,  prior  to  such  contract,  it  had 
acquired  technical  competence  demon- 

strated by  factors  such  as  know-how 
and  patent  position;  or 

—Waiver  of  title  to  the  contractor 
would  be  an  effective  incentive  to  work 
the  invention  at  the  earliest  practicable 
date  because  of  the  substantial  expense 
or  investment  required  to  do  so;  or 

—The  invention  was  conceived  prior 
to  the  contract  of  the  Administration 
under  which  it  was  first  reduced  to 
practice  and  independently  of  any  other 
contract  of  the  Administration  and  is 
covered  by  a  United  States  patent  ap- 

plication filed  prior' to  the  contract. 
Waiver  of  the  title  will  not  ordinar- 
ily be  granted  in  the  following  cases: 
—Where  the  invention  is  in  a  field 

of  technology  in  which  there  has  been 
little  significant  prior  experience  outside 
of  work  funded  by  the  government  and 
the  acquisition  of  exclusive  rights  by 
the  contractor  might  lead  to  domination 
of  that  field. 

—Where  the  invention  constitutes 
an  end  item  which  is  likely  to  be  re- 

quired for  use  by  the  public  by  law  or 
governmental  regulation  in  furtherance 
of  the  public  health,  safety,  or  security. 

—Where  the  invention  has  primary 
utility  in  a  field  of  technology  in  which 
research  has  depended  to  a  major  de- 

gree upon  support  from  the  Govern- 
ment in  programs  designed  to  create, 

develop,  or  improve  goods  or  services 
intended  for  use  by  the  general  public.  tX 

Wanted:  Men  who  are  looking  for  trouble. 

Northrop  Norair  needs  men  who  question.  And  question.  And  question.  The  kind  of 
men  who  take  nothing  for  granted.  Who  search  out  every  flaw,  every  imperfection. 
Are  you  a  perfectionist?  If  so,  then  the  place  for  you  is  Norair.  The  following  aerospace 
positions  are  available  now: 

Propulsion.  Men  with  knowledge  of  the  fundamental  technologies  to  do  research  and 
development  on  solid,  liquid,  hybrid,  and  air-breathing  systems. 
Vehicle  dynamics  and  control.  For  research  and  development  in  aerodynamics  and 
flight  controls  as  applied  to  VTOL  vehicles,  space  trainer  aircraft,  and  six-degree-of- 
freedom  near-earth  trajectory  problems. 
Electromagnetics.  For  studies  in  energy  propagation  and  field  theory  pertinent  to 
such  areas  as  communications  antennas,  radar  cross-sections,  and  plasma  sheaths. 
Fluid  mechanics.  For  analyses  of  subsonic,  supersonic  and  hypersonic  flows. 
Communications.  To  conduct  analysis  and  integration  of  new  concepts  in  telemetry 
command,  detection,  and  tracking  systems. 
Experimental  aerodynamics.  To  work  with  a  group  that  will  support  theoretical  aero- 

dynamic research  with  experimental  approaches  and  will  initiate  experimental  research 
to  fill  voids  in  the  theoretical  techniques. 
Operations  research.  To  visualize  complete  weapons  systems,  and  apply  basic  knowl- 

edge to  new  and  diversified  problems. 
Guidance  and  controls.  To  conduct  study  and  analysis  of  sensors  and  computers. 
Systems  research.  To  work  on  systems  performance  optimization. 
Numerical  analysis.  To  develop  large-scale  numerical  procedures  for  aerodynamic 
design  and  flow  field  analysis. 
Avionics.  To  work  on  the  design,  development,  and  analysis  of  avionics  systems  for 
airborne  applications. 
Reliability.  To  assess  the  reliability  and  optimize  the  configuration  and  mission  pro- 

files of  space  systems. 
Chemical  research.  To  work  on  the  development  and  applications  of  structural 
adhesives  for  aerospace  vehicles. 
Metallurgical  research.  For  research  and  development  on  materials  and  joining. 

If  you'd  like  more  information  about  these  opportunities  and  others  that  may  be 
available,  write  to  Roy  L.  Pool,  Engineering  Center  Personnel  Office,  1001  East 
Broadway,  Hawthorne,  California. 

NORTHROP  NORAIR EQUAL  OPPORTUNITY  EMPLOYER 
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SAFE  NEST 

FOR  A 

BIG  BIRD 

Shock  isolation  system  by  Western  Geai 

cradles  the  Titan  II 

The  Titan  II  takes  it  easy  until  lift-off.  Then,  the  same 
system  which  cradles  it  against  shock  is  hardened  to 
withstand  the  thrust  of  firing.  ■  This  shock  isolation 
system,  built  by  Western  Gear  for  Martin  Company,  the 
aerospace  division  of  Martin  Marietta  Corporation,  is 

impressive  new  evidence  of  Western's  ever-expanding 
capabilities  in  missile  ground  support  equipment.  ■  The 
system  is  made  up  of  five  major  components:  the  spring 
suspension  strut  assembly,  ball  screw  jack  assembly,  vet 
tical  and  horizontal  dampers  and  the  thrust  ring.  ■  Othet 
contributions  from 
Western  Gear  to 
missile  ground  sup- 

port include:  ball 
screw  door  actuators; 

door  actuators;  Min- 
uteman  spring  can 

assemblies;  M-l  en- 
gine turbo  pumpand 

transmission  test  fa- 
cility; missile  erector 

launchers;  missile 
nozzles  and  turbo 

pump  drives;  Titan  I 
elevator  hoists;  Min- 
uteman  lightweight 
emplacement  hoist. 
■  Explore  further 

how  Western  Gear's 
missile  ground  sup- 

port capabilities  can 
serve  you.  ■  Write 
WESTERN  GEAR  COR- 

PORATION, Precision 

Products  Div.,  P.O. 
Box  192,  Lynwood, 
California.  Cable 
address  WESTGEAR, 

Lynwood,  California. 

COPYRIGHT  1962  WESTERN  GEAR  CORPORATIO 
Circle  No.  7  on  Subscriber  Service  Cord 
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Current  status  of  U.  S.  missile  and  space  programs  plus  all  orbiting  satellites 

Missiles 

PROJECT CONTRACTORS DESCRIPTION STATUS 

ALFA  (Navy) Navy,  prime;  Avco,  air  frame ASW  surface-to-underwater;  weight — 500 
lbs.;  solid  motor;  conventional  HE  depth 
charge;  free-flight  rocket;  variable  range 
(max.  about  900  yds.) 

Operational;  deployed  on  destroyers  and 
cruisers 

ASROC  (Navy) Minneapolis-Honeywell,  prime;  Sangamo 
Electric,  sonar;  torpedo,  GE;  Librascope- 
General  Precision,  fire  control 

ASW  surface-to-underwater;  solid  motor; 
nuclear  or  conventional  warhead,  range 
about  8  miles;  launch  weight:  1000  lbs.; 
unguided 

Operational  on  destroyers,  destroyer  es- 
corts, heavy  cruisers  and  guided  missile 

frigates.  Advanced  ASROC  (improved  Mark 
44  torpedo)  under  development 

A5TOR  (Navy) Westinghouse,  prime Mark  45  ASW  underwater  to  underwater 
wire-guided  torpedo;  nuclear  or  conven- 

tional; range,  about  11  n.  m.;  solid 

Development;  to  be  deployed  on  hunter- 
killer  submarines 

★  ATLAS  (Air 
Force) STL,  systems  engineering  &  technical 

direction;  GD/ Astronautics,  frame;  GE/ 
Burroughs,  Arma,  guidance;  Rocketdyne, 
propulsion;  GE/Avco,  re-entry  vehicle; 
Acoustica,  propellant  utilization,  propellant 
loading,  A.  D.  Little  Co. 

ICBM;  5500-to-9000  mile  range;  liquid; 
nuclear;  ATLAS  "E"  and  "F"  series  have 
inertia  1  guidance;  earlier  ATLAS  "D"  has 
radio  inertial;  proposed  ATLAS  "G" would  have  900,000-lb.  thrust  and  4000-lb. 
payload  capability 

Operational;  13  squadrons  planned  at  11 
bases;  already  em  placed  at  Vandenberg, 
Warren,  Offutt,  Fairchild  and  Forbes;  total 
of  54  launchers  operational,  ATLAS  F  op- 

erational; Atlas  Standard  Launch  Vehicle- 
Ill  to  be  developed  for  AF  space  programs 

BOMARC  IM- 
99A  (Air  Force) Boeing,  prime;  IBM/Westinghouse,  guid- 

ance; Aerojet/Marquardt,  propulsion 
Ramjet  surface-to-air  interceptor;  liquid 
booster;  200  n.  m.  range;  Mach  2.5;  nu- 

clear; ceiling,  over  68,000 

Five  bases  operational  in  Northeastern  U.S. 
from  Virginia  to  Maine,  production  com- 

pleted BOMARC  IM- 
99B  (Air  Force) 

Boeing,  prime;  Kearfott/Westinghouse,  IBM 
guidance;  Thiokol/Morquardt,  propulsion 

Ramjet,  surface-to-air;  solid  booster;  Mach 
2.7;  more  than  400  m.  range;  nuclear,-  pro- 

duction completed 

First  base  operational  May,  1961  two  more 
planned;  A-squadrons  will  be  strengthened 
with  advanced  B  model;  production  com- 

pleted 
BULLPUP  GAM- 
83A,  ASM-N-7A 
(Navy-Air  Force) 

Martin,  prime;  Martin,  guidance;  Thiokol/ 
Naval  Propellant  Plant,  propulsion;  Maxson, 
second-source  prime 

Air-to-surface;  3-6  mile  range;  radio-link 
command  guidance  (visual  reference);  con- 

ventional 250-1 000-lb.  bomb;  BULLPUP  B: 
nuclear  warhead  and  1  pre-packaged  liquid 
motor;  nuclear- tipped  nearly  operational 

Deployed  with  Atlantic  and  Pacific  Fleets; 
operational  with  Air  Force  units.  Marines 
tested  launching  BULLPUP  from  helicopters 

★corporal 
(Army) Firestone,  prime;  Gilfillan  Bros.,  Inc.,  guid- 

ance; Ryan,  propulsion 
Surface-to-surface;  75  n.  mi.  range;  weight, 
11,000  lbs.;  length,  45  ft.;  diameter,  30  in.; 
liquid;  nuclear;  pre-set  &  command  guid- 

Deployed  with  U.S.  &  NATO  troops  in 
Europe.  SERGEANT  to  replace  CORPORAL 
beginning  in  early  1963 

DAVY  CROCK- 
ETT M-388 

(Army) 
In-house  project  directed  by  Army  Weap- ons  Command  ot  Rock  Island,  III. 

Surface  to  surface;  solid;  bazooka 
launched;  sub-kilo  ton  nuclear  warhead;  two 
launchers:  vehicle  mounted  or  carried  by 
two  men 

Operational  in  Europe;  FY  '63  budget  funds provide  for  procurement  of  majority  of 
inventory  objective 

ENTAC  (Army) Nord  Aviation,  prime Antitank;  6600-ft.  range;  37  lbs.;  solid; 
shaped  charge  HE  warhead;  wire-guided; 
man-portable 

Operational;  Army  buying  from  French  in 
quantity  to  replace  SS-10 

FABMDS  (Army) GD/ Astronautics,  Hughes,  Martin,  GE,  Ray- 
theon, Sylvan  ia — feasibility  studies 

Mobile  antimissile  defense  system  to  pro- 
vide an  effective  defense  of  the  field  army 

against  enemy  ballistic  missiles 
Air-to-air;  5  n.  mi.  range;  supersonic; 
solid;  conventional;  1,  ID  and  3 A,  active 
radar  homing  guidance;  2,  2A  and  4A,  IR 
homing;  GAR-11  model  has  nuclear  war- 

head and  hybrid  IR  radar  homing 

Feasibility  studies  submitted  to  ARGMA 
last  year;  evaluated  by  experts;  future  in 
doubt  due  to  DOD  dissatisfaction 

★falcon  gar- 
1,  ID,  2,  2A, 
3A,  4A,  9,  1 1 
(Air  Force) 

Hughes,  prime;  Hughes,  guidance;  Thiokol, 
propulsion;    Lockheed    Propulsion,  GAR-9 
propulsion 

Operational;  buy-out  of  GAR  3A,  4A  and 
11  in  FY  '62;  GAR  9  under  minimum  effort development 

★GENIE  MB- 1 
(Air  Force) Douglas,  prime;  Aerojet-General,  propul- 

sion 
Air-to-air;  unguided;  6-mile  range;  nuclear; 
solid  rocket;  supersonic;  proximity  fuzing 

Operational  on  F-101B  &  F-106;  improved version  under  development 

HAAW  (Army) AOMC,  prime No  details;  Heavy  antitank/assault  weapon Development;  funds  in  FY  '63  budget 
★HAWK  (Army) Raytheon,  prime;  Raytheon,  guidance; 

Aerojet-General,  propulsion 
Surface-to-air;  22-mile  range;  100-38,000 
ft.  ceiling;  launch  wt.,   1275  lb.;  length, 
16.8  ft.;  diameter,  14  in.;  span,  48  in.; 
solid;  conventional;  provides  defense 
against  medium  and  law-flying  aircraft  and 
cruise-type  missiles 

Operational;  deployed  in  Europe,  Panama, 
Okinawa,  U.S.  (1 3  battalions);  '63  pro- curement will  essentially  complete  deploy- 

ment objective;  Marines  also  employing 
system;  U.S.  to  sell  a  number  of  HAWKS to  Israel 

HONEST  JOHN 
M-50  (Army) 

Douglas/Emerson  Electric,  prime;  Hercules, 
propulsion 

Surface-to-surface;  unguided;  1  2- mile 
range;  nuclear;  5900  lbs.;  ADVANCED 
HONEST  JOHN  has  increased  performance, 
lighter  and  smaller;  also  developed  a 
lighter- weight  mobile  launcher  and  an 
air-transportable  launcher 

Operational;  deployed  in  Europe;  to  be 
replaced  by  MISSILE  B 

*  Indicates  changes  since  September  1962  Astrolog 
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HOUND  DOG 
GAM-77  (Air Force) 

North  American,  prime;  Autonetics,  guid- 
ance;  Pratt    and    Whitney,  propulsion 

Air  breaihing  air-to-surface  standoff  mis- 
sile; about  600  n.-mi.  range;  Mach  1.7; 

turbojet  nuclear  B  version  in  production, 
ceiling  in  excess  of  50,000  ft. 

Operational;  to  be  launched  from  B-52G intercontinental  bombers;  stockpile  expected 
to  exceed  400;  after  SKYBOLT  is  opera- 

tional, no.  of  missiles  on  a  single  B-52 will  be  increased  from  two  to  four 

JUPITER  SM  78 
(Air  Force} 

Chrysler,  prime;  Sperry  Farragut,  guidance; 
Rocket  dyne,  propulsion;  Goodyear/CTL,  re- 
enfry  vehicle 

IRBM;  liquid;  nuclear  range:  over  1500  mi.; 
guidance:  alf-inertial 

Operational  in  Italy;  2  squadrons  (30 
launchers)  with  Italian  AF;  one  squadron 
also  deployed  in  Turkey 

★  LACROSSE 
(Army) 

Martin,  prime;  Martin  /  Federal  Div.  ITT, 
guidance;  Thiokol,  propulsion 

Surface-to-surface;  mobile;  command  guid- 
ance; 20-mile  range;  solid;  nuclear;  weight, 

2300  lbs.;  length,  19  ft.;  diameter,  20y2 
in.;  wing  span,  108  in. 

Operational;  three  units  in  Europe;  eight 
activated;  to   be   replaced    by  MISSILE  B 

LITTLE  JOHN 
(Army) 

Emerson  Electric,  prime;  Hercules  Powder, 
propulsion 

Surface-to-surface  unguided;  10-mile  range; 
solid;  nuclear;  supplements  medium  and 
heavy  artillery  in  airborne  divisions  and 
air-transportable  commands 

Two  battalions  activated  in  '61 ;  each 
equipped  with  four  launchers;  air  and  heli- 

copter transportable 

M72  (Army) Hesse-Eastern  Div.,  Flightex  Fabrics,  prime Light  antitank  rocket;  carrier  tube  launcher; 
4.5  lbs.;  25  in.  long/3  in.  diameter;  range 
500  yd.;  replaces  3.5  in.  rocket  launcher 
and  rifle  grenade;  earlier  called  LAW 

Operational 

MACE  TM-76 
A&B  (Air  Force) 

Martin,  prime;  Goodyear/AC  Spark  Plug, 
guidance;  Thiokol /Alii  son,  propulsion 

Air-breathing  surface-to-surface;  more  than 
650-mile  range;  turbojet  and  solid-nuclear; 
B  model  has  more  than  1 200  mile  range; 
inertial  guidance  in  MACE  B 

Two  MACE- A  and  one  MACE-B  squadron 
deployed  with  U.S.  troops  in  West  Ger- 

many; hardened  facilities  under  construc- tion in  Germany;  to  be  in  Okinawa,  Korea; 
replaced  MATADOR  in  U.S.  arsenal 

MATADOR  TM 
61  C  (Air  Force) 

Martin,  prime;  Air  Force,  guidance;  Thio- 
kot  Allison,  propulsion 

Air-breathing  surface-to-surface;  500  mile 
range;  speed,  about  650  mph;  ceiling above  35,000  ft. 

Being  turned  over  to  West  Germans;  also 
deployed  in  Korea  and  on  Taiwan 

■^-MAULER  (Army) GD/Pomona,  prime;  Hughes,  guidance; 
Lockheed,  propulsion;  deHaviland,  IR  ac- 

quisition; Raytheon,  radar;  Burroughs,  com- 
puter; FMC,  vehicle 

Surface-to-air;  IR  acquisition;  solid;  weight, 
1 20  lbs.;  length,  6  ft.;  diameter,  5  in.; 
highly  mobile  antiaircraft  and  antimissile 
missile;  tracked  vehicle;   1 2   per  launcher 

Development;  NATO  may  buy;  program  to 
be  accelerated  in  FY  '63;  Navy  planning SEA  MAULER  for  landing  craft 

★mobile  me- dium-range 
ballistic 
MISSILE  (Air 
Force) 

Program  Definition  Phase:  Hughes  &  North- 
rop, integration,  assembly  and  checkout; 

Ford  Aeronutronic/Fairchild  Stratos  & 
Sperry  Rand,  re-entry  system;  Thiokol,  pro- 

pulsion; Goodyear  Aircraft,  transporter- 
launcher-erector;  Hughes  and  Martin  in 
association  with  Sylvania  Electronic  Prod- 

ucts, command  and  control;  General  Pre- 
cision, guidance 

Two- stage,  solid  propellant,  stella r- inert ial 
guidance;  entire  system  contained  in  one 
mobile  vehicle;  range:  300-1500  miles 

State-of-art  missile  to  be  developed  in 
shortest  possible  time;  to  be  deployed  in 
Europe  and  Far  East.  Complex  political 
questions  of  control  and  development  fund- ing within  NATO  delaying  program 

★minuteman 
SM-80  (Air Force) 

STL,  systems  engineering  and  technical  di- 
rection; Boeing,  major  contractor;  Auto- 

netics,  guidance;  Thiokol,  propulsion  first 
stage;  Aerojet,  propulsion  second  stage; 
Hercules,  third  stage;  Avco,  re-entry  vehicle 

2nd  generation  ICBM;  solid;  deployed  in 
hardened  and  dispersed  silos;  32  sec.  re- 

action time;  nuclear;  3  stages;  range:  over 
5000  miles;  guidance,  all-inert  ial;  ad- 

vanced Ml  NUT  EM  AN  with  greater  range- 
payload  and  new  re-entry  vehicle  under development 

Development;  initial  procurement  late  this 
year;  to  be  operational  mid-1962  at  Malm- strom  AFB;  3  squadrons  at  Malmstrom, 
Mont.;  Ellsworth,  S.  D.;  Whileman,  Mo.;  Mi- 
not,  N.  D.,-  16  squadrons  through  FY  '63, more  later;  mobile  version  killed;  advanced 
version  to  be  fired  from  mobile  command 
posts;  expected  operational  1965-66. 

M-55  (Army) Norris  Thermador,  prime Four- inch  diameter,  small,  short-range 
rockets;  for  delivery  of  chemical  agents;  to 
be  fired  from  45-tube  launchers 

Operational  both  in  U,S.  and  overseas 

★missile  b 
(Army) 

Program  Definition  Contracts:  Chrysler  and 
Chance  Vought  Div.,  Ling-Temco-Vought 

A  highly-mobile  general-purpose  missile; 
range  3-30  miles;  Automet  guidance;  one 
missile  per  launcher;  nuclear  or  conven- 

tional warhead;  storable  propellants 

Funds  available  in  FY  '63  budget  for  initial 
development;  eventually  will  replace  HON- EST JOHN  and  LACROSSE;  division  support 
weapon.  Contract  for  development  prob- 

ably will  be  awarded  in  November;  pro- 
gram definition  studies  submitted  Oct.  22 

NIKE-AJAX 
(Army) 

Western  Electric,  prime;  Western  Electric, 
guidance;  Thiokol,  propulsion;  Douglas, airframe 

Surface-to-air;  25-mile  range;  ceiling,  60,- 
000  ft,;  command  guidance;  Mach  2.5; 
solid  and  liquid;  conventional 

Deployed  in  U.S.,  Europe  and  Far  East; 
1 9  battalions  still  operated  by  National 
Guard  are  gradually  being  phased  out 

★NIKE-HER- CULES (Army) 
Western  Electric,  prime;  Western  Electric, 
guidance;  Hercules  and  Thiokol,  propulsion,- 
Douglas,  airframe 

Surface-to-air;  75-mile  range;  ceiling,  in 
excess  of  1 50,000  ft.;  solid;  command 
guidance;  Mach  3  +  ;  nuclear  or  conven- 

tional; antiaircraft,  tactical  missiles;  weight, 
1 0,000  lbs.  {missile  &  booster);  length,  39 
ft.;  diameter,  3 1  V2  'n- 

Rapidly  replacing  NIKE-AJAX;  well  over  80 
batteries  deployed  in  U.S.;  increasing  num- 

ber to  be  manned  by  Army  National  Guard 
units;  more  than  1 0  N-H  batteries  were 
deployed  overseas  in  1961;  N-H  on  Taiwan 

★  NIKE-ZEUS 
(Army) Western    Electric,    prime;   Bell  Telephone, 

guidance;    Thiokol/Lockheed,  propulsion; 
Douglas,  airframe 

Antimissile  missile;  3-stage;  200-mile  range; 
solid;  nuclear;  command  guidance;  weight, 
22,800  lbs.;  length,  48  ft.;  diameter,  36 
ins.;  fin  span,  10  ft. 

Advanced  development  test  launchings  at 
White  Sands  and  Pt.  Mugu;  complete  sys- 

tem tests  at  Kwajalein  against  ATLAS  tar- 
get vehicles  have  begun;  one  successful 

intercept  announced  July  19;  earlier  try 
"not  completely  successful" 

★  PERSHING 
(Army) Martin,  prime;  Bendix,  guidance;  Thiokol, 

propulsion 
Surface-to-surface;  two-stage  solid;  inertia! 
guidance;  approx.  400  n.  mile  range;  nu- 

clear,- transported  on  FMC  XM474  tracked 
vehicle;  proposed  PERSHING  II  would  have 1000-mile  range 

Flight  test  program  nearing  completion; 
to  replace  REDSTONE.  Procurement  to 
begin  this  year;  W.  Germany  buying;  first 
battalion  activated  in  June 
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★POLARIS 
(Navy) 

Lockheed,  prime;  GE/MIT/Hughes,  guid- 
ance and  fire  control;  Aerojet-General, 

propulsion;  Lockheed,  re-entry  vehicle; 
Nortronics,  checkout;  Autonetics/ Sperry, 
SINS 

Underwater   and    surface-to-surface;  solid; 
1200-n.-mi.  range;  A-1  aboard  first  six  sub- 

marines; nuclear;  A-2  (1500  n.-mi.)  aboard 
submarines  7-19;  A-3  (2500  n.-mi.)  aboard 
20lh   and   subsequent  subs;   possible  A-4 
4000-5000  mi.  missile  under  study.  Total 
authorized    POLARIS    submarine  program: 
35,  six  being  added  FY  "63,  with  long-lead- time  items  for  six  more 

Six  subs  each  with  16  missiles  operational. 
A-2  scheduled  to  be  operational  in  1962; 
A-3  in  1964;  SSBN  Hamilton — first  FBM 
sub  equipped  to  use  TRANSIT  navigational 
satellite — launched  in  August;  three  A-3 
flight  tests  conducted 

QUAIL  GAM- 
72  (Air  Force) 

McDonnell,  prime;  Guidance  Technology, 
Inc.,  guidance;  GE,  propulsion;  Ramo-Wool- 
dridge,  ECM  equipment 

ECM-carrying  decoy;  about  200  m.  range; 
turbojet  powered  advanced  version  with 
400  mile  range  has  been  flight  tested 

Deployed  at  SAC  bases;  carried  by  B-52; 
procurement  completed  FY  '61 

★  REDEYE  (Army) GD/Pomona,  prime;  Philco,  IR  seeker;  At- 
lantic Research,  propulsion 

Surface-to-air;  4-foot,  22-lb.  bazooka-type; 
IR  homing  guidance;  solid;  conventional; 
length,  44  in.;  diameter,  2.75  in.;  con- 

tainer-launcher disposable 

Development;  plans  for  full  production 
modified  because  of  unsatisfactory  tests; 
limited  numbers  will  be  procured  in  both 
FY  '63  and  '63;  Marines  also  buying 

REDSTONE 
(Army) 

Chrysler,  prime;  Sperry  Farragut,  guidance; 
Rocketdyne,  propulsion 

Surface-to-surface;  liquid;  200-mile  range; 
inertiol  guidance;  nuclear;  weight,  62,000 
lbs.;  length,  70  ft.;  diameter,  70  in. 

Deployed  with  U.S.  troops  in  Europe;  to  be 
replaced  by  PERSHING;  used  in  Project MERCURY   suborbital  flights 

REGULUS  1 
SSM-N-8 
(Navy) 

Ling-Temco-Vought,  prime;  Sperry,  guid- 
ance?  Aerojet-General,  propulsion 

Surface-to-surface;  turbojet  and  solid;  500- 
n.-mi.  range;  speed,  about  600  mph;  ceil- 

ing, approx.  40,000  ft.;  nuclear 

Deployed  aboard  5  U.S.  submarines  and  2 
cruisers;  KDU-1:  drone  version;  modern- 

ization program  initiated  during  FY  '61 to  retrofit  missiles  with  airborne  guidance; 
retrofit  to  be  completed  by  end  of  FY  '62 

★SERGEANT 
(Army) 

Sperry  Utah,  prime;  Sperry,  guidance;  Thio- 
kol,  propulsion 

Surface-to-surface;  solid;  over  75  n.  mi. 
range;  nuclear;  inertial  guidance  uses  drag 
brakes  in  terminal  phase  of  flight;  10,000 
lbs.;  34.5  ft.  long;  31  in.  dia. 

In    production;    procurement,    except  for 
training  missiles,  to  be  completed  during 
f  FY  '63;  will  replace  CORPORAL;  deploy- ment in  Europe  in  early  1963 

★  SHILLELAGH 
(Army) 

Ford  Aeronutronic,  prime;  Picatinny  Arse- 
nal/Amoco Chemicals  Corp.,  propulsion; 

Aeronutronic,  guidance 

Surface-to-surface;  lightweight;  vehicle- 
mounted  for  use  against  field  fortifications, 
armor  and  close-in  support  of  troops 

Development;  competition  with  TOW  may 
affect  future  of  program;  testing  under 
way  at  White  Sands 

SHRIKE 
(Navy) 

NOTS-China  Lake,  prime;  Texas  Instru- 
ments, guidance 

Air-to-surface;  anti-radar;  guidance,  passive 
radar  homing;  solid  motor;  formerly  ARM 

Development;  first  production  buy  in  FY  '63 budget 

SIDEWINDER 
(GAR-8) 
(Navy- Air  Force) 

GE-Philco,  prime;  Philco/GE,  guidance; 
Naval  Propellant  Plant,  propulsion 

Air-to-air;  IR  guidance;  more  than  2  m. 
range;  conventional;  new  1-C  models  to 
have  switchable  IR  and  radar-guided  war- 

heads and  improved  rocket  motor 

Deployed  with  Navy  and  Air  Force;  all- 
weather  type  under  development;  delivery 
of  1-C  version  to  start  early  in  this  calendar 

year 

★  SKYBOLT 
GAM-87 
(Air  Force) 

Douglas,  prime;  Nortronics,  guidance;  Aero- 
jet, propulsion;  GE,  re-entry  vehicle;  A.  V. 

Roe  Co.,  Vulcan  compatibility  testing 

ALBM;  more  than  1 000-mile  range;  solid; 
length,  40  ft.;  nuclear;  to  be  launched 
from  B-52  G  and  H  and  British  Vulcan 
bombers;  B-52s  will  carry  4  each 

Development;  to  be  bought  by  British;  oper- 
ational 1964;  air  drops  from  B-52  and  Vul- 

can successful;  1st  R&D  flight  partly  success- 
ful; 2nd,  3rd  failures;  4th,  "95%  successful" 

^SLAM  (Air 
Force) Ling-Temco-Vought,  vehicles;  Atomics  Inter- 

national Div.,  NAA/Lawrence  Radiation 
Labs,  reactor;  Marquardt,  propulsion 

Surface-to-surface;  low-altitude;  supersonic- 
nuclear  ramjet;  designed  to  conduct  long 
aerial  patrols  at  speeds  up  to  2000  mph 

Propulsion  system  being  developed  under 
project  PLUTO;  feasibility  proven  by  highly 
successful  TORY  reactor  tests;  no  firm  AF 
requirement;  Navy  interested;  DOD  deci- 

sion whether  to  continue  due  this  month 

SPARROW  III 
AAM-N-6A 
(Navy) 

Raytheon,  prime;  Raytheon,  guidance;  Aero- 
jet-General, propulsion 

Air-to-air  5-8  mile  range;  Mach  2.5-3; 
ceiling,  over  50,000  ft.;  semi-active,  CW 
homing,  guidance;  solid  and  pre-packaged 
liquid;  conventional 

Operational  with  carrier  aircraft,  earlier 
SPARROW  1  obsolete;  production  begun  on 
advanced  version  (SPARROW  III  B)  to  be 
prime  armament  for  F4H-1  interceptor; 
F3H-2  Demon  also  to  carry  III  B — presently 
equipped  with  SPARROW  111  and  III  A; 
on  Aug.  7,  SPARROW  III  intercepted 
REGULUS  RDU-1  drone 

SUBROC 
(Navy) 

Goodyear,  prime;  Kearfott,  guidance;  Thio- 
kol,  propulsion;  Librascope-General  Pre- 

cision, fire  control 

Underwater  or  surface-to-underwater  anti- 
submarine missile;  25-30  mile  range;  solid; nuclear 

Operational  aboard  nuclear-powered  attack 
sub  Thresher;  reportedly  entire  system  was 
tested  as  part  of  current  U.S.  nuclear  tests 

SS-10  (Army) Nord  Aviation,  prime;  GE,  U.S.  licensee Surface-to-surface;  primarily  antitank;  1600- 
yards  range;  33  lbs.  solid;  wire  guided; 
conventional 

Operational  with  U.S.,  French  and  other 
NATO  and  Western  units;  battle-tested  in 
North  Africa;  U.S.  replacing  with  ENTAC 

5S-11  (Army) Nord  Aviation,  prime;  GE,  U.S.  licensee Surface-to-surface;  antitank;  also  helicop- 
ter-to-surface; 3800-yard  range;  63  lbs; 

wire  guided;  conventional 

Operational,  to  be  used  with  airborne  units 
and  Army  helicopters 

TALOS  (Navy) Vitro,  systems  engineering;  Bendix,  prime; 
Bendix,  McDonnell,  Allegany  Ballistics  Lab., 
propulsion,-  Sperry,  guidance 

Ship-to-air;  65-mile  range;  solid  and  ram- 
jet; Mach  2.5;  nuclear;  radar  beam  riding/ 

semi-active  homing  guidance 

Operational  aboard  cruisers  Galveston, 
Oklahoma  City  and  three  heavy  cruisers; 
Long  Beach,  first  nuclear-powered  missile 
cruiser,  to  carry  advanced  TALOS 

★tartar 
(Navy) 

Vitro,  systems  engineering;  GD/Pomona, 
prime;  Raytheon,  guidance;  Aerojet-Gen- 

eral, propulsion 

Ship-to-air;  10-mile  range;  Mach  2;  15  feet 
long  and  1  foot  in  diameter;  radar  beam- 
riding  guidance;  solid  dual-thrust  motor; conventional 

Operational;  installed   aboard   13  guided 
missile  destroyers  and  as  backup  on  heavy 
cruisers  equipped  with   TALOS;  advanced 
version  available  in  1962 

TERNE  (Navy) Kongsberg  Vapenfabrikk,  prime;  Arma, 
systems  integration 

Surface-to-underwater  ASW  missile;  264 
lbs;  HE  warhead 

Navy  buying  from  Norway  to  equip  two 
destroyer  escorts 

★terrier 
SAM-N-7 
(Navy) 

Vitro,  systems  engineering;  GD/Pomona, 
prime;  GD/Pomona,  guidance  section; 
Sperry,  radar;  ABL,  propulsion 

Ship-to-air;  10-mile  range;  Mach  2.5; 
27  feet  long;  solid;  conventional;  2  ad- 

vanced versions  now  becoming  opera- 
tional; also  surface-to-surface  capability 

Operational  aboard  one  attack  carrier 
(Kitty  Hawk),  one  light  cruiser  (Springfield) 
and  six  guided  missile  frigates. 
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THOR  SM-75 
(Air  Force) 

Douglas,  prime;  AC  Spark  Plug,  guidance,- 
Rockefdyne,  propulsion,-  GE,  re-entry  vehicle 

Surface-to-surface  IRBM;  1500-mile  range; 
liquid;  nuclear  guidance,  all  inertial 

Operational;  4  bases  (60  launchers)  in  Eng- 
land   to    be    closed    by  British 

■ft-TITAN  SM-68 
(Air  Force) 

STL,  systems  engineering  and  technical 
direction;  Martin,  prime;  Bell  /Sperry, 
TITAN  1  guidance;  AC  Spark  Plug,  TITAN 
II  guidance;  Aerojet-General,  propulsion; 
Avco,  TITAN  1  re-entry  vehicle;  GE,  TITAN 
1 1   re-entry  vehicle 

Surface-to-surface  ICBM;  5000-mile  range; 
liquid;  90  feet  long;  nuclear;  TITAN  1  burns 
LOX-Kerosene;  TITAN  II  has  storable  pro- 
pellants,  inertial  guidance,  bigger  payload, 
greater  range,  115  ft.  long;  TITAN  11  to  be 
used  os  basic  core  vehicle  for  TITAN  III 
space  booster 

8  bases  for  12  squadrons  planned;  TITAN  1 
squadron  at  Lowry  AFB  declared  opera- 

tional in  April;  TITAN  II  scheduled  opera- 
tional early  1963;  TITAN  II  undergoing 

flight  test;  TITAN  II  will  also  be  used  for GEMINI  program 

-frTOW  (Army) Hughes,  prime Tube-launched,  optically  tracked,  wire 
guided,  HE  warhead 

Follow-on  to  ENTAC;  Hughes  won  feasibility 
demonstration  with  a  reported  8000  fps 
missile;  may  be  competing  with  SHILLELAGH 

^TYPHON 
(Navy) 

Bendix,  GD/ Pomona,  missile  and  missile 
electronics;  Westing  house,  weapons  direc- 

tion system  and  radar;  McDonnell,  propul- sion 

Medium  and  long  range  seagoing  anti- 
aircraft and  antimissile  missiles  with  offen- 

sive capability  against  surface  ships  and 
shore  targets;  formerly  called  SUPER  TAR- basic   core  vehicle   for  TITAN   III  booster 

Development;  successor  for  TALOS,  TARTAR 
and  TERRIER;  expense  of  system  may  delay 
deployment.  Norton  Sound  is  being  con- 

verted; and  a  nuclear  powered  frigate  is 
being  built  for  the  system 

ZtlNI  (Navy) Naval  Ordnance  Test  Station,  prime; 
Hunter- Douglas,  propulsion 

5-inch,  air- to- surface;  solid;  unguided;  5 
n.-mi.  range  conventional 

Operational;  designed  for  use  on  jet 
fighter  and  attack  aircraft 

Satellites  and  Spacecraft 

★  ANNA  (Army, 
Navy,  AF, 
NASA) 

Bureau  of  Naval  Weapons  Applied  Physics 
Lab,  prime;  AF  Electronics  Systems  Div./ 
Edgerton,  Germeshousen  &  Grier,  flash 
lube  experiment;  Army  Engineers /  Cubic 
Corp.,  CW  transmitter 

Geodetic  satellite;  600-mi.  orbit;  36-in 
aluminum  sphere  (with  solar  cell  belt,  48 
in.);  weighs  355  lbs.;  boosted  by  THOR- 
ABLE  STAR;  2  sets  of  xenon  flash  tubes  pro- 

duce series  of  5  light  flashes  about  20 
times  a  day  as  triangulation  point;  trans- 

mitter provides  range  determination 
through  Doppler  shift  observations 

Development;  first  launch  failed  May  1 0; 
second  launch  planned  Oct.  31 ;  future  of 
ANNA  depends  on  success  of  launch;  nei- 

ther Navy  nor  NASA  appears  ready  to 
fund  future  program 

AEROS  (NASA) No  contract  announced 24-hour  weather  sot  el  lite  earth  stabilized; 
TV  cameras  with  variable  focus;  may  use 
SNAP-50  for  power;  booster,  ATLAS- 
AGENA  or  CENTAUR 

Study  contract  award  next  two  months.  First 
flights  would  be  in  1964  or  1965;  devel- 

opment of  prototype  hardware,  including 
TV  cameras,  to  be  accelerated  in  FY  '63 

★  APOLLO 
(NASA) 

North  American,  Command  &  Mission 
Modules,  systems  integ'ation;  MIT,  guidance 
development;  tele-communications,  Collins 
Radio;  stabilization  &  control,  Minneapolis- 
Honeywell;  environmental  control,  A  i  Re- 

search; parachute  recovery,  Radioplane; 
e scape  tower  rocket,  Lockheed  Propulsion 
Co.;  Reaction  controls,  Marquardt;  Real- 

time computer  complex,  IBM 

Three- man  spacecraft  for  earth  orbital, 
lunar  orbital  and  lunar  landing  missions. 
Boosters:  SATURN  and  SATURN  C-1B  for 
earth  orbits;  Advanced  SATURN  (C-5)  for 
lunar  rendezvous;  NOVA  for  direct  flight. 
3-modu!ar  spacecraft:  command  module,  5 
tons,  12  ft.  high;  service  module,  23  tons, 
23  ft.  high;  lunar  excursion  vehicle,  15 
tons,  20  ft.  high;  total  weight:  85,000  lbs. 

Earth  orbital  shots  scheduled  1964-65;  lunar 
orbits  1966;  lunar  landing,  1967-68.  Mis- 

sion profile,  lunar  orbit  rendezvous  selected 
in  early  July;  1 1  firms  asked  to  submit  bids 
for  development  of  lunar  excursion  vehicle; 
contract  for  LEM  expected  early  this  month 

ARENTS  (ARPA) GD  Astronautics,  prime Series  of  three  satellites  to  investigate 
space  environment  of  2 2, 000- m.  and  to 
test  long-term  behavior  of  components  at 
this  altitude;  ATLAS-CENTAUR  booster 

Contract  let  to  build  three  payloads;  launch- 
ings  aboard  a  NASA  payload;  program 
reevaluated  due  to  CENTAUR  delay.  NASA 
pursuing  almost  identical  program:  3  satel- 

lites, 24-hour  orbit  radiation  probes 
★aerospace 

PLANE 
(AF-NASA) 

No  contracts  announced Manned,  hypersonic  spacecraft  capable  of 
earth -to-orbit-and-return;  turbofan,  0-3 
Mach;  ramjet,  3-8  or  10  Mach  (oxygen  col- 

lected and  liquified  during  this  cycle);  8  to 
10  Mach-orbital  speeds,  LH-LOX  rocket; 
minimum  life  of  1 00  flights  reportedly  a 
requirement;  also  being  considered  as  a 
5000-mile  aircraft  without  refueling 

NASA-AF  ad  hoc  committee  to  prepare 
joint  research  program;  report  submitted; 
DOD  funding  component  development  pro- 

gram in  FY  '63  of  $19  million;  big  devel- 
opment effort  possible  in  FY  '64;  craft could  be  in  operation  by  about  1970; 

development  program  estimated  at  $500 million 

BAMBI  (ARPA) GD/Astronautics,  STL Satellite  system  capable  of  intercepting 
enemy  missiles  in  boost  phase  using  space 
based  platforms  and  interceptors 

Feasibility  still  unproved;  additional  re- search under  way 

BOSS 
(Bicaslronautics 
Orbiting  Space 
Station  Program 
698AA  (AF) 

Lockheed,  AiResearch Recoverable  capsules  with  primates  aboard; 
capable  of  orbital  flights  up  to  two  weeks; 
six  shots  planned  using  ATLAS-AGENA; 
both  circular  orbits  below  radiation  belt 
and    elliptical    orbits    through    the  belts 

Originally  joint  AF-NASA  program;  how- ever, DOD  disapproved  AF  participation; 
NASA  considering  funding  entire  $76  mil- 

lion program  in  FY  '64 
★COMMUNICA* 

TION 
SATELLITE 
PROGRAM, 
MEDIUM- 
ALTITUDE 
(AF-DCA-Army) 

ITT,  systems  engineering  &  technical  direc- tion for  DCA Multiple-launch,  active  repeater  comsat; 
40-50  satellites  in  5000-7000  mile  orbits; 
weight,  less  than  150  lbs.;  ATLAS-AGENA 
booster;  narrow  bandwidth,  voice  and  tele- 

type communications  equipment 

One  of  two  systems  resulting  from  re- 
oriented ADVENT  program;  initial  opera- 

tional capability  planned  for  1964,  fully 
operational  by  1966;  to  use  ADVENT 
ground  stations;  responsibilities:  AF,  satel- lite; DCA,  interface  problems;  Army,  ground 
environment 

★COMMUNICA- TION 
SATELLITE 
PROGRAM, 
HIGH- ALTITUD5 

.  (AF-DCA-Army) 

ITT,  systems  engineering  &  technical  direc- tion for  DCA 24- hour,  station-keeping,  active  repea'er 
comsat;  operational  system,  3-10  satellites; 
weight,  500  lbs.;  wide  bandwidth  com- 

munications equipment  for  encryption  and 
anti  jamming;  booster,  ATLAS-AGENA 

Second  system  evolved  from  ADVENT;  in- 
itial capability,  1964;  operational,  1 966; 

responsibilities:  same  as  medium-altitude 
system;  ITT  contract  has  hardware  exclu- sion clause 



PROJECT CONTRACTORS DESCRIPTION STATUS 

DISCOVERER 
(Air  Force) 

Lockheed,  prime;  GE,  re-entry  vehicle THOR-AGENA  and  ATLAS-AGENA  launch- 
ings  of  stabilized  satellites;  main  purpose  ; 
is  to  test  techniques  and   components  for 
military  space  systems 

Program  life  extended;  all  data  on  launch- 
ings  classified  as  part  of  new  DOD  infor- 

mation  policy;  testing   of  AGENA   D  as- signed to  DISCOVERER  program 

★DYNA-SOAR 
(X-20) 
(Air  Force) 

Boeing,  spacecraft  and  systems  integrator; 
Martin,  propulsion;  Minneapolis-Honeywell 
guidance;  RCA,  communications  data  linn. 
Auxiliary  Power,  Sundstrand.  Thiokol,  solid 
flight  control  motor;  Goodyear,  main  land- 

ing gear;  Bendix,  nose  gear.  Project  AS- 
SET, McDonnell 

Manned,    delta-winged,    10,000-lb.    boo  it-  ! 
glide    orbital    spacecraft;    length,    35  ft.; 
wingspan,  20  ft.;  height,  8  ft.;  foflow-on  to 
X-15   program;   program   wilt   demonstrate  i 
the   capability  for  positive  controlled  re- 

entry and  recovery  from  orbit.  TITAN  (IE 
booster 

Development;  officially  redesignated  X-20, 
but  either  name   may  be   used;  program 
reoriented    and    suborbital    flights  elim- 

inated,   design    details    finalized  during 
1961;  Project  ASSET  will  test  structural  in- 

tegrity, using  BLUE  SCOUT;  first  DYNA- 
SOAR  flight  scheduled  for  1965;  air  drops 
from  B-52  likely  in  late  1963  or  early  1964 

★  ECHO  (NASA) Langley  Research  Center,  prime ECHO  1:  135  ft.  inflatable  sphere  in  650! 
mile  orbit;  passive  communication  satellite. 
THOR  for  ballistic  tests;  THOR-AGENA  for 
orbital;  functioning  of  sphere  will  be  tested 
by  monitoring  its  reflectivity  to  radio  waves 
by  measuring  its  radar  cross-section 

ECHO  1  in  orbit  since  Aug.  12,  I960;  ECHO 
II  January   1962,  failed   to  orbit;  first  of 
two  ballistic  shots  planned  this  year  from 
AMR  successful;  orbital  launch   from  PMR 
also    planned    during    FY    '63;  suborbital flight  tests  to  be  conducted  at  White  Sands 

★GEMINI  (NASA) McDonnell  prime;  Rocketdyne,  spacecraft 
propulsion;  General  Electric,  fuel  cell;  IBM, 
Guidance  System  integration  and  computer 

Bigger  and  heavier  MERCURY  capsule;  to 
carry  two  men  for  periods  up  to  two  weeks, 
TITAN  II  to  be  used  as  booster.  ATLAS- 
launched  AGENDA  will  be  used  for  rendez- 

vous missions.  15  spacecraft  will  be  pro- 
duced. Of  the  12-15  missions,  at  least  8 

will  involve  rendezvous  and  docking 

Development;  will   be  used   to  determine 
feasibility  of  rendezvous  for  lunar  mission; 
also    to    test    men    and    components  for 
APOLLO;    first    unmanned    flights,  1963; 
manned  and  rendezvous  flights,   1 964-65; 
AF  hoping  to  use  for  training  space  pilots 
and  supplying  MODS 

LUNAR 
LOGISTICS 
VEHICLE 
(NASA) 

Three-month  study  contracts  awarded  to 
Space  Technology  Laboratories,  Northrop 
Space  Laboratories  and  Grumman  Aircraft 
Engineering  Corp. 

1500-lb.  spacecraft  bus  to  carry  support 
payloads  to  the  Moon;  initial  use  on 
SATURN  C-1B;  or  20,000  lb.  bus  would 
be  used  with  C-5;  seven  specific  payloads 
will  also  be  studied 

Development  expected   to  begin  In  1963 
after   Congressional    approval    of    FY  '64 funds;  Cost  expected  to  run  to  $500  mil- 

lion;  study   contracts   to   be  awarded  in 
October 

★manned 
orbiting 
DEVELOP- 
MENT 
STATION 
(Air  Force) 

No  contractors  announced 20,000  lb.  manned  space  station  for  test- 
ing components  and  techniques  in  the 

space  environment;  also  considered  impor- tant as  a  source  of  astronaut  training  to 
provide  reservoir  of  experienced  space 
pilots  for  military  missions;  TITAN  III-C 
booster 

Program    not   approved    for  development, 
but  indications  DOD  will  approve  it  In  FY 
"64  budget;  AF  spending  approx.  $6  mil- 

lion in  FY  '63  for  studies;  NASA  also  plan- 
ning larger  (150,000  lb.)  lab  for  1966-67 

MANNED 
SATELLITE 
INTERCEPTOR 
(Air  Force) 

No  contracts  announced Spacecraft  capable  of  rendezvousing,  in- 
specting and,  if  necessary,  neutralizing hostile  satellites 

Termed  '  absolutely  essential"  by  the  AF, program  is  being  held  up  by  DOD;  study 
contracts   for  system   to   North  American, 
Lockheed,  Boeing,  McDonnell,  Hughes  and 
Raytheon  by  SSD  cancelled  by  DOD 

★mariner 
(NASA) 

JPL,  prime 450-lb.  unmanned  spacecraft  for  early  in- 
terplanetary missions  to  vicinity  of  Mars 

and  Venus;  boosted  by  ATLAS-AGENA  B 
1000-lb.  MARINER  B  also  under  develop- 
ment 

Twelve'  shots    planned.    First  scheduled 
Venus  fly-by  Aug.  1962  unsuccessful  after 
booster  failure;  second  successfully  launched 
Aug.  27,  expected  to  pass  within  20,900 
mi.  of  Venus  early  in  Dec;  six  MARINER 
B  flights  in   1963,  two  in   1964  (ATLAS- 
AGENDA);    '64-'65   flights   will    use  CEN- TAUR; soft  landing  on  Mars  in  1964 

★mercury 
(NASA) 

McDonnell,  capsule First  U.S.  manned  satellite;  4000  lbs.  -f- 
(capsule  including  escape  rocket);  boosters: 
ATLAS  and  REDSTONE 

First  manned  orbital  flight  Feb.  20,  1962 
by  Lt.  Col.  John  Glenn,  USMC.  2nd,  Cmdr. 
Scott  Carpenter,  May,  1962;  six-orbit  flight 
by  Walter  Schirra,  Oct.  3,  1962;  modified 
MERCURY  will   make  two  24-hour  flights 
next  year  to  end  MERCURY  program 

★Ml  DAS, 
PROGRAM 
239A 
(Air  Force) 

Lockheed,  prime;  Aerojet  IR  detector 
system 

Early-warning  satellite;  detect  ICBM  launch- 
ings  by  IR;  R&D  models  weigh  2.5  tons; 
plans  being  finalized  for  early  integration 
of  advanced  payloads 

Development;   program    being  re-oriented 
from  precise  orbit  satellite  system  to  ran- 
Raytheon  by  SSD  cancelled  by  DOD 
dom   orbit  system  due  to  technical  diffi- 

culties with   IR  system;  pushed  back  into 
development     cycle.     All     program  data 
classified  by  DOD  direction 

NIMBUS 
(NASA) 

Goddard  Space  Flight  Center,  prime;  GE, 
integration  and  testing;  RCA,  videcon 
cameras 

2nd  generation  weather  satellite;  Earth- 
stabilized  polar  orbiting;  650  lbs.;  TV 
cameras  and  IR  scanners  in  payload;  THOR- 
AGENA  B  booster 

First  launching  scheduled  for  late  1963; 
second,  six  months  later;  four  R&D  satellites 
and  four  Weather  Bureau  satellites  pres- 

ently planned 
OAO  (NASA) Grumman,  prime;  Westinghouse,  electronic 

components;  GE,  stabilization  and  control; 
Koilsman,  star  trackers;  IBM,  data  proc- 

essor and  storage 

3500-lb.  orbiting  astronomical  satellite  ob- 
servatory equipped  with  36-in.  primary 

mirror,  spectrometer;  booster,  SATURN  C-l 

First  flight  scheduled   in   1964;  two  more 
in  1965 

OGO  (NASA) Space  Technology  Laboratories,  prime 1000-lb.  satellites  with  instruments  for 
geophysical  measurements  polar  (POGO) 
and  eccentric  (EGO)  shots  planned;  can 
carry  50  experiments;  ATLAS-AGENA  B, THOR-AGENA  B,  CENTAUR  boosters 

First  flight  scheduled  in  early  1964;  19  ex- 
periments planned  for  first  shot;  nine  other 

shots  planned — five  in  '64  and  four  in  '65 

OSO  (NASA) Ball  Brothers,  prime 440-lb.  orbiting  solar  observatory;  THOR- 
DELTA  and   ATLAS-AGENA   booster,  S-16 
early   version;    S-17   and    S-57  advanced versions 

First  flight  March  7,  1962,  highly  successful; 
first  flight  for  S-17  planned  for  1963;  satel- 

lite stopped  sending  useful  data  in  May 
resumed   in  July  as  spin  rate  decreased; 
1 0  more  flights  planned;  advanced  OSO 

'  studies  by  Ball  Bros.,  Republic  and  STL 



PROJECT CONTRACTORS DESCRIPTION 
STATUS 

^-ranger 
(NASA) 

|  JPL,  prime;  Aeronutronic,  capsule;  Hercules, retrorocket 
300-lb.  instrument  capsule  with  seismom- 

eter rough  landed  on  Moon;  before  impact, 
TV  camera  tapes  pictures  of  lunar  surface; 
ATLAS-AGENA  B  booster 

R&D;  first  two  RANGERS  failed  to  launch 
from  orbit;  RANGER  III  launched  Jan.  26, 

j  failed   to  impact  Moon,   went   into  solor 
orbit;  RANGER  IV  impacted  on  Moon  April 
26;   RANGER   V    power   went   dead  after 
launch  Oct.   19,  in  solar  orbit;  five  more 
RANGERS  added   to  program — making  a 
total    of    14;    program    extended  through 
1964;  may  be  extended  to  20  spacecraft 

REBOUND 
(NASA) 

No  contract  announced System  of  three  rigidized  multi-launched 
low-orbit  passive  communications  satellites; 
follow-on  to  ECHO.  Satisfactory  design 
completed  in  March.  ATLAS-AGENA  booster 

First  orbital  flight  scheduled  for  1963;  ex- 
periments to  be  conducted  jointly  with  Air Force 

★  RELAY  (NASA) RCA,  prime 150-lb.,  spin-stabilized,  wide-band,  700- 
3000  mile  orbit  active  repeater  experi- 

mental communications  satellites.  Space- 
craft will  contain  two  complete  and  sepa- 
rate communications  transponders  each 

capable  of  handling  a  standard  TV  chan- 
nel or  12  two-way  voice  channels.  DELTA booster 

Britain,  France,  Brazil  and  Germany  build- 
ing ground  stations;  one  launch  planned 

in  1962;  three  more  in  1963;  advanced 
RELAY  to  receive  and  transmit  radio  and 
TV  signals  by  way  of  600-lb.  satellite  in 
1 2,000-mi.  circular  orbit  under  study; 
ATLAS-AGENA  booster;  three  launches 
planned  for  1964;  advanced  version  de- 

layed until  after  first  RELAY  launch 

SATELLITE 
INSPECTOR, 
PROGRAM 
621 A 
(Air  Force) 

RCA,  prime;  Hughes,  detection  equipment Anti-satellite  inspection  system;  capable  of 
orbital  plane  and  altitude  changes  to  ren- 

dezvous within  50  ft.  of  target;  to  be  com- 
plemented by  interception  system;  about  2 

tons;  ATLAS-AGENA  B  launched 

R&D;  formerly  known  as  SAINT;  during 
March,  1961,  contracts  let  to  design,  fabri- 

cate and  test  the  spacecraft;  program  op- 
pears  behind  schedule  since  feasibility 
demonstration  was  due  early  this  year 

SAMOS  (Air 
Force) 

Lockheed,  prime;  photo  intelligence  equip- 
ment, Eastman  Kodak;  capsules,  GE;  para- 
chute  and   guidance   recovery  equipment, 

Avco  &  Northrop  Ventura 

Reconnaissance  satellite;  formerly  SENTRY; 
R&D  model  weighs  4100  lbs.  with  E-5  cap- 

sule (3000  with  E-6);  ATLAS-AGENA 
booster;  100-300  mile  circular  polar  orbit 

Development;  SAMOS  II  successfully 
launched  Jan.  31  from  Vandenberg;  sched- 

uled to  be  operational  late  1962;  advanced 
SAMOS  under  development;  all  program 
information  classified  by  DOD  direction 

SERT  (NASA) RCA,  prime 
-~  :  
Spinning  satellite  carrying  two  electric- 
propulsion  engines  for  environmental  tests 

SERT  1  to  be  launched  lost  quarter  1962 
with  Hughes  and  Lewis  Center  engines 

SLOMAR  (Air 
Force) 

Lockheed  and  Martin,  study  contracts Logistics,  maintenance,  supply  spacecraft 
for  space  systems 

Study  contracts  awarded  in  Dec,  I960; 
DOD  studying  concepts  in  connection  with 
Manned  Orbiting  Development  Station 

★SURVEYOR 
(NASA) 

Hughes,  prime;  Martin,  SNAP  device 750-lb.  spacecraft  soft-landing  100-300  lbs. 
instruments  on  Moon;  ATLAS-CENTAUR 
booster;  also  Moon  orbiting  vehicle 
planned;  SNAP  II  nuclear  power  generator to  be  used 

First  Moon  flights  1964;  seven  soft-landing 
vehicles  planned;  five  lunar  arbiters  to  trans- 

mit pictures  of  the  surface  for  six  months 
also  scheduled;  CENTAUR  difficulties  may 
cause  payload  reductions 

SYNCOM 
(NASA) 

Hughes,  prime 24-hr.  orbit  instantaneous  narrow  band, 
active  repeater  communications  satellite. 
DELTA  booster;  28  inches  in  diameter  and 
will  weigh  about  55-lbs.  without  weight  of 
injection  motor;  capable  of  accommodating 
one  full  duplex  radio  telephone  channel; 
initial  inclination  to  be  30  degrees 

Development;  three  launchings  using  THOR- 
DELTA  scheduled  during  FY  *63;  500-lb. advanced  SYNCOM  with  wide  band  capa- 

bility (4  TV  channels  or  300  two-way  tele- 
phone channels)  to  be  developed  in  FY  '63; 2  flights  with  ATLAS-AGENA  planned  for 

'64;  1  in  '65;  resembles  new  DOD  program 
TELSTAR 
(AT&T-NASA) 

BTL,  management  for  AT&T 170-lb.,  active  repeater,  experimental  in- 
dustry communication  satellite;  DELTA 

booster.  To  be  launched  into  3000-mile 
orbit  by  NASA  on  cost-reimbursed  basis 

Development;  two  to  four  satellites  planned 
for  launch  in  1962;  first  launch  July  10 
highly  successful 

★  TIROS  (NASA- 
Weo.  Bu.) RCA,  prime 285-lb.  meteorological  satellite;  TV  pictures 

of  cloud  cover;  TIROS  II  and  III  carried  IR 
scanner.  TIROS  V  doglegged  into  orbit 
which  will  enable  satellite  to  obtain  data 
on  ice-breakup  in  Northern  hemisphere; 
one  TIROS  to  be  tested  for  effectiveness 
in  highly  elliptical  orbit  (3,000  mi.  apogee) 

R&D;  first  launching  April,  I960;  second 
Nov.  23,  1960;  third  last  July  12,  fourth 
Feb.  8,  all  successful;  TIROS  V  successfully 
launched  June  19;  TIROS  VI  successfully 
launched  Sept.  18;  program  may  be  ex- 

panded to  allow  8  (5  NASA,  3  Weather Bureau)  launches 

★TRANSIT 
(Novy) Applied  Physics  Laboratory,  prime;  Martin SNAP  device Navigational  satellite;  R&D  model  over  250 

lbs.;  operational,  50-100  lbs.;  operational 
system:  4  satellites  in  random,  near-circular  j 
600-mi.   orbits;   SNAP    nuclear    generator;  1 THOR-ABLE-STAR  booster 

Operational    system    scheduled    to    be  in 
orbit  by  last  quarter  1 962  to  initially  be 
used  by  POLARIS  subs  and  greatly  reduce 
the  position  errors  of  these  subs 

VELA-HOTEL 
(ARPA) STL,    prime;    Los   Alamos    Scientific  Lab/ 

Aerospace,  payload 12-sided,  300-400-lb.  satellite  for  detection  ; 
of  nuclear  explosions  in  space;  60,000-n.- 
mi.   orbit;   three   satellites   placed   in  one 
orbital  plane  with  three  more  in  a  plane  j 
90°  to  the  first;  booster,  ATLAS-AGENA 

Initial  launchings  expected  during  this  cal- endar year 

VOYAGER 
(NASA) 

JPL Unmanned   MARINER   follow-on   spacecraft  ! 
to  orbit  Mars  and  Venus  and  to  inject  a  1 
capsule  to  the  surface.  Capsule  will  then 
communicate  with   Earth   through   orbiting  ! 
spacecraft;  SATURN  booster;  2400  lbs.  | 

Study;  design  and  development  to  begin 
this  year;  first  flight  planned  by  1965;  Mars 
orbital  flight  scheduled  in  1966 



PROJECT CONTRACTORS 
CT  ATI  |C 

★X-15  (NASA- 
AF-Navy) 

North  American,  prime;  Thiokol,  propulsion; 
Sperry  Gyroscope,  inertial  flight  data  sys- 

tem; Minneapolis-Honeywell,  adaptive  flight 
control  electronics 

1 

Manned    rocket    plane;    capable    of  4000 
mph  flight  at  edge  of  space;  on  AF  model 
each  XLR-II  rocket  engine  develops  16,000 
lbs.  of  thrust;  XLR-99  engines  57,000  lbs. 
Three  planes  delivered;  role  expanded  to 
include  testing   of   spacecraft  components 
and   space   research.   Re-entry  high  angle 
of  attack   flights  providing  data  for  X-20  ; 

Powered  flights  in  progress;  plane  —1  has hit  Mach  3  and  more  than  136,500  ft.  with 
XLR-II  engine;  plane  ̂ 3  set  new  unofficial 
altitude  record  of  314,750  ft.,-  plane  —1 
set  new  unofficial  speed  record  for  manned 
powered  flight  of  4159  mph;  X-15  will  be 
used  as  trainer  for  X-20 

Space  Vehicles 

AGENA 
(Air  Force) 

Lockheed,    prime;    Minneapolis-Honeywell,  ! 
guidance;  Bell,  propulsion 1700-pound   upper  stage  designed  to  go' into  orbit  with  pay  load;  all-inertial  guid- 

ance; 16,000  lbs.  thrust  propellants:  IRFNA/ 
UDMH;  AGENA  B  has   re-start  capability. 
AGENA  D  undergoing  flight  tests 

Used  in  DISCOVERER,  SAMOS  and  MIDAS 
programs;  used  with  ATLAS  and  THOR;  1st 
flight  test  of  AGENA  D  in  June;  second, 
Aug.  1 

BLUE  SCOUT 
(Air  Force) 

Aeronutronic,    prime;  Ling-Temco-Vought, 
Inc.,  frame;  Minneapolis-Honeywell,  guid- 

ance; Aerojet/Hercules,  Thiokol,  propulsion 

4-stage  vehicle;  speed,  more  than  20,000 
fps;  payload  cap.,  150  lbs.  (345  mi.)  orbit, 
1 00    lbs.    probe    (1610    mi.);   range,  over 
6000  mi.  vert,  distance;  weight,  35,475  lbs. 

Operational;  based  on  NASA's  SCOUT; 
used  as  space  probe  and  small  (150-lb.) 
satellite  launch  vehicle;  also  used  as  AF's Hyper-Environmental   Test  System 

★CENTAUR 
(NASA) 

GD/Astronautics,  prime;  Pratt  &  Whitney, 
propulsion;   Minneapolis-Honeywell,  guid- ance 

High-energy  upper  stage  using  a  pair  of 
LOX-liquid  hydrogen  engines;  30,000  lbs. 
total  thrust,  atop  ATLAS  D  booster,  capable 
orbiting   8500  lbs.;  2300  lbs.   to  escape 
velocity  and  1300  lbs.  on  planetary  flights 

Development;  program  responsibility  trans- ferred from  MSFC  to  Lewis;  DX  priority 
likely;  first  flight  test  failed  when  LH?  tank 
shielding  broke  off  54  sees,  after  launch; 
program  still  slipping;  late  1964  or  early 
1965  earliest  possible  operational  date 

★DELTA  (NASA) Douglas,    booster;    Bell    Telephone  Labs, 
guidance;    Rocketdyne/Aerojet/ABL,  pro- 
pulsion 

Successor    to    THOR-ABLE;    upper  stage 
guidance;  3  stage  vehicle;  430  lb.  payload 
capability   in   500   mile  orbit;  60  lbs.  to 
escape;   two    new  versions — DSV-3A  and 
DSV-3B — will  have  700  and  800  lbs.  pay- 
load  capability,  respectively 

Launch  vehicle  for  TIROS-ECHO;  being 
used  for  other  satellites  and  one  deep 
space  probe;  26  previously  on  order  aug- mented by  AF  order  for  1  2  more  for  NASA; 
DSV-3A  used  for  EXPLORER  XIV;  DSV-3B 
to  become  operational  early  1963 

★  NOVA  (NASA) General  Dynamics/Astronautics  and  Martin 
awarded    design    study   contracts;  Martin, 
launch  facilities  study 

1st  Stage:  8-12  F-l   engines;  2nd  Stage: 
2  or  more  M-l  engines;  3rd  Stage:  1  J-2 
engine;  Payloads:  240-350  tons  in  345  mile orbit;  75  tons  to  escape;  50  tons  planetary 
probe  (liquid) 

R&D  on  1.5  million  lb.  F-l  engines;  solid 
first  stage  may  be  developed  later;  alterna- tive to  advanced  SATURN  (Rendezvous) 
and  ROVER  nuclear  rocket;  operational 
target  date  1970 

MORION  (Air 
Force) 

General  Atomic Space    booster    propelled    by    series  of 
atomic   explosions  to   lift   1 000   tons  into 
orbit 

Studies;  program  may  be  in  trouble  be- cause of  AF  difficulties  in  justifying  it; 
feasibility  proven  using  HE  charges  in 
Project  PUT-PUT  series 

ROVER  (NASA, AEQ Lockheed,  vehicle  prime;  Aero|et,  NERVA 
prime;  Westinghoirse,  propulsion 

First  nuclear  rocket:  KIWI  B First  Rover  flight  test  expected  1966-67; 
operation  vehicle  1968-69;  to  be  com- 

patible with  both  ADVANCED  SATURN  and 
NOVA  launch  vehicles;  reactor  for  NERVA 
engines  to  be  selected  by  end  of  the  year 

SATURN  C-l 
(NASA) Systems  engineering,  assembly  and  guid- 

ance, Marshall  Center;  S-1  stage,  Chrysler 
Corp.;  S-IV,  Douglas 

■ 

2-stage  vehicle  for  early  orbital   tests  of 
APOLLO    and    various    space  programs. 
1st  stage:  8  Rocketdyne  H-l  engines  using 
LOX/RP;  2nd   stage:  6  Pratt   &  Whitney 
RL10-A3    engines    using    LOX/Ho;  20,000 
lbs.  into  345-mi,  orbit 

First  C-l  launching  Oct.  27,  1961  from 
Cape  successful;  second  April  24,  1 962; 
both  flights  with  inert  upper  stage;  first 
flight  with  live  upper  stages  1963;  S-IV 
stage  successfully  static-tested  by  Douglas in  August 

SATURN  Cl-B 
(NASA) Systems  engineering,  assembly  and  guid- 

ance, Marshall  Center;  S-1  stage,  Chrysler; 
S-1VB  stage,  Douglas 

S-1:  8   H-l,   LOX/RP  engines  total  thrust 
1.5  million  lbs.;  S-IVB:  1  J-2  LOX/LH2  en- 

gine with    200,000   lbs.    thrust;  payload 
capability,  30,000  lbs.  in  345-mi.  orbit 

Development;  first  flight  1964  or  early 
1965;  boost  APOLLO  spacecraft  boilerplate 
models,  including  lunar  landing  vehicle; 
may  also  be  used  as  a  supply  vehicle 

SATURN  C-S 
(Advanced 
Saturn)  (NASA) 

Systems  engineering,  assembly  and  guid- 
ance, Marshall  Center;  S-1B,  Boeing;  S-ll, 

North    American;   S-IV    B,    Douglas;  F-l, 
North  American;  J-2,  North  American 

S-1B:  5  F-l   engines;  S-ll:  5  J-2  engines; 
S-IVB:    J-2    engine;    1st    stage:  LOX/RP; 
Upper  stages,  LOX/H2;  100  ton  payload 
in   345   miles   orbit;  43   tons   to  escape 
velocity;  30  tons,  planetary  missions 

■  R&D;  first  flight  scheduled  for  1965;  prime 
booster  for  APOLLO  missions;  will  also  be 
used  to  boost  Orbiting  Space  Station 

★SCOUT  (NASA) |  Chance      Vought,      prime;  Minneapolis- 
Honeywell,  guidance;  Aerojet-General /Her- 
cules/Thiokol/ABL,  propulsion 

Solid  four-stage  satellite  launcher;  150  lb. 
payload  in  345  n.-mi.  orbit;  also,  used  as 

;  space  probe  vehicle 

:  SCOUT  flights  in  ol  completed  R&D; 
payload  being  increased  to  250  lbs.;  im- proved 1st  stage  successfully  tested 

THOR-ABLE- 
STAR  (Air 
Force-NASA) 

1  STL,   prime;  Rocketdyne/Aerojef-General/ 
ABL,  propulsion 

Three-stage     vehicle,     orbital  capability 
about  900   lbs.   in   300   mi.   orbit;  upper 

;  stage   has    restart  engines 
THOR-ABLE  phased  out.  Used  in  TRANSIT, 

;  ANNA,  COURIER,  and  COMPOSITE  satel- lite programs 

★TITAN  III 
(Air  Force) 

;  Martin,  systems,  integration;  United  Tech- 
nology, large  solid  boosters;  Martin,  TITAN 

II  vehicle;  Aerojet,  liquid  engines;  Martin, 
standardized  upper  stage;  AC  Spark  Plug, 
guidance 

Quick  reaction  vehicle  for  military  space 
missions;  will    be    used    to    boost  DYNA- 

!  SOAR;  1st  stage,  2  120-in.  solid  motors; 
;  2nd  stage,  TITAN  11  (storable  propellants); 
!  3rd  stage,  standardized  vehicle  to  be  de- 
!  veloped;  modified  TITAN  If  guidance 

Development;  first  flight  May  '64  (T-II1A); Jan.   '65   (T-MIC);    17  development  flights 
planned  (12  TITAN  II  core  vehicles  (A  ver- 

j  sion),  5  full  TITAN  Ill's  (C  version));  devel- :  opment  program  to  cost  S808  million;  prime 
!  booster  for  military,  and  some  NASA  mis- 
!  sions,  for  next   10  years;  operational  in 
1  1965;  up  to  30  launches  a  year  foreseen 



Satellites  in  Orbit 

★  EXPLORER  I  (30.8  lbs.)  U.S.  Launched  1/31/58,  est.  life  7-10  years, 
orbits  Earth;  perigee  337  km,  apogee  1710  km,  period  105.5  min.  (Dis- 

covered Van  Allen  Belt);  not  transmitting. 
★VANGUARD  I  (3.25  lbs.)  U.S.  Launched  3/17/58,  est.  life  200-1000 
years.  Orbits  Earth;  perigee  622  km,  apogee  3972  km,  period  133.9; 
transmitting  108.024  mc. 
LUNIK  I  "MECHTA"  (3245  lbs.)  Russia.  Launched  1/2/59.  In  orbit 
around  Sun  on  450  day  cycle;  apogee  1.315  au,  perigee  0.9766  au;  not 
transmitting. 
★VANGUARD  II  (20.7  lbs.)  U.S.  Launched  2/17/59,  est.  life  100-250 
years.  Orbits  Earth  but  is  "wobbling";  perigee  558  km,  apogee  3292 km,  period  125.3;  not  transmitting. 
PIONEER  IV  (13.4  lbs.)  U.S.  Launched  3/3/59.  Orbits  sun  on  398  day 
cycle;  apogee  1.142  au,  perigee  0.9871  au;  achieved  primary  mission — 
Earth-Moon  trajectory;  not  transmitting. 
★VANGUARD  III  (about  100  lbs.)  U.S.  Launched  9/18/59,  est.  life 
50-150  years.  Orbits  Earth;  perigee  529  km,  apogee  3701  km,  period 
129.7;  not  transmitting. 
★  EXPLORER  VII  (91.5  lbs.)  U.S.  Launched  10/13/59,  est.  life  30-40 
years.  Orbits  Earth;  perigee  549  km,  apogee  1078  km,  period  101. 1; 
not  transmitting. 
PIONEER  V  (94.8  lbs.)  U.S.  Launched  3/11/60,  est.  life  forever. 
Orbits  Sun  on  311.6  day  period;  interplanetary  environment  probe; 
aphelion  .9951  ou,  perihelion  .8061  au,  not  transmitting. 
-A-TIROS  I  (270  lbs.)  U.S.  Launched  4/1/60,  est.  life  50-150  years. 
Orbits  Earth;  picture-taking  weather  satellite;  perigee  678  km,  apogee 
763  km,  period  99.1;  not  transmitting. 
★  TRANSIT  IB  (265  lbs.)  U.S.  Launched  4/13/60,  est.  life  6  years. 
Orbits  Earth;  perigee  359  km,  apogee  628  km,  period  94.4.  First  R8.D 
navigation  satellite.  Not  transmitting. 
★  MIDAS  II  (5000  lbs.).  U.S.  Launched  5/24/60,  est.  life  8-15  years. 
Orbits  Earth;  perigee  470  km,  apogee  506  km,  period  94.2.  Telemetry 
for  IR  scanning  failed  two  days  after  launch.    Not  transmitting. 
★  TRANSIT  ll-A  (223  lbs.)  U.S.  Launched  6/22/60,  est.  life  50-200 
years.  Orbits  Earth,  perigee  609  km,  apogee  1062  km,  period  101.6.  Not 
transmitting. 
★  NRL  SOLAR  RADIATION  SATELLITE  I  (40  lbs.)  U.S.  Launched  6/22/60 
with  TRANSIT  ll-A,  est.  life  50-200  years.  Orbits  Earth;  perigee  605  km, 
apogee   1064  km,  period   101.6.  Not  transmitting. 
★ECHO  I  (132  lbs.)  U.S.  Launched  8/12/60,  est.  life  2-16  years.  Orbits 
Earth;  perigee  1008  km,  apogee  1963  km,  period  115.6.  First  successful 
orbiting  of  passive  communication  satellite. 
★  COURIER  IB  (500  lbs.)  U.S.  Launched  10/4/60,  est.  life  200-500  years. 
Orbits  Earth;  perigee  980  km,  apogee  1199  km,  period  106.9.  First  Suc- 

cessful launching  of  delayed  active  repeater  satellite.  Not  transmitting. 
EXPLORER  VIII  (90  lbs.)  U.S.  Launched  11/3/60  by  JUNO  II,  est.  life 
20-50  years.  Orbits   Earth;  perigee  416  km,  apogee  2261    km,  period 
112.4.  Provided  ionospheric  measurements  for  communications.  Not 
transmitting. 
★TIROS  II  (280  lbs.)  U.S.  Launched  11/23/60,  est.  life  200-500  years. 
Orbits  Earth;  perigee  617  km,  apogee  733  km,  period  98.2.  Not  trans- 
mitting. 
★SAMOS  II  (4100  lbs.)  U.S.  Launched  1/31/61.  Orbits  Earth;  perigee 
476  km,  apogee  541  km,  period  94.8.  First  R&D  reconnaissance  satellite. 
VENUS  PROBE  (1419  lbs.)  Russia.  Launched  2/12/61.  Orbits  Sun  on  300 
day  cycle;  aphelion  1.0190  au,  perihelion  0.7183  au. 
★  EXPLORER  IX  (15  lbs.)  U.S.  Launched  2/16/61.  Orbits  Earth;  perigee 
692  km,  apogee  2470  km,  period  117.6.  A  1 2- ft.  "polka  dot"  balloon. 
EXPLORER  X  (78  lbs.)  U.S.  Launched  3/25/61.  Optical  pumping  magne- tometer. Position  uncertain. 
★  EXPLORER  XI  (82  lbs.)  U.S.  Launched  4/27/61.  Orbits  Earth;  perigee 
487  km,  apogee  1779  km,  period  107.8.  Measures  gamma  rays  from  the 
stars  absorbed   in   Earth's  atmosphere. 
★TRANSIT  IVA  (IVA,  175  lbs.,  GREB  III,  55  lbs.;  INJUN  40  lbs.)  U.S. 
Launched  6/29/61.  Orbits  Earth;  TRANSIT — perigee  873  km,  apogee 
1006  km,  period  103.8.  GREB-INJUN — perigee  878  km,  apogee  1001 
km,  period   103.8.    Transmitting.  IVA:  54;  150;  324;  400.  GREB-INJUN: 
136.5.  GREB  III  and  INJUN  failed  to  separate. 
★TIROS  III  (285  lbs.)  U.S.  Launched  7/12/61.  Orbits  Earth;  perigee  740 
km,  apogee  816  km,  period  100.3.  Transmitting  cloud  cover  pictures. 
★MIDAS  III  (3500  lbs.)  U.S.  Launched  7/12/61.  Orbits  Earth;  perigee 
3374  km,  apogee  3516  km,  period  161.5.  IR  early  warning  satellite. 
EXPLORER  XII  (83  lbs.)  U.S.  Launched  8/16/61.  Insufficient  observa- 

tions. Study  Van  Allen  belts  and  energetic  particles  in  space. 
★MIDAS  IV  (3500  lbs.)  U.S.  Launched  10/21/61.  Orbits  Earth;  perigee 
3481  km,  apogee  3771  km,  period  166.0.  IR  scanning  early-warning  satel- lite. 
★  DISCOVERER  XXXIV  (2100  lbs.)  U.S.  launched  11/5/61.  Orbits 
Earth;  perigee  215  km,  apogee  509  km,  period  91.9.  Malfunction  in  orbit 
forced  abandonment  of  usual  attempt  to  recover  capsule. 
★TRANSIT  IVB  (200  lbs.)  U.S.  Launched  11/15/61.  Orbits  Earth;  perigee 
916  km,  apogee  1127  km,  period  105.6.  Satellite  is  an  operational 
prototype  of  the  Navy's  navigational  satellite.  Solar  cells  damaged  by radiation  from  U.S.  July  9  nuclear  test. 

★  TRAAC  (200  lbs.)  U.S.  Launched  11/15/61  piggy-back  on  TRANSIT 
IVB.  Orbits  Earth;  perigee,  970  km,  apogee  1094  km,  period  105.6.  De- 

signed to  test  new  system  of  stabilization  based  on  the  Earth's  gravitation field.  Also  designed  to  supply  data  on  the  Van  Allen  belt.  Solar  cells  dam- 
aged by  radiation  from  U.S.  July  9  nuclear  test. 

RANGER  III  (727  lbs.)  U.S.  Lounched  1/26/62.  Orbits  sun  on  406.4 
day  cycle;  probe  failed  to  impact,  went  into  heliocentric  orbit;  aphelion 
1.163  au.,  perihelion,  0.9839  au.  Not  transmitting. 
★  TIROS  IV  (285  lbs.)  U.S.  Launched  2/8/62.  Orbits  Earth;  apogee  846 
km,  perigee  707  km,  period  100.3;  weather  satellite  to  gather  cloud  cover 
pictures  and  IR  heat  bala  nee  data.  Transmitting  136.23;  136.92  mc. 
★  ORBITING  SOLAR  OBSERVATORY  (440  lbs.)  U.S.  Launched  3/7/62. 
Orbits  Earth;  perigee  551  km,  apogee  588  km,  period  95.9;  paytoad  con- 

sisted of  13  experiments  to  study  solar  radiations,  investigate  dust 
particles  in  space  and  thermal  radiation  characteristics  of  spacecraft 
surface  materials.  Resumed  transmitting  on  136.744  mc.  in  latter  part  of 
June  after  stabilization  lapse  on  May  22. 
★  COSMOS  II  (?)  Russia.  Launched  4/6/62.  Orbits  Earth;  perigee  194 
km;  apogee  1212  km,  period  98.8;  second  in  a  series  of  space  environ- 

mental research  satellites;  transmission  data  not  known. 
★COSMOS  III  Russia.  Launched  4/24/62.  Orbits  Earth;  perigee  193 
km,  apogee  285  km,  period  89.2;  third  of  a  series  and  intended  to  study 
weather,  communications  and  effects  of  radiation  on  man  during  pro- 

longed space  flights. 
★ARIEL:  INTERNATIONAL  SATELLITE  (132  lbs.)  U.S-U.K.  Launched  4/ 
26/62;  perigee  396  km,  apogee  1198  km,  period  100.8;  first  joint  satellite 
(U.K.  built  payload;  U.S.  supplied  booster,  satellite  structure  and  tracking 
facilities)  to  study  the  ionosphere  and  the  intensity  of  cosmic  radiation. 
Solar  cells  damaged  by  radiation  from  U.S.  July  9  nuclear  test.  Trans- 

mitting 1  36.408  mc. 
★COSMOS  V  (?)  Russia.  Launched  5/28/62.  Orbits  Earth;  perigee  209 
km,  apogee  1 250  km,  period  99.3;  another  Soviet  satellite  for  space 
environmental  research.  Transmitting. 
★TIROS  V  (285  lbs.)  Launched  6/19/62.  Orbits  Earth;  perigee  603  km, 
apogee  960  km,  period  100.5.  IR  components  &  one  TV  camera  not  func- 

tioning but  satellite  still  expected  to  provide  data  on  the  breakup  of  ice 
in  northern  latitudes  as  well  as  on  the  growth  of  hurricanes.  Transmitting 
136.235;  136.922  mc. 
★TELSTAR  I  (170  lbs.)  Launched  7/10/62.  Orbits  Earth;  perigee  949  km, 
apogee  5643  km,  period  1 57.7.  AT&T-developed  experimental,  active 
repeater  communications  satellite  to  study  feasibility  of  low-altitude  sys- 

tem and  measure  the  effects  of  radiation  on  satellite  systems  and  life- 
time; successfully  transmitted  transatlantic  TV,  telephone  and  radio 

traffic.  Transmitting  136.05  mc. 
★COSMOS  VIII  (?)  Launched  8/18/62.  Orbits  Earth;  perigee  256  km, 
apogee  561  km,  period  92.7.  Part  of  space  research  program. 
MARINER  II  (447  lbs.)  Launched  8/27/62.  Heliocentric  orbit.  Planetary 
spacecraft  expected  to  come  within  20,900  mi.  of  Venus  Dec.  14,  Carrying 
microwave  radiometer  and  IR  radiometer  to  determine  temperature  and 
atmospheric  conditions  on  Venus.  Transmitting. 
TIROS  VI  (281  lbs.)  Launched  9/18/62.  Orbits  Earth;  perigee  681  km; 
apogee  716  km,  period  98.7.  With  the  partially  disabled  TIROS  V,  this 
weather  satellite  gives  the  U.S.  two  active  vehicles  for  weather  observa- 

tions. Transmitting  1 36.235;  1 36.922  mcs. 
ALOUETTE  (300  lbs.)  Launched  9/29/62.  Orbits  Earth;  perigee  1004  km, 
apogee  1029  km,  period  105.5.  Polar-orbiting  topside  sounder  to  investi- 

gate upper  levels  of  ionosphere  and  space  noise.  Satellite  built  by 
Canada;  launched  by  U.S.  Transmitting  136.979  mcs. 
EXPLORER  XIV  (89  lbs.)  Launched  10/2/62.  Orbits  Earth;  perigee  281 
km,  apogee  98,533  km,  period  2185.  Designed  to  study  charged  parti- 

cles, solar  phenomena  and  magnetic  fields.  Transmitting  1 36.44  mcs. 
COSMOS  IX  (?)  Russia.  Launched  9/27/62.  Orbits  Earth;  perigee  299 
km,  apogee  352  km,  period  90.  Transmitting  1 9.994  mcs. 
COSMOS  X  (?)  Russia.  Launched  10/17/62.  Orbits  Earth;  perigee  192 
km,  apogee  376  km,  period  90.2.  Transmitting. 
COSMOS  XI  (?)  Russia.  Launched  10/20/62.  Orbits  Earth;  perigee  243 
km,  apogee  915  km,  period  96.1. 
EXPLORER  XV  (98  lbs.)  Launched  10/27/62.  Orbits  Earth;  perigee 
358.73  km;  apogee  20,299.29  km;  period  315.5  min.  Partially  successful 
attempt  to  study  man-made  radiation 
SECRET  AF  SATELLITES: 

•  Launched  3/7/62.  wt.  unk.  ATLAS-AGENA  B.  Orbits  Earth;  perigee 
235  km,  apogee  543  km,  period  92.4. 

•  Launched  4/9/62.  wt.  unk.  ATLAS-AGENA  B.  Orbits  Earth;  perigee 
2821  km,  apogee  3373  km,  period  153.0. 

•  Launched  8/23/62.  wt.  unk.  BLUE  SCOUT.  Orbits  Earth;  perigee 
612  km,  apogee  861   km,  period  98.6. 

•  Launched  9/1/62.  wt.  unk.  ATLAS-AGENA.  Orbits  Earth;  perigee 
292  km,  apogee  669  km,  period  94.3. 

•  Lounched  9/17/62.  wt.  unk.  ATLAS-AGENA.  Orbits  Earth;  perigee 
201  km,  opogee  558,  period  92.2. 

•  Launched  9/29/62.  wt.  unk.  BLUE  SCOUT.  Orbits  Earth;  perigee 
197  km,  apogee  258  km,  period  89.1. 

•  10/9/62.  wt.  unk.  THOR-AGENA.  Orbits  Earth;  perigee  166  km, 
apogee  469  km,  period  90.9. 



ENGINEERS 

Space  is  our  business. 

We  invite  you  to 

make  it  yours. 

Here  at  Astronautics  all  our  technical  and 

scientific  efforts  are  directed  toward 

space  —  learning  about  its  environment, 
designing  vehicles  to  travel  in  its  vacuum, 

guiding  and  tracking  and  communicating 
with  those  vehicles. 

If  you  share  our  intense  interest  and  curi- 

osity —  if  you,  too  have  designs  on  space 
—  consider  an  association  with  General 

Dynamics  Astronautics. 

Positions  exist  for  engineers  and  scien- 
tists in  many  disciplines  and  at  various 

levels  of  professional  achievement. 

Whether  your  interests  and  talents  lie 

in  research,  design,  development,  test, 

or  some  related  field,  we  urge  your 

investigation. 

You  will  find  more  than  technical  chal- 

lenge in  a  position  with  Astronautics. 

There's  the  added  advantage  of  living 
and  raising  your  family  in  San  Diego,  a 

city  with  near-perfect  climate,  fine 

schools  and  colleges,  and  abundant  rec- 
reation facilities. 

Further  information,  including  details  of 

current  requirements,  is  on  the  next  page. 

For  a  prompt,  confidential  reply  to  your 

inquiry,  use  the  attached  form  or  write  to 

Mr.  R.  M.  Smith,  Chief  of  Professional 

Placement  and  Personnel,  Department 

130-90,  General  Dynamics  j  Astronautics 
5776  Kearny  Villa  Road,  San  Diego  12, 
California. 

ASTRONAUTICS 



ENGINEERS  with  "designs  on  space" Listed  below  are  just  a  few  of  the  many  important  openings  now  available  at  General 

Dynamics  j  Astronautics  in  San  Diego,  California.  If  your  field  of  Specialization  is  not 

included,  we  still  urge  your  inquiry  .  .  .  by  letter,  resume  or  the  attached  Professional 

Placement  Inquiry  form. 

ELECTRONIC  ENGINEERING 
BS  or  MSEE  with  applicable  experience  re- 

quired for  assignments  in  telemetry,  radi- 
ation systems,  trajectory  measurement, 

tracking,  guidance,  automatic  controls, 
packaging,  instrumentation,  digital  devices, 
printed  circuitry,  logic  design,  component 
and  systems  testing  or  measurement  sys- 

tems. Openings  exist  in  design,  develop- 
ment, reliability,  vendor  qualification  selec- 

tion, and  test  on  ground  and  airborne  elec- 
tronic components,  subsystems  and  sys- tems. 

DYNAMICS  ENGINEERING 
BS  or  MS  in  engineering,  physics  or  math 
with  two  or  more  years  of  experience  and 
familiarity  with  the  application  of  analog 
and  digital  computer  techniques  for  open- 

ings in  the  following  areas: 
STABILITY  AND  CONTROL:  to  conduct 
theoretical  studies  on  the  control  dynamics 
of  large  space  boosters  and  space  vehicles. 
To  determine  stability  and  transient  re- 

sponse of  space  boosters  in  the  presence 
of  propellant  sloshing,  elastic  bending 
modes,  and  non-linear  servo  characteris- 

tics. Must  be  familiar  with  analysis  and 
synthesis  techniques  for  establishing  and 
evaluating  control  system  parameters. 
Background  in  theoretical  dynamics  is  re- 

quired to  simulate  control  system  environ- 
ments and  general  dynamic  behavior  of 

space  boosters. 
STRUCTURAL  DYNAMICS:  to  determine  re- 

sponse of  an  elastic  space  vehicle  to  tran- 
sient loadings  such  as  atmospheric  turbu- 

lence, engine  ignition,  vehicle  staging. 
Openings  also  exist  in  establishing  vibra- 

tion environment  based  upon  test  or  em- 
pirical data  for  evaluation  of  components 

and  systems  .  .  .  and  for  monitoring  tests 
of  complete  or  scaled  dynamic  models  of 
space  vehicles,  including  layout  of  test 
plant,  instrumentation  requirements,  scal- 

ing factors,  etc. 

ELECTRICAL  ENGINEERING 
BS  or  MSEE  with  applicable  experience  re- 

quired for  assignment  in  launch  control 
systems  design,  packaging,  test  equipment, 
missile  electrical  power  systems  or  com- 

ponent and  systems  testing.  Openings 
exist  in  design,  development,  vendor  quali- 

fication selection,  and  test  of  ground  and 
airborne  missile  electrical  equipment. 

FLIGHT  MECHANICS 
Analytically  talented  graduate  engineers  at 
all  levels  required  for  staffing  of  new  Flight 
Mechanics  Development  Section.  Programs 
include  aerospace  vehicle  guidance  and 
automatic  control,  aeroelasticity,  and  aero- 
physics.  Responsibilities  of  the  Section 
also  involve  technical  analyses  and  simu- 

lation work  in  support  of  all  space  vehicle 
programs  at  Astronautics. 

RELIABILITY  ENGINEERING 
Openings  exist  in  failure  analysis,  testing 
and  reliability  analysis  of  existing  systems. 
BS  in  Engineering  required  with  experience 
in  systems  or  component  test  or  in  analy- 

sis of  behavior  and  performance  of  me- chanical or  electronic  systems. 

MECHANICAL  DESIGN 
Mechanical  Engineers  with  design  expe- 

rience in  structures  or  pneumatic  and  hy- 
draulic systems,  are  required  for  weapons 

and  space  systems  design.  Experience  in 
design  for  extreme  environmental  condi- tions, or  for  cryogenic  fluids  including 
liquid  hydrogen  is  highly  desirable.  BS  in 
AE,  ME  or  CE  required. 

AEROTHERMODYNAMICS  ENGINEERING 
BS  or  MS  in  ME  or  AE  to  develop  design 
criteria  and  perform  methods  development 
in  the  area  of  thermodynamics.  Particular 
considerations  are  re-entry  heating,  heat 
dissipation  in  free  space,  and  aerothermal 
heat  sources.  Should  have  two  years  of 
experience. 

TECHNICAL  WRITING 
Technical  Writers  with  some  college  and/or 
formal  technical  training  and  experience  in 
technical  publications  are  required  for  as- 

signments involving  technical  reports,  tech- 
nical manuals,  manual  subcontractor  con- 

trol, manual  change  control,  technical  man- ual verification  or  proposal  writing. 

If  the  inquiry  card  has  been  removed,  or  if  you  wish  to  furnish  or  request  more  detailed 
information  please  write  to  Mr.  R.  M.  Smith,  Chief  of  Professional  Placement  and  Personnel, 
Mail  Zone  130-90,  General  Dynamics  \  Astronautics,  5776  Kearny  Villa  Road,  San  Diego  12,  Calif. 

GENERAL  DYNAMIC! 
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Technical  Countdown 

ELECTRONICS 

Highly  Efficient  Laser  Developed  by  GE 

A  new  type  of  laser  that  generates  coherent  light  directly 
by  passing  an  electric  current  through  a  semiconductor 
crystal  will  lead  to  the  marketing  of  two  experimental  gal- 

lium-arsenide light  sources  by  General  Electric.  Perfected 
by  Dr.  Robert  N.  Hall  of  GE's  Research  Laboratory,  the 
laser  does  not  require  pumping  by  an  auxiliary  process. 
Excitation  is  achieved  directly  by  injecting  electrons  and 
holes  into  the  plane  of  the  junction  region  in  the  middle  of 
a  tiny  gallium-arsenide  diode.  The  directional  and  coherent 
beam  of  infrared  light  is  emitted  from  the  junction-plane 
edges  at  two  carefully  polished  and  precisely  parallel  sides 
of  the  device.  Achievement  of  laser  action  is  attributed  to 
a  combination  of  improved  control  of  impurities  in  the 
crystals  and  the  concept  of  an  optical  cavity  with  parallel 
reflecting  surfaces  in  which  coherent  light  build-up  occurs. 
In  his  early  experiments,  Hall  has  observed  that  at  least 
half  of  all  the  light  generated  is  coherent,  making  the 
new  laser  far  more  efficient  than  gas  or  crystal  lasers  that 
generally  convert  less  than  1%  of  the  pumping  light  into 
a  coherent  beam. 

Thermal  Mapping  Cuts  Circuit  Test  Costs 

A  method  of  thermal  mapping  that  eliminates  the  need 
for  much  of  the  costly  life-testing  currently  done  on  micro- 

electronic circuits  will  be  marketed  by  Philco's  Lansdale 
Div.  Current  methods  amount  to  no  more  than  a  tempera- 

ture profile  and  involve  extensive  computer  time.  Philco 
uses  a  direct,  rapid  and  non-destructive  infrared  scanning 
process,  useful  down  to  50°C  with  a  resolution  of  1.4  mils. 
The  temperature  profile  is  not  affected  by  the  measurement. 
The  temperature  stability  of  microcircuits  under  any  bias 
condition  can  be  accurately  predicted  through  a  simple 
correlation  of  temperature  profiles  with  storage  life  tests, 
reducing  the  need  for  operating  life  testing. 

Re-entry  Splash  Point  Can  Be  Pinpointed 

A  radio-location  system  combining  the  Loran-C  naviga- 
tion system  with  microwave  tracking  is  being  proposed  by 

Sperry  Gyroscope  Co.  engineers  to  pinpoint  re-entry  vehicle 
splash  points  within  a  ship's  length.  The  system  could  be 
operated  with  four  tracking  ships  equipped  to  receive  radio 
signals  from  both  land-based  Loran-C  transmitters  and  the 
satellite  itself.  Each  ship  can  determine  its  exact  location 
through  the  Loran  signals;  this,  combined  with  the  time  of 
arrival  of  successive  satellite  signals,  would  be  radioed  to 
a  recovery  center.  A  computer  would  then  calculate  suc- 

cessive satellite  positions,  establish  a  predicted  trajectory  and 
point  of  impact.  Atomic  clocks  would  be  used  for  the  timing 
input.  Successful  tests  have  already  been  run  on  the  AMR 
to  synchronize  current  clocks  within  fractional  microseconds. 

Re-Entry  Sheath  May  Be  Useful 
Electrical  power  may  be  obtained  from  the  ionized  shock 

layer  on  a  re-entering  spacecraft,  using  an  on-board  induc- 
tive magnetohydrodynamic  generator.  North  American  Avi- 

ation's Dr.  John  R.  Radbill  indicated  as  much  as  200  kilo- 
watts could  be  generated  in  this  manner.  The  expert  told 

a  Manned  Lifting  Planetary  Entry  Symposium  in  Phila- 
delphia last  week  that  the  power  could  be  used  to  transmit 

TV  over  interplanetary  distances. 

Molecular  Electronic  Airborne  Computer  Readied 

The  first  lightweight,  general-purpose  airborne  digital 
computer  to  use  molecular  electronics  will  soon  be  in  pro- 

duction at  AC  Spark  Plug  Div.,  General  Motors  Corp. 
Dubbed  MAGIC,  the  unit  will  handle  computations  and 
actuate  vehicle  controllers  for  guidance  and  control  of  mis- 

siles, space  vehicles  or  aircraft.  Micrologic  units  from  Fair- 
child  Semiconductor  are  used  in  the  logic  organization  of 
the  computer,  each  element  replacing  about  eight  resistors 
and  transistors.  The  production  model  will  weigh  about  34 
lbs.  and  be  roughly  the  size  of  a  15-in.  portable  TV  set. 

ADVANCED  MATERIALS 

Hydrocarbons  Eliminated  from  Vacuum  Systems 

An  extensive  project  carried  out  by  National  Research 
Corp.  shows  hydrocarbon  contamination  can  be  eliminated 
from  the  oil  diffusion  pumps  in  ultra-high-vacuum  systems 
through  proper  baffling  and  operating  techniques.  Although 
it  has  often  been  thought  that  the  primary  culprit  was  the 
pumps  themselves,  because  of  the  presence  of  oil,  NRC 
researchers  found  that  in  many  cases  the  real  villains  were 
the  rubber  sealing  gaskets  and  inadequate  cleaning  pro- 

cedures. Test  runs  consisted  of  placing  clean  steel  samples 
in  vacuum  chambers  for  150  hrs,  or  less  at  10— 9  torr  ranges. 
A  drop  of  distilled  water  spreading  over  the  entire  surface 
indicated  the  absence  of  even  a  monomolecular  layer  of 
hydrocarbons. 

Potassium  Nitrate  For  Computer  Elements 

Scientists  at  General  Motors  Research  Labs  are  investi- 
gating the  possibility  of  using  cheap  and  abundant  potassium 

nitrate  for  computer  and  amplifier  elements.  The  material 
has  nearly  ideal  electrical  characteristics — including  appar- 

ent true  "coercivity"  at  room  temperatures,  under  certain 
conditions.  Current  research  is  concentrating  on  deterrnining 
the  factors  affecting  the  stability  of  the  ferroelectric  form 
of  the  nitrate  at  ordinary  temperatures. 

Zeolite  For  Fuel  Cells? 

Electrolytes  made  of  a  synthetic  zeolite  membrane  are 
being  explored  by  scientists  at  Astropower,  Inc.,  subsidiary 
of  Douglas  Aircraft  Co.,  as  a  substitute  for  the  more  con- 

ventional liquid  or  organic  ion-exchange  electrolyte  mate- 
rials. The  membrane  will  be  compressed  between  two  thin 

metallic  layers,  the  electrodes  of  the  sandwich.  The  NASA- 
funded  study  calls  for  each  wafer  design  to  be  tested  for 
hydrogen  ion  exchange  capacity,  water  absorption  equi- 

librium, electrical  conductivity,  chemical  stability,  diffusion 
and  porosity.  Such  wafers  should  operate  in  many  different 
fuels  and  oxidizers,  resist  high  radiation  levels,  minimize 
corrosion  and  pressure  problems  and  perform  efficiently 
under  zero-g  conditions. 

Haynes  Cb-Alloy  Profiled 
An  extensive  properties  profile  is  offered  by  Haynes 

Stellite  on  its  Cb-752,  a  high-strength,  f  abricable  columbium- 
based  alloy  in  the  running  for  such  programs  as  Asset, 
Apollo  and  Dyna-Soar  (X-20).  The  alloy  has  a  yield  strength 
over  18,000  psi  at  2400°F  and  is  machinable  by  conven- 

tional methods.  Last  week,  Haynes  displayed  a  0.016-in.- 
thick  sheet,  40  in.  long  and  100  in.  wide,  at  the  1962  Metals 
Show  in  New  York  City. 
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nuclear  space  systems 

SNAP  Safety  Tests  Slated  for  Orbit 

Agena  to  carry  re-entry  package  for  tests 
of  nuclear-core  burn-up  characteristics 

TAPE  RECORDER  (right)  and  FM/FM  telemetry  unit  re-entered  in  titanium  canister, 
which  secured  temperature  data  via  external  transducers  in  same  path  as  samples. 

AT  LEAST  FOUR  SNAP  devices 
will  be  orbited  by  the  Air  Force  Special 
Weapons  Center  beginning  next  year 
in  safety  tests  to  investigate  the  burn-up 
characteristics  of  nuclear  power  pack- 

ages during  re-entry.  Two  SNAP-2  and 
two  SNAP-10A  units  will  be  used  in 

the  upcoming  "Snapshot"  phase  of  the 
program. 

Completion  of  the  joint  Atomic 
Energy  Commission/ Air  Force  tests  will 
hasten  AF  use  of  completely  operational 
nuclear  power  units  on  its  MIDAS  and 
SAMOS  satellite  systems.  The  SNAP- 
10A  units,  using  a  thermoelectric  sys- 

tem, are  expected  to  provide  224,000 
kilowatt  hours  of  power  for  equipment 
aboard  the  Air  Force's  two  highest- 
priority  satellites. 

Lifetime  of  the  unit  is  expected  to 
be  at  least  one  year  of  500-watt  per- 

formance, using  a  modified  SNAP-2 
reactor.  Designed  to  operate  mostly  on 
a  static  basis,  SNAP-10A  will  use  a 
thermoelectric  generator  for  power  con- 
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version,  and  will  require  no  control 
equipment  after  orbital  start-up. 

Shielding  for  the  electronics  and 
other  portions  of  the  satellite  payloads 
will  boost  the  system's  unshielded  weight of  525  lbs.  to  about  750  lbs. 

Ballistic  tests  flown  aboard  Atlas  E 
ICBM's  from  Cape  Canaveral  carried 
instrumented  pods  downrange  with  eight 
simulated  cores  each.  Cores  were  de- 

stroyed upon  re-entry  to  gain  data  on 
the  materials  and  designs  involved. 
These  tests  ended  last  August. 

In  the  orbital  Snapshot  tests,  the 
payloads  again  will  be  deliberately 
burned  up  upon  re-entry  to  gain  further 
data  on  the  same  problems,  as  well  as 
to  check  out  the  correlation  between 
theoretical  and  experimental  data. 

Maj.  Herman  W.  Baker,  chief  of  the 
Nuclear  Power  Div.,  said  AFSWC  is 
running  the  tests  as  part  of  its  respon- 

sibility for  operational  use  of  nuclear 
power  for  AF  programs,  including  tying 
of  basic  packages  to  specific  uses. 

by  Frank  G.  McGuire 

Although  the  Snapshot  program  is 
largely  classified,  it  has  been  announced 
that  the  750-lb.  SNAP-10A  system, 
capable  of  generating  500  watts  of 
electrical  power,  would  fit  ideally  into 
Air  Force  satellite  programs  such  as 
MIDAS  and  SAMOS.  An  AEC  state- 

ment said  the  nuclear-powered  versions 
of  the  AF  satellites  were  due  for  flight 
tests  early  in  1963. 

The  Atlas-Agenci-B  vehicles  will  go 
into  polar  orbit  from  Pt.  Arguello,  Calif., 
to  provide  early  operational  experience 
with  the  nuclear  power  supplies  under 
conditions  closely  approximating  the 
ultimate  M1DAS/SAMOS  missions. 

The  ballistic  tests  from  Cape  Canav- 
eral contained  no  radioactive  material, 

but  the  Snapshot  series  presumably  will 
have  operating  systems  aboard. 

Initial  flights  in  the  safety  program 
began  July  31,  1961,  when  an  Atlas 
took  a  100-lb.  pod  of  materials  down 
the  Atlantic  Missile  Range.  Succeeding 
shots  resulted  in  three  successes  in  five 
launch  attempts. 

•  Ballistic  flight  details — In  the  last 
four  ballistic  flights,  a  500-lb.  pod  was 
carried  on  each  missile  and  ejected  to 
descend  on  a  separate  trajectory.  The 
pod,  containing  eight  simulated  cores 
in  four  different  configurations,  scat- 

tered various  packages  along  its  trajec- tory. 

Re-entry  heat,  estimated  to  be  about 
10%  of  that  encountered  during  orbital 
re-entry,  ablated  the  materials  in  the 
test  articles  and  released  flare  material 
inside.  Ignition  of  the  flare  material  was 
photographed  by  aircraft  equipped  with 
batteries  of  spectrophotometric  cameras 
and  data  obtained  from  which  it  can  be 
determined  when  operational  SNAP  de- vices would  burn  up. 

The  telemetry  capsule  sent  heating 
information  back  to  ground  stations  for 
use  in  confirming  environmental  condi- 

tions, while  the  flare-loaded  material 
samples  gradually  melted  and  disinte- 

grated. Samples  of  cesium,  rubidium, 
potassium,  and  sodium  were  used  in 
both  spherical  and  cylindrical  form. 
Melting  points  were  preciscely  calcu- 

lated by  coordinating  data  gained  from 
cameras,  ground  radar  centers  that 
established  precise  aircraft  position,  and 
timing  techniques. 
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A  star  background  was  also  photo- 
graphed to  provide  additional  position 

verification. 
•  Disintegration  critical  —  Maj. 

Philip  McMullen,  project  engineer,  said 
AFSWC  is  evaluating  a  number  of  addi- 

tives to  ensure  the  complete  disintegra- 
tion of  nuclear  cores  upon  re-entry.  The 

additives  would  increase  the  emissivity 
and  decrease  the  viscosity  of  the  ma- 
terials. 

The  pod  consists  of  channels  into 
which  the  material  samples  are  placed 
against  a  spring-loaded  ejection  device 
operated  by  programing  equipment.  The 
telemetry  capsule,  located  in  the  center 
channel,  is  similarly  ejected  and  follows 
the  other  packages  down.  The  first  flight 
in  the  program  was  principally  to  test 
operation  of  the  telemetry  capsule  to 
ensure  that  later  tests  would  not  be 
jeopardized  by  its  faulty  operation. 
Samples  of  sodium  and  potassium  were 
also  included  to  check  the  flare  tech- 
nique. 

Non-nuclear  components  of  SNAP 
systems  are  due  to  be  flight-tested  in 
a  similar  manner,  as  are  complete  radio- 

isotopic generators. 
Experiments  have  thus  far  given 

AFSWC  a  firm  correlation  between 
theoretical  and  performance  informa- 

tion, and  confidence  in  ability  to  pre- 
dict configurations  has  been  consider- 
ably increased. 

Other  studies  by  AFSWC's  Nuclear 
Power  Div.  include  attempts  to  derive 
a  model  that  will  describe  the  formation 
and  ablation  of  layers  of  molten  mate- 

rial on  and  from  the  surface  of  a  re- 
entering fuel  element.  Theoretical  analy- 

sis and  experiments  are  being  used  to 
formulate  the  model,  which  will  include 
parameters  such  as  aerodynamic  forces, 
inertial  forces,  and  thermodynamic  con- 
ditions. 

Analysis  of  the  hazards  of  nuclear 

RE-ENTRY 

^R/V 

CAPSULES 

RADAR. 

PHOTO  A/C 

SIMULATED  CORES  of  varying  shapes  and  wall  thicknesses  were  ejected  from  four 
outer  channels  of  pod  after  telemetry  can  ejected  from  center  channel  in  testing. 

power  devices  will  include  determina- 
tion of  atmospheric  diffusion  charac- 

teristics of  various  particle  sizes  simu- 
lating debris  from  a  destructive  burn-up 

of  a  re-entering  reactor. 
•  Other  studies  —  In  addition  to 

straightforward  re-entry  studies,  the 
Nuclear  Power  Div.  is  studying  methods 
other  than  re-entry  to  remove  a  reactor 
from  Earth  orbit. 

NPD  has  a  program  under  way  to 
develop  handling  equipment  for  all  AF 
SNAP  devices  and  nuclear  propulsion 
systems.  Advent  of  the  nuclear  systems 
has  brought  about  increased  emphasis 
on  methods  of  handling  routine  serv- 

icing and  emergency  handling  of  nu- 
clear components. 

ASTRONOMICAL 

SHOT 

TM  A/C 

ASC. 
AS 

SPLASH  AREA 

RADAR,  TELEMETRY  and  photos,  including  star  positions,  pinpointed  flare  ignition 
times  and  altitudes  as  a  total  of  32  simulated  cores  burned  up  upon  re-entry. 

Although  remote  manipulating  de- 
vices are  common  in  laboratories,  NPD 

points  out  that  very  little  work  has  been 
done  in  the  fields  of  mobile  remote 
manipulation  devices  capable  of  moving 
over  unprepared  terrain,  handling  heavy 
loads  or  performing  emergency  recovery 
or  rescue  operations. 

A  primary  safety  consideration  is 
that  power  units  containing  reactors  are 
designed  so  that  the  reactor  cannot  be- come critical  until  an  orbit  of  several 
hundreds  of  years  has  been  established. 

Ground  safety  tests  of  SNAP  de- 
vices have  included  fire  tests  where 

14,500  lbs.  of  kerosene,  aniline  and 
nitric  acid  were  ignited  over  a  simulated 
missile  structure  holding  five  nuclear 
generator  assemblies.  After  a  15-min. 
fire  where  peak  temperatures  reached 
more  than  5000°F,  no  detrimental  ef- fects were  noted. 

Explosion  tests  using  1650  lbs.  of 
TNT  were  conducted  on  SNAP  units 
made  of  Haynes  25  alloy  and  various 
grades  of  aluminum,  subjecting  the  de- 

vices to  shock  pressures  of  1000  psi. 
AEC  technicians  said  even  the  lowest 
grade  aluminum  core  retained  its  me- chanical integrity. 

Impact  tests  used  two  complete  gen- 
erators and  one  bare  fuel  capsule.  Maxi- 

mum velocity  was  obtained  by  firing 
the  specimens  against  a  granite  block. 
The  preheated  bare  fuel  capsule  was 
deformed  but  did  not  rupture  on  impact. 

Still  not  satisfied,  AEC  ran  test  speci- 
mens through  plasma  arc  tunnels  for 

simulated  re-entry  tests.  The  complete 
generator  and  fuel  core  subjects  sub- 

stantiated that  SNAP  devices  would 
burn  up  to  micron-sized  particles  upon 
re-entry,  and  disperse  completely.  8 
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advanced  materials 

OCF  Sets  Up  New  Defense/Space  Group 

Division  will  guide  government  contract  activities, 

expected  to  increase,  while  protecting  know-how 

OWENS-CORNING  Fiberglas 
Corp.  is  establishing  a  new  corporate 
division  to  meet  the  intricate  demands 
of  the  defense/space  market  in  glass 
fibers  and  allied  technologies. 

In  announcing  the  move,  OCF  Presi- 
dent Harold  Boeschenstein  told  M/R 

the  new  division  will  have  all  the  cor- 
porate backing  required  to  perform  its 

function  adequately. 
Managed  by  Vice  President  Reeve 

K.  Biggers,  the  new  Aerospace  Div.  will 
guide  research,  development  and  mar- 

keting activities  in  specialized  military/ 
space  fields. 

Initial  staffing  will  be  low,  as  the 
division  seeks  to  define  its  areas  of  op- 

eration through  discussions  with  NASA, 
the  military  and  prime  contractors.  Big- 

gers intends  to  keep  the  group  small 

by  John  F.  Judge 

and  flexible  while  taking  maximum  ad- 
vantage of  OCF's  talents  and  facilities. Dr.  Jesse  Plummer  will  head  the 

technical  staff  and  E.  M.  Lindsay  will 
manage  laboratory  operations.  Support- 

ing personnel  are  being  gathered  both 
from  OCF  and  outside  the  firm. 

•  More  government  contracts — The 
division  will  take  over  all  current  gov- 

ernment contracts  and  other  related  ac- 
tivities in  progress  at  OCF.  Biggers 

anticipates  an  increase  in  this  area  as 
the  firm's  research  and  development  ac- 

tivity becomes  more  closely  tuned  to 
military/  space  problems. 

But  OCF  still  intends  to  protect  its 
investment  in  glass  technology  and  its 
position  in  an  extremely  competitive 
commercial  market  by  exercising  care 
in  future  government  contracts. 

Glass  fiber  technology  is  still  largely 
an  art,  even  though  OCF  has  built 
an  extensive  research  capability.  This 
know-how  is  what  the  firm  seeks  to  pro- 

tect. A  commercially  oriented  firm  such 
as  OCF  regards  its  contribution  to  the 
solution  of  NASA  and  defense  problems 
as  an  increment  made  possible — and 
supported — by  the  whole  spectrum  of 
glass  technology  acquired  over  decades. 

Glass  in  the  form  of  fiber-reinforced 
plastics  has  solved  several  difficult  prob- 

lems in  the  missile  field.  One  example 
is  filament-wound  solid-rocket  motor 
cases,  where  both  dollar  and  weight 
savings  have  been  effected. 

But  glass  producers  have  been  criti- 
cized by  fabricators  for  not  devoting 

sufficient  effort  to  the  many  problems 
in  the  volume-limited  defense  and  space 
areas,  and  concentrating  on  the  highly 
lucrative  commercial  markets.  The  OCF 
development  should  significantly  allevi- 

ate this  situation. 
•  Other  glass  research  —  Filament 

winding  is  not  the  only  area  of  interest 
to  OCF  (M/R,  April  16,  p.  24).  Biggers 
says  research  is  in  progress  on  high-tem- 

perature crystal  fibers  to  replace  or 
supplement  materials  now  available  for 
high-temperature  applications. 

Other  development  projects  include 
studies  of  cellular  glass  pellets,  glass 
flake,  high-tensile-strength  glass,  low- 
dielectric  glass  and  glass-metallic  fibers. 

The  pellets  combine  light  weight 
with  unusually  low  conductivity  and  a 
melting  point  of  1700°F.  The  flake  is 
a  reinforcing  material  that  can  provide 
improved  stiffness  and  thermal  proper- 

ties for  composite  structures — with  ex- 
tremely low  permeability. 

Metal-coated  fibers  or  glass  fibers 
with  metal  cores  may  find  their  way  into 
electronic  and  electromagnetic  applica- tions. 

While  the  division  expects  to  keep 
potential  customers  aware  of  these  de- 

velopments, it  also  must  keep  OCF 
abreast  of  the  problem  areas.  These  are 
so  varied  and  changing  almost  day-to- 

day that  OCF  found  itself  unable  to 
cope  with  them  without  a  major  line 
organization  such  as  the  new  division.  8 

Biggest  Case  Ever  Shipped 

Overland  En  Route  to  ARS 

MASSIVE  156-in.-dia.  rocket  engine  case  built  by  Hercules  Powder  Company  is  shown 
during  early  stages  of  cross-country  trucking  from  New  Jersey  to  the  American  Rocket 
Society's  Seventeenth  Annual  Meeting  and  Space  Flight  Exposition,  to  be  held  in  Los 
Angeles  Nov.  13-18.  The  case,  over  25  ft.  long,  contains  240  million  miles  of  glass 
threads  and  is  the  largest  yet  made  by  the  filament-winding  process.  If  it  completes  its 
journey,  the  20,000-lb.  Hercules  case  will  be  the  first  of  such  size  to  make  the  arduous 
coast-to-coast  overland  trip.  The  chamber  is  designed  for  1200  psi  minimum  burst  with 
composite  hoop  stress  of  85,000  psi.  Steel  polar  fittings — used  to  cut  cost  and  expedite 
delivery — account  for  27%  of  the  weight.  A  combination  of  helical  and  90°  windings 
was  used  during  fabrication  at  Hercules'  Rocky  Hill,  N.J.  plant  to  provide  the  required 
longitudinal-to-girth  strength  ratio  (M/R,  June  25,  p.  31).  Winding  took  two  weeks. 
40 missiles  and  rockets,  November  5,  1962 



ARPA  Pushes  Hybrids 

(Continued  from  page  14) 

marked  implementation  of  the  program. 
In  March,  after  evaluation  of  the  studies 
conducted  in  1961,  ARPA  held  two 
meetings  to  devise  a  program  to  carry 
out  recommendations.  Decisions  were 
made  on  March  28;  requests  for  pro- 

posals were  mailed  within  a  week; 
ARPA  committed  funds  to  the  program 
on  June  13;  the  first  contract  was 
awarded  by  AOMC  on  June  28;  and 
the  other  three  contracts  were  signed 
by  Oct.  1. 

Because  of  the  service-wide  nature 
of  the  hybrid  rocket  potential,  ARPA, 
rather  than  any  of  the  services,  under- 

took the  initiative — even  though  Navy 
had  spearheaded  some  of  the  early 
work.  NASA,  although  not  supporting 
the  ARPA  program  with  funding,  is 
participating  in  exchange  of  informa- 

tion between  the  Defense  Department 
programs  and  its  own. 

ARPA  officials  declined  to  cite  spe- 
cific chemical  combinations  under 

study,  or  give  other  details  of  research 
work.  However,  the  agency  stresses  the 
cooperative  team-effort  nature  of  the 
program  and  the  ease  of  information 
exchange.  Singled  out  for  praise,  al- 

though it  is  not  under  the  accelerated 

Shape  of  First  Nuclear-powered  Vehicle 
ARTIST'S  CONCEPT  of  RIFT  (Reactor  In  Flight  Test)  stage  to  be  built  and  flight- 
tested  by  Lockheed  Missiles  &  Space  Co.  for  NASA.  First  flight  is  due  in  1966-67. 

program,  was  United  Technology  Corp., 
for  its  work  under  a  separate  ARPA 
contract  covering  research  on  hybrid 
rocket  combustion  problems. 

ARPA  said  it  has  set  out  guidelines 

for  the  industrial  contractors  to  follow, 
but  has  tried  to  avoid  influencing  the 
judgment  of  the  contractors.  Under  the 
recent  contracts,  quarterly  progress  re- 

ports are  due  from  each  firm.  tt 

THERE'S 
ACTION 

IN  ROCKETS 
AT  BELL  AEROSYSTEMS 

With  the  establishment  of  the  Bell  AGENA  as 
the  workhorse  of  the  Space  Age  (chalked  up  a 
record  of  98.8%  reliability  in  Air  Force  and 
NASA  satellite  and  space  probe  programs),  Bell 
is  continuing  to  seek  out  new  applications  for  ad- vanced AGENAS.  The  reaction  controls  for  the 

Mercury  capsule  were  also  developed  at  Bell,  and 
work  is  now  in  progress  on  further  developments 
in  reaction  controls  for  a  variety  of  space  pro- 

grams. Additional  investigations  are  continuing 
in  very  high  energy  rocket  engines  and  in  develop- 

ment of  a  multiple  re-start  rocket  engine. 

ROCKET  TEST 

STRUCTURES 

POSITIONS  ARE  OPEN  NOW  IN: 

MATERIALS  RESEARCH 

HEAT  TRANSFER 
INSTRUMENTATION  DEVELOPMENT 

ROCKET  DEVELOPMENT 
To  conduct  analytical  and  design  studies  and 
investigations  in  all  areas  of  liquid  propellant 
engines  and  systems;  perform  conceptual  de- 

sign and  supporting  analyses  for  new  rocket 
propulsion  devices. 

ROCKET  SYSTEMS 
Analysis  for  propulsion  systems  of  interrelated  effects  of  system  con- 

figuration changes,  cumulative  controlled  tolerances  of  components, 
thermal  variations,  hardware  interchangeability  and  dynamic  conditions 
on  gas  storage  requirements,  and  system  steady  state  and  transient 
performance. 

J  IVfck  Your  inquiries  are  invited. 
■  Please  address  resumes  to  Mr.  T.  C.  Fritschi,  Dept.  C-6. 

BELL  AEROSYSTEMS  CO. 
DIVISION  OF  BELL  AEROSPACE  CO RPO RATION -A  (gXtTWfl  COMPANY 

An  Equal  Opportunity  Employer       P.O.  BOX  #1,  BUFFALO  5,  NEW  YORK 
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FRUEHAUF'S 

VAST  RESOURCES 

ARE  KEYED  TO 

SPACE  AGE  NEEDS 

Fruehauf's  vast  resources  for  the  designing  and  producing 
of  space  age  equipment  have  provided  a  wide  range  of  mili- 

tary products  .  .  .  from  standard  and  custom  vans,  shelters 

and  trailers  to  advanced  aerospace  ground  handling  equip- 

ment. On  both  prime  and  subcontracts,  Fruehauf's  engineer- 
ing know-how  has  consistently  demonstrated  its  capacity 

for  handling  the  toughest  problems— swiftly,  efficiently. 

Fruehauf  capability  played  an  important  part  in  the  cele- 

brated flight  of  the  X-15  .  .  .  the  world's  first  man-controlled 
winged  space  flight.  Fruehauf  supplied  North  American 

Aviation,  working  under  the  National  Aeronautics  and 

Space  Administration,  with  Anhydrous  Ammonia  Tank 

Trailers  for  fueling  the  X-15  prior  to  take-off.  Fruehauf  also 

provided  lox  tanks  for  servicing  the  X-15  from  the  B-52 
mother  ship  while  in  flight. 

For  additional  facts  on  Fruehauf's  capability  for  design- 
ing, researching,  developing  and  producing  military  and 

space  age  equipment  of  all  kinds,  send  for  your  free  copy 

of  "Fruehauf  G.S.E.-Military  and  Missile." 

"ENGINEERED  TRANSPORTATION"— 
The  Key  to  Transportation  Savings 
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MILITARY  PRODUCTS 
A  FRUEHAUF  DIVISION 
10940  HARPER  AVENUE,  DETROIT  32,  MICHIGAN 
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The  Industry  Week 

ASPR  Study  Group  Set  Up 
The  new  Defense  Industry  Advisory  Council 

has  set  up  a  study  subcommittee  to  investigate 
implementing  changes  in  the  Armed  Services 
Procurement  Regulation  (ASPR).  Deputy  Secre- 

tary of  Defense  Roswell  Gilpatric  was  chairman 
of  the  Oct.  20  executive  session  of  the  council, 
at  which  the  subcommittee  was  set  up. 

Among  those  serving  on  the  study  group  are : 
Westinghouse  Executive  Vice  President  E.  V. 
Huggins,  Avco  President  James  R.  Kerr  and 
Olin  Mathieson  Chemical  Corp.'s  Board  Chair- man Thomas  S.  Nichols. 

A  technical  working  group  supporting  these 
council  members  will  include:  George  Frost  of 
General  Electric,  Paul  Young  of  Philco,  and  Neal 
Hundt  of  American  Machine  &  Foundry,  as  well 
as  DOD  representatives  Graeme  Bannerman,  Col. 
William  Thybony,  and  Kenneth  Kilgore. 

Other  highlights  of  the  meeting  were  dis- 
cussions of  source  selection  (led  by  Litton  In- 
dustries Board  Chairman  C.  B.  Thornton),  cost 

principles  (led  by  Chrysler  VP  T.  F.  Morrow) 
and  contractual  incentives  (led  by  Space  Tech- 

nology Laboratories  President  R.  F.  Mettler). 
Next  DIAC  session  is  scheduled  for  January. 

Industry  Facilities 

Union  Carbide  Corp.  is  adding  major  pro- 
duction facilites  at  three  sites  adjacent  to  key 

rocket  development  centers.  The  facilities  will  be 
built  and  operated  by  Linde  Co.,  a  division  of  the 
firm.  One  of  these  is  a  liquid-oxygen/nitrogen 
plant  to  be  built  at  a  110-acre  site  on  the  New 
Orleans  intercoastal  waterway.  The  two  other 
expansions  will  be  at  Huntsville,  Ala.,  and  Deer 
Park,  Tex.  .  .  .  More  than  700  of  the  10,650  em- 

ployees at  General  Electric's  Missile  and  Space 
Div.  facilities  near  Philadelphia  will  be  laid  off 
for  lack  of  business  at  the  company's  R&D  cen- 

ter. Layoffs  will  be  gradual,  taking  place  between 
now  and  the  end  of  March  1963.  ...  In  a  double- 
barreled  expansion  move  to  accommodate  cus- 

tomers across  the  country,  Electronic  Enclosures, 
Inc.,  has  opened  two  new  factories — one  in 
Camden,  N.  J.,  and  the  other  in  Culver  City, 
Calif.  This  is  the  firm's  third  major  move — 
forced  by  growing  business — over  its  six-year 
history.  .  .  .  The  225-acre  Santa  Barbara,  Calif., 
Research  Park  is  now  being  shown  to  prospec- 

tive occupants.  Sites  of  an  acre  or  more  are 
offered  either  for  sale  or  on  a  "build-to-suit-and- 
lease"  basis.  The  park  is  part  of  a  ̂ 100-acre 
planned  community  being  developed  by  the  Bel 
E.  Webb  Corp.  .  .  .  Lear  Siegler  Inc.'s  Indus- 

trial Div.  has  opened  a  modern  15-units/mo.  mi- 
crocircuit  production  facility  at  its  industrial 
complex  in  Grand  Rapids,  Mich.  A  feature  of  the 
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new  operation  is  an  LSI-developed  "Multicoater," 
which  can  produce  320  half-inch-square  sub- 

strates or  720  quarter-inch-square  substrates 
during  an  eight-hour  shift.  .  .  .  Raytheon  Co.  will 
open  a  50,000-sq.-ft.  electronic  components  plant 
this  month  in  a  duty-free  industrial  zone  at  Shan- 

non, Ireland's  international  airport.  The  opera- 
tion— to  be  known  as  Industrial  Components,  Ire- 

land, Ltd. — will  be  a  wholly  owned  Raytheon  l| 
subsidiary.  || 

Trends  in  Industry  | 
In  a  recent  report  on  R&D  in  U.S.  industry, 

the  National  Science  Foundation  says  aerospace, 
electrical  equipment  and  communications  indus-  g 
tries  played  "the  predominant  role  in  federally 
financed  industrial  R&D  performance"  in  1961.  j 
Foundation  figures  attributed  $3.6  billion  worth 
of  federal  R&D  projects  in  that  year  to  the  air- 

craft and  missiles  category — a  slight  decline  i 
from  previous  years.  Total  industrial  R&D  in 
1961 — both  federally  and  privately  sponsored — 
was  nearly  $11  billion;  it  is  expected  to  be  about 
4%  higher  this  year,  NSF  says.  .  .  .  The  price 
of  silver  should  "remain  high — above  $1.15  an 
ounce,  unless  the  U.S.  Treasury  starts  selling 
silver  again,"  says  Jack  Kaplan,  president  of 
Spiral  Metal  Co.  Kaplan's  South  Amboy,  N.J., 
firm  is  one  of  the  world's  few  smelters  and  re- 

finers of  industrial  silver-bearing  scrap.  Missile/ 
space  uses  of  the  metal  have  increased  demands 
for  it  to  the  point  that  "industry  is  now  using  g 
more  of  it  than  is  being  produced,"  Kaplan  says. 

Signed,  Sold,  Delivered 
Power  Designs,  Inc.,  Westbury,  N.Y.,  is  com- 

pleting negotiations  for  purchase  of  Carad  Corp., 
Palo  Alto,  Calif.  Both  firms  manufacture  elec-  1 
tronic  power  supplies.  Purchase  would  double 
PD's  volume  and  plant  capacity  and  extend  the 
firm's  capabilities  to  include  very-high-voltage 
units.  .  .  .  Fairchild  Camera  &  Instrument  Corp. 
will  acquire  the  Winston  Research  Corp.,  West 
Los  Angeles.  WRC,  a  communications  R&D  firm, 
will  allow  Fairchild  to  take  over  management 
and  financial  support  immediately,  and  full  take- 

over date  is  Jan.  2.  ...  In  a  move  to  expand 
its  Florida  operations,  Barnes  Engineering  Co., 
Stamford,  Conn.,  has  acquired  all  assets  of  Ver- 
satronics  Corp.,  Fort  Walton  Beach,  Fla.  Pur- 

chase— financial  details  of  which  were  not  dis- 
closed— extends  Barnes  capabilities  to  provide 

complete  systems  for  missile  range  applications. 
.  .  .  Lear  Siegler,  Inc.,  will  buy  J/0,000  shares  of 
Astek  Instrument  Corp.  stock  by  Nov.  15,  with 
options  for  later  purchase  of  another  20,000 
shares.  Astek  says  the  deal  will  produce  new 
capital  for  expansion.  LSI  has  been  represented 
on  Astek's  board  since  last  April. 



contracts  and  procurements 

AWARDS 

AIR  FORCE 

$20,992,000 — General  Electric  Co.,  Philadelphia, 
for  additional  work  on  space  programs  (2 
contracts). 

$20,838,040 — Thiokol  Chemical  Corp.,  Brigham 
City  Utah,  for  Stage  1  Minuteman  motors. 

$5,446,533— Mitre  Corp.,  Bedford  Mass.,  for  sys- tems engineering  for  command  and  control 
systems. 

$5,000,000 — American  Machine  &  Foundry  Co., 
Greenwich,  Conn.,  for  the  re-installation  and 
check-out  of  the  Titan  ICBM  launcher  at  the 
4C-1  complex  at  Beale  Air  Force  Base,  Calif. 

$4.500,000 — Martin  Marietta  Corp.,  New  York 
City,  for  continued  research  and  development 
of  a  space  program  launch  vehicle  program 
(supplemental  contract).  Work  to  be  done  at Baltimore. 

$3,020,000 — General   Dynamics/Astronautics,  Los 
Angeles,  for  an  Atlas  standardized  space 
launch  vehicle  (SLV). 

$2,820,000 — General  Dynamics  Corp.,  New  York 
City,  for  work  on  Atlas  missiles  at  Vanden- 
berg  Air  Force  Base,  Calif,  and  Cape  Ca- naveral. 

$2,500.000 — American   Machine  &   Foundry  Co., 
New   York  City,  for  work  on  the  Titan  I 
facilities  at  Beale  Air  Force  Base,  Calif. 

$1,454,000 — United  Technology  Corp.,  Sunnyvale, 
Calif.,  for  work  on  rocket  motors. 

$40,765— Boeing  Co.,  Seattle,  Wash.,  for  assembly 
of  Minuteman  missiles  and  production  of  their 
parts. 

ARMY 
$2,986,017— Sperry  Utah  Co.,  Salt  Lake  City, 

Utah,  for  production  of  Sergeant  missile 
technical  manuals. 

Ford  Motor  Co.'s  Aeronutronic  Div.,  Newport 

High  Mass  Flow 

•  Impellers 

•  Inducers 

•  Rotors 

Area  Code  607-AR  2-8500 
1001  Hudson  Street  Ext.,  Ithaca,  New  York 

Beach  Calif.,  for  a  study  of  the  reliability  of 
the  "human  component"  in  large  and  complex electronic  equipment  and  systems  (undisclosed amount). 

NAVY 
$5,000,000 — Westinghouse  Electric  Co.,  Sunnyvale, 

Calif,  for  Polaris  missile  launcher  systems. 
$2,800,000— Vitro  Corp's  Vitro  Laboratories  Div., Silver  Spring,  Md.,  for  work  on  shipboard 

surface-to-air  guided  missile  systems  (3  con- tracts). 
$242,000 — Operations  Research  Inc.'s  Management Systems  Div.,  Santa  Monica,  Calif.,  for  further 

implementation  of  the  RMI  system  throughout 
the  Polaris  program  for  further  sophistication 
of  this  reliability  system. 

NASA 
$319,900,000 — North  American  Aviation,  Inc.'s Space  &  Information  Div.,  Downey,  Calif.,  for 

development  and  production  of  the  second 
stage  of  the  advanced  Saturn  rocket. 

$1,512,731 — Welfare  Process  Piping  Co.,  Inc.,  and Grefe  and  Associates,  Inc.,  Boise,  Idaho,  for 
fabrication  and  erection  of  a  flame  deflector 
for  the  Saturn  C-5  booster  static  test  tower. 

INDUSTRY 
$3,500,000— Sylvania  Electric  Products,  Inc.  New 

York  City,  from  Princeton  University  Observ- 
atory, for  development  of  optical  and  elec- 
tronic equipment  to  be  used  in  an  Orbiting 

Astronomical  Observatory  satellite  program 
directed  by  NASA. 

$1,300,000 — Radio  Corp.  of  America,  Camden, 
N.J.,  from  Republic  Aviation  Corp.,  for  a  data 
acquisition  and  communications  subsystem  for 
Project  Fire,  a  research  effort  to  study  heat- transfer  problems  encountered  by  spacecraft 
re-entering  the  atmosphere  at  high  speeds. 

$  1 ,250,000— Haveg  Industries,  Inc.,  Wilmington, 
Del.,  from  Portland  Copper  and  Tank  Works, 
Inc.,  for  Stage  I  Minuteman  equipment. 

$1,000,000 — Marquardt  Corp.'s  Ogden,  Utah  plant, 
from  Aerojet-General  Corp.'s  Solid  Rocket plant,  for  nozzles  for  the  first  stage  of  the 
Navy's  Polaris  missiles. 

$600,000 — Radiation  Inc.,  Melbourne,  Fla.,  from Bell  Telephone  Laboratories  for  additional 
equipment  for  the  Nike-Zeus  antimissile  missile 
system. $550,000 — Pyle-National  Co.,  Chicago,  from  Boe- 

ing Co.,  for  parts  for  the  data-transmission 
system  for  use  in  Minuteman  missiles. 

$225,000 — Radio  Corp.  of  America,  New  York 
City,  from  Boeing  Co.,  for  provision  of  spares 
for  Minuteman  test  equipment  for  the  assembly 
and  checkout  programs  at  Malstrom  Air  Force 
Base,  Mont.,  and  Vandenberg  Air  Force  Base, 
Calif. Power  Sources  Div.  Of  Telecomputing  Corp.,  Los 
Angeles,  from  Lockheed  Missiles  and  Space 
Co.,  for  batteries  to  be  used  on  Polaris  missile 
program  (undisclosed  amount) . 

Eagle-Picher  Co.,  Joplin,  Mo.,  from  North  Ameri- can Aviation,  Inc.,  for  batteries  which  will 
provide  electric  power  for  Apollo  during  and 
after  re-entry  (undisclosed  amount). 

REQUESTS  FOR  BIDS 

GENERAL  PROCUREMENTS 
Nike  Zeus  Project  Office 
Redstone  Arsenal,  Ala. 
The  Nike-Zeus  Project  Office,  Army  Material 

Command,  through  the  New  York  Ordnance  Dis- 
trict proposes  to  award  a  contract  supplement  to 

Western  Electric  Co.  for  continuation  for  pro- 
viding and  firing  probes  to  support  Operation 

"Fishbowl".  The  proposed  date  for  contract  award 
is  11-15-62.  Competitive  solicitation  is  precluded 
because  of  the  continuing  nature  of  the  develop- 

ment effort.  This  synopsis  is  to  publicize  sub- 
contracting opportunities.  All  inquiries  relative  to 

subcontracting  must  be  directed  to  Western 
Electric  Co.,  Inc.,  222  Broadway,  New  York 
38,  N.Y. 

Bureau  of  Naval  Weapons 
Washington  25,  D.  C. 
For  information  purposes  only.  Bureau  of 

Naval  Weapons  contemplates  award  of  a  con- 

tract to  General  Electric  Co.,  Pittsfield,  Mass., 
for  field  engineering  services  in  support  of  Polaris 
fire-control  and  guidance  systems.  Award  will 
be  made  on  the  basis  of  a  continuation  of  serv- 

ices previously  started  by  the  above  firm  in  sup- 
port of  General  Electric-manufactured  equipment. This  notice  is  made  for  information  purposes 

only.  Other  proposals  cannot  be  considered  for 
the  above  procurement.  PR  No.  SP  1088-63. 
BuWeps  Synopsis  No.  103-63. 

U.  S.  Navy  Ordnance  Supply  Office Mechanicsburg,  Pa. 
Item  1.  Fuze-rocket  MK  191  Mod  1,  to  be 

manufactured  in  accordance  with  various  BuOrd 
drawings  and  specs,  FSN  1340-972-9709  ,  50,000 each.  Item  2.  Fuze-rocket  MK  188  Mod  O,  to 
be  manufactured  in  accordance  with  various 
BuOrd  drawings  and  specs,  FSN  1340-811-5985, 
73,000  each.  Both  used  in  Zuni  rocket.  Delivery 
to  various  destinations.  IFB  195-141-63-(K)-B. 
Bid  opening  11-9-62. 

U.  S.  Army  Engineer  District,  Jacksonville 575  Riverside  Ave. 
Jacksonville,  Fla. 
Construction  of  modifications  to  launch  com- 

plex P-20,  Cape  Canaveral  Missile  Test  Annex, Air  Force  Missile  Test  Center,  Patrick  Air  Force 
Base,  Fla.  Job-IFB  ENG-08-123-63-15B.  Bid  open- ing 11-15-62.  Payment  in  advance  of  $10  per 
set  of  drawings  and  specs  is  required  before 
papers  will  be  furnished.  Payment  will  not  be 
refunded.   Approximate  cost — $700,000. 

Headquarters,  U.  S.  Army  Weapons  Command Rock  Island,  111. 
Item  1.  Mechanism  electrical  firing  group  as- 

sembly for  launcher,  rocket  3.5  in.,  to  be  in 
accordance  with  the  drawings  listed  on  engineer- 

ing parts  master  list  of  drawings  No.  7140325 
and  all  applicable  drawings  and  specifications  as 
set  forth  in  IFB.  Stock  No.  1055-714-0325-BO42— 
4375  each.  Delivery  to  be  F.O.B.  Various  desti- 

nations. IFB  AMC(W)-ll-199-63-195(B).  Bid 
opening  11-20-62.  Bid  sets  are  obtainable  from the  nearest  AMC  district  office  or  headquarters, 
U.  S.  Army  Weapons  Command,  Rock  Island, 111. 

Purchasing  Office 
Range  Procurement  Div.  (MTDRC-1) Air  Force  Missile  Test  Center 
Patrick  AFB,  Fla. 
Procurement  of  materials  and  services  for 

evaluation  and  testing  of  pulse  amplitude  and 
pulse  code  modulation  system  (PACM)  telem- 

etry system  developed  by  Aeronutronic  Div.  of Ford  Motor  Co.  This  is  the  third  of  three  phases 
of  the  experimental  program.  Subcontracting  pos- sibilities are  limited  due  to  the  nature  of  the 
work.  1  each — PR  63-1062.  Required  delivery 
within  11  months  from  date  of  award  of  contract. 

Contracting  Officer 
National  Aeronautics  and  Space  Administration 
Langley  Station Hampton.  Va. 
Designing,  furnishing,  installing,  testing  and 

placing  in  initial  operation  an  ARC  air  heater 
system.  Consideration  being  given  only  to  pro- 

posals that  will  guarantee  maximum  enthalpy levels  of  not  less  than  12,000  BTU/lb.  at  500 
psi  chamber  pressure  with  a  mass  flow  of  0.2 
lb/sec.  of  air.  Guaranteed  levels  of  performance 
up  to  20,000  BTU/lb.  are  desired.  It  is  con- 

templated that  a  firm,  fixed-price  contract  will be  issued  for  this  procurement.  Telephone  requests 
should  be  directed  to  Hampton,  Va.  Phone: 
722-7961,  Ext.  4468.  RFP  L-2613.  RFP  due  date 11-19-62. 

Lewis  Research  Center 
21000  Brookpark  Road 
Cleveland  35,  Ohio 
Negotiations  will  be  conducted  for  detail,  de- sign, fabrication  and  installation  at  N.  R.  D.  S-, 

Mercury,  Nev.,  for  two  wall-mounted  handling 
systems  (manipulators)  in  accordance  with  spec 
1425-P.S.-4,  dated  9-18-62,  plus  related  equip- 

ment, data  and  training.  Only  those  firms  who 
show  evidence  of  their  qualifications  to  perform 
this  specialized  work  will  be  sent  proposal  pack- 

ages. The  procurement  officer  may  order  a  fa- cility and  security  survey  of  any  requestor. 
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ENGINEERS  -  SCIENTISTS 

important  &  immediate 

opportunities 

at 

PRATT  &  WHITNEY  AIRCRAFT 

in 

CONNECTICUT  or  FLORIDA 

■  We  are  seeking  competent  and  creative  people  who  can  help  advance  our  programs  in  the  dynamic  and  fast-moving 
field  of  energy  conversion.  We  are  specialists  in  this  field  ...  a  leader  in  flight  propulsion  systems  with  a  36-year  record 
of  engineering  achievement.  Today,  in  addition  to  concentrated  research  and  development  efforts  on  advanced  gas 
turbines  and  rockets,  we  are  exploring  new  and  exciting  avenues  in  every  field  of  aerospace,  marine  and  industrial  power 
application  .  . .  from  fuel  cells  to  thermionic  generators.  It's  a  challenging  and  demanding  era  for  us — one  which  offers 
excellent  opportunities  for  engineers  and  scientists  who  can  match  their  growth  to  ours. 

And  the  environment ...  be  it  picturesque  Connecticut  or  bright  Florida  ...  is  excellentfor  living,  working,  playing.  Another 
"plus"  is  the  opportunity  to  earn  advanced  degrees  through  a  corporate-sponsored  Graduate  Study  Program.  These 
programs,  leading  to  an  M.S.  degree,  and  at  some  schools  to  a  Doctorate,  are  available  at  the  University  of  Florida,  the 
Hartford  Branch  of  Rensselaer  Polytechnic  Institute,  the  University  of  Connecticut,  and  Yale  University— among  others. 

THESE  ARE  SOME  OF  OUR  RESPONSIBLE  OPENINGS: 
THERMODYNAMICS-HEAT  TRANSFER  Investigations  re- 

quire the  application  of  all  modes  of  heat  transfer  in  solids  and 
in  single  and  two  phase  fluids  at  pressures  from  space  vac- 

uum to  hundreds  of  atmospheres,  temperatures  from  cryo- 
genic to  those  existing  in  highly  performing  flames.  Products 

under  study  range  from  advanced  gas  turbines  to  liquid 
metal  boilers. 

MISSILE  &  SPACE  VEHICLES  Analyze  mission  and  determine 
overall  vehicle  systems  requirements;  consider  aerodynamic, 
thermodynamic,  structural  and  guidance  considerations  as 
they  affect  selection  of  propulsion,  propellant  and  guidance 
systems  in  order  to  establish  basic  structural  and  aerodynamic 
design. 
SYSTEMS  ENGINEERING  Determine  characteristics  of  en- 

ergy conversion  and  power  systems  that  are  technically  and 
economically  feasible  for  development  efforts.  Duties  include 
the  analysis  and  evaluation  of  specific  systems  applications 
and  participation  in  the  pertinent  analytic  and  experimental 
development  program.  (Connecticut  only) 
EXPERIMENTAL  TEST  Develop  test  procedures;  direct  parts 
fabrication,  test  rig  assembly,  instrumentation  and  facilities 
preparation;  conduct  test;  analyze  data;  formulate  test  con- 

clusions. Assignments  are  available  in  both  air-breathing  and 
non  air-breathing  programs  ranging  from  current  gas  turbine 
engines  to  fuel  cells. 
MECHANICAL  DESIGN  Translate  theoretical  studies  into 
workable  hardware  on  a  variety  of  complex,  high  precision 
energy  conversion  devices— both  air-breathing  and  non  air- 
breathing.  Analytical  ability  necessary  since  the  mechanical 
designer  is  expected  to  perform  all  but  the  most  complex 
analyses. 

STRUCTURES  Analytical  investigation,  design  and  develop 
ment  of  complex  structures  using  conventional  and  uncon 
ventional  materials  and  novel  manufacturing  processes 
Object  of  this  program  is  to  develop  improved  lightweight 
temperature-resistant  structures  for  all  types  of  energy  con version  devices. 

FLUID  MECHANICS  Analytical  studies  and  design  of  fluid 
machinery  for  a  variety  of  powerplants.  Investigations  range 
from  the  hydrodynamics  of  mixed  flow,  high  head  rise  pumps 
to  the  separation  of  vapor  and  liquid  phases  in  a  reduced 
gravitational  field. 

PERFORMANCE  ANALYSIS  Analysis  of  gas  turbine  and  fuel 
cell  test  data  and  test  results  with  the  objective  of  predicting 
trouble  areas  and  recommending  design  changes  necessary 
to  improve  performance  characteristics.  Strong  aerodynamic, 
thermodynamic  or  combustion  experience  desirable. 

AIR-BREATHING  PROPULSION  CONCEPTS  EVALUATION 
Analytical  evaluation  of  advanced  propulsion  systems  con- 

cepts such  as  turbojets,  turbofans  and  ram  jets  as  they  apply 
to  subsonic,  supersonic,  hypersonic,  V/STOL  and  marine 
vehicles.  An  advanced  degree  would  be  particularly  desirable for  these  openings. 

STRESS  ANALYSIS-VIBRATIONS  Analysis  of  structures  sub- 
jected to  both  complex  static  loading  and  transient  thermal 

loading,  operating  in  an  environment  which  is  subject  to 
vibratory  loads.  Requires  strong  applied  mechanics  background. 
Many  other  openings  at  various  experience  levels  are  also 
available  in  important  programs.  If  your  specialty  or  field  of 
interest  is  not  listed  here,  write  us— regardless. 

Please  submit  your  resume  in  confidence,  stating  salary  requirements,  to  either: 
MR.  P.  C.  SMITH 
PRATT  &  WHITNEY  AIRCRAFT 
400  MAIN  STREET 
EAST  HARTFORD,  CONN. 

OR 
MR.  J.  C.  MORTON 
PRATT  &  WHITNEY  AIRCRAFT 
WEST  PALM  BEACH 
FLORIDA 

u 
DIVISION  OF  UNITED  AIRCRAFT  CORP. 
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SINS-type  Gyro  Has  Space  Potential 

by  Mike  Getler 

Garden  City,  N.Y. — Space-flight 
applications  now  are  being  considered 
for  a  highly  accurate  guidance-system 
gyro  developed  here  by  Sperry  Gyro- 

scope Co.'s  Marine  Div.  The  device 
originally  was  developed  primarily  for 
shipboard  inertial  navigation  systems 
(SINS). 

Initially  developed  under  a  two- 
year,  company-funded  program  and 
continued  recently  under  Navy  spon- 

sorship, the  Mk.  1  Mod.  3  gyro's  first units  will  be  delivered  to  the  Navy  early 
next  year  for  evaluation  as  a  SINS 
component.  Sperry  officials  hope  the 
gyro  will  become  a  "universal"  SINS 
component  applicable  either  for  retrofit 
of  existing  systems  or  for  design  inclu- 

sion in  a  new,  more  advanced  system. 
Sperry  holds  SINS  contracts  for  five 

Ethan  Allen-class  Fleet  Ballistic  Missile 
submarines;  the  Autonetics  Div.  of 
North  American  Aviation  is  presently 
supplying  the  SINS  for  the  remainder 
of  the  FBM  fleet. 

Sperry  has  begun  pilot  production 
of  the  gyros,  and  company  officials  ex- 

pect first  decisions  on  aerospace  system 
uses  "in  the  near  future."  At  least  one 
major  Air  Force  test  center  reportedly 
is  evaluating  the  units. 

The  Mod.  3  gyro  is  an  outgrowth 
of  Sperry's  Mod.  2  unit,  which  is  em- 

ployed with  the  Mk.  3  Mod.  0  SINS 
used  in  the  five  608-class  (Ethan-Allen) 
submarines.  The  Mod.  2  is  a  modified 
gas-bearing  gyro,  but  the  newer  Mod.  3, 
the  firm  says,  was  designed  from  the 
start  as  a  gas-bearing  device. 

The  Mod.  3  is  a  floated  single- 
degree-of-freedom  integrating  gyro  uti- 

lizing a  hydrodynamic  gas  bearing  to 
support  the  rotor  assembly. 

•  Basic  system — The  complete  gyro 
consists  of  one  large  outer  casing 
mounted  directly  to  the  shipboard 
inertial  platform,  plus  a  much  smaller, 
hermetically-sealed  container  floated 
inside. 

The  sealed  container  houses  the 
gyro  rotor,  stationary  bearing,  and  gim- 
bal  assembly,  as  well  as  a  fixed  supply 

SOUP  CAN"-size 
gyro,  proposed  by 
Sperry  for  host  of 
sea-to-space  applica- 

tions, undergoes 
long-term  drift  sta- 

bility test  at  com- 
pany's test  facility. 

of  support  gas.  As  the  gyro  is  excited 
electronically,  causing  rotor  run-up,  the 
relative  motion  between  the  rotor 
journal  and  the  stationary  bearing  even- 

tually pressurizes  the  gas  within  the 
case,  separating  the  two  elements  and 
allowing  the  gyro  wheel  to  spin  freely 
on  its  gas  cushion. 

Considerable  development  effort  re- 
cently on  both  hydrostatic  and  hydro- 

dynamic  gas  bearings  is  due  to  their  low 
drift  rates,  high  reliability,  low  weai 
characteristics,  reduced  mechanical 
noise,  improved  temperature  operating 
range,  and  ability  to  support  high-g loadings. 

Advantages  often  cited  by  advocates 
of  hydrodynamic  bearings  over  hydro- 

static techniques  involve  the  absence  of 
external  gas  supplies  and  pumps.  The 
major  design  problem  lies  in  the  fact 
that  some  contact  between  gyro  ele- 

ments is  necessary  until  rotor  speed  is 
sufficient  to  lift  it  clear  of  other  support 
hardware. 

In  several  thousand  start-stop  tests 
— considered  to  be  the  most  likely 
operation  in  situations  where  hydrody- 

namic gas  bearings  encounter  friction 
that  could  degrade  performance — the 
Mod.  3  gyro  reportedly  emerged  with 
no  apparent  wear  or  performance  loss. 

Sperry  engineers  also  report  that 
extensive  use  of  beryllium  throughout 
the  Mod.  3  design  has  reduced  weight, 
improved  rigidity,  and  enhanced  thermal 
characteristics. 

•  Ligament  suspension — In  addi- 
tion to  improvements  inherent  in  the 

use  of  gas-bearing  gyros,  Sperry  also 
claims  greatly  increased  reliability  is 
achieved  by  use  of  a  unique  ligament 
suspension  system  for  radially  and  ax- 
ially  centering  the  gyro  float  within  the outer  casing. 

The  suspension  technique  is  com- 
pletely passive  and  is  made  up  of  eight 

thin  flexible  wires  running  from  the 
float  to  the  outer  casing.  The  system, 
Sperry  claims,  is  independent  of  the 
external  electronics,  turbine  torques  or 
friction  common  to  such  other  types  of 

suspension  systems  as  magnetic,  electro- 
static, hydraulic  or  jewel-pivot  suspen-  I 

sion.  Sperry  claims  it  has  built  and  | 
shipped  more  than  600  gyros  using  liga- 
ment  suspension  techniques — without  a 
single  field  failure  reported. 

48 missiles  and  rockets,  November  5,  1962 



In  addition  to  their  support  role,  the 
wires  act  as  conductors  to  route  power 
to  the  float,  reportedly  further  enhanc- 

ing reliability  by  removing  other  types 
of  power  and  flex  leads.  Use  of  the 
passive  suspension  system  in  conjunc- 

tion with  an  efficient  spin  motor  assem- 
bly also  is  reported  to  have  sharply 

reduced  power  requirements. 
In  its  present  configuration,  the  gyro 

uses  a  single  electromagnetic  pick-off 
to  sense  the  rotational  position  of  the 
gyro  float  about  the  output  axis  with 
respect  to  the  outer  casing.  (The  casing, 
in  turn,  is  attached  to  the  SINS  plat- 

form.) Sperry  engineers  say  the  gyro 
is  not  limited  to  this  type  of  pick-off. 

Low-Cost  Computer 

A  low-cost  electronic  computer  de- 
signed specifically  for  small  and  me- 

dium-size business  firms  is  available 
from  International  Business  Machines 
Corp.  Called  the  IBM  1440,  the  com- 

pact computer  incorporates  a  major 
achievement  in  data  storage  technology 

Capacitance  and  optical  devices  also 
may  be  used. 

Actual  Mod.  3  design  and  perform- 
ance details  are  classified.  But  Sperry 

can  report  that  the  extensive  develop- 
ment effort  on  this  new  gyro  has  made 

it  50%  smaller,  75%  lighter  and  50% 
cheaper  than  the  Mod.  2  now  in  service. 
Slew  capacity  reportedly  has  been  at 
least  tripled. 

For  all  significant  performance  char- 
acteristics, engineers  report  that  test 

data  accumulated  to  date  indicate  an 
order-of-magnitude  operational  im- 

provement with  the  Mod.  3  system. 
After  several  hundred  hours  of  testing, 
drift  rates  were  described  as  "infini- 

tesimal." B 

— disc  storage  drives  designed  with  in- 
terchangeable packs,  each  containing  six 

magnetic  memory  discs  for  a  combined 
storage  capacity  of  nearly  3,000,000 
characters  of  information. 

The  14-in.  memory  discs  are  pack- 
aged in  disc  packs  weighing  less  than 

10  lbs.  A  disc  pack  can  be  removed 
from  the  1440's  disc  storage  drive  by 

the  operator  in  seconds,  replaced  by 
another  pack  containing  different  infor- 

mation, and  then  stored  much  like  a 
book  on  a  library  shelf  until  needed 
again.  This  interchangeability  feature 
gives  the  1440  virtually  unlimited  data 
storage  capacity. 

A  great  advantage  of  the  inter- 
changeable memory  feature  is  that  a 

company  can  maintain  separate  disc 
packs  for  each  of  its  major  groups  of 
records.  When  a  job  is  to  be  processed, 
the  disc  pack  containing  the  records 
for  that  job  can  be  quickly  placed  on 
the  disc  drive  for  immediate  processing. 
Providing  random  as  well  as  sequential 
access  to  information,  up  to  five  file 
drives  with  nearly  15,000,000  characters 
of  information  can  be  attached  to  one 

system. Circle  No.  226  on  Subscriber  Service  Cord 

MAG-AMP  Micro  Diodes 

Micro  Semiconductor  Corp.  is  offer- 
ing ultra-low-leakage,  high-conductance 

silicon  micro  diodes  and  dice  for  mag- 
netic amplifier  applications.  Front-to- 

back  resistance  ratios  in  excess  of  1010 
are  achieved  with  conductances  greater 
than  400  mils  at  1  volt.  P.I.V.  ranges 
of  1000  volts  or  more  per  single  junc- 

tion are  a  reality.  Dissipation  character- 
istics are  300  milli watts  for  standard 

micro  diodes;  specials  reach  750  milli- 
watts and  more.  Units  will  meet  and 

exceed  MIL-S-19600B  specifications  and 
are  operational  over  150°C. Circle  No.  227  on  Subscriber  Service  Card 

Magnet  System 
Varian  Associates  has  developed  a 

6-in.  magnet  system  that  provides  a 
high  degree  of  field  intensity  and  field 
homogeneity.  The  device,  matched  to 
the  economical  new  4  Kw  solid-state 
V-2600  power  supply,  features  continu- 

ous operation  at  full  power  input  for 
fields  up  to  35  Kg.  The  compact,  water- 
cooled  power  supply  provides  continu- 

ously adjustable  current  with  unsur- 
passed regulation.  Magnets  are  available 

with  continuously  adjustable  or  fixed  air 
gaps,  and  with  a  choice  of  fixed,  rota- 

tion and  movable  magnet  mounts. 
Circle  No.  228  on  Subscriber  Service  Card 

Delay  Lines 

Andersen  Laboratories,  Inc.  is  mar- 
keting a  250usec,  two-megacycle  mag- 

netostrictive  delay  line. 
This  line  is  capable  of  storing  500 

bits  of  information  in  a  return  to  zero 
mode  of  operation  or  1000  bits  in  a 
non-return  to  zero  mode.  With  a  10-volt 
drive  pulse,  this  line  has  an  output  of 
12  millivolts  into  2000  ohms  termina- 

New  Product  of  the  Week: 

Low-Level  DC  Amplifier 

Redcor  Corp.  is  marketing  a  fast 
recovery  low-level  DC  differential 
amplifier,  Model  371.  Incorporating 
a  unique  input  circuit,  the  com- 

pletely solid-state  Model  371  pro- 
vides the  following  features:  fast 

recovery  from  differential  and  com- 
mon mode  overload  of  80  microsec- 
onds, wideband  common  mode  re- 

jection, bandwidth  unaffected  by  gain 

change,  high  cmr  with  wide  band- 
width of  50  kc.  The  common-mode 

rejection  ratio  increases  in  direct  pro- 
portion to  increase  in  amplifier  gain. 

Settiing  time  of  20  microseconds 
to  0.01%,  gain  accuracy  and  linear- 

ity of  0.01%,  gaussian  noise  distri- 
bution and  input  impedance  of  1000 

megohms,  are  some  of  the  specifica- 
tions of  Model  371. 

Circle  No.  225  on  Subscriber  Service  Card 
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ARM  A  FREE  GYROS... 

precise,  reliable,  rugged 

From  small  U.S.  Navy  master  gyrocompasses  to  inertial  guidance 
on  Atlas  missiles,  ARMA  gyros  have  a  proven  record  for  reliability 

and  precision  .  .  .  backed  by  over  four  decades'  experience  in  gyro 
design  and  development.  Today  ARMA  offers  a  wide  range  of  two 
axis  gyros  for  weapons  systems  and  aerospace  applications,  gyros 
for  mass  production  or  custom-built  to  meet  specific  requirements. 
These  include  .  .  .  G  8  miniature  flight-tested  gyro  of  inertial  pre- 

cision ...  G  12  rotating  float  gyro,  simplest  floated  gyro  of  inertial 
precision  ...  G  14  rate  gyro  of  unique  two  axis  design,  solid  state 
sensors  ...  low  cost  G  15/RSG  15  no-gimbal  gyro,  motor  or  spring 
driven,  ideal  for  short-range  tactical  missiles.  Write  today  for  com- 

plete information. 

DIVISION 

AAf£MC/i/V  BOSCH  JUtMA  COft*»OfMiTfO/V 

Garden  City,  N.  Y. 

Space  Electronics 

tion,  signal-to-noise  ratios  of  better  than 
20  to  1  and  temperature  coefficients  of 
l/2PPm  per  degree  Centigrade. 

Circle  No.  229  on  Subscriber  Service  Card 

CW  Traveling-Wave  Tube 

A  10-watt  CW  traveling-wave  tube 
covering  the  7.0-to-l  1-kmc  range  is  avail- 

able from  the  Power  Tube  Department 
of  the  General  Electric  Co.  Minimum 
small  signal  gain  is  30  db  over  the  entire 
frequency  band.  The  ZM-3107  is  a  light- 

weight, metal/ ceramic  tube  designed  for 
use  in  missiles,  satellites  and  microwave 
relay  systems.  Both  air  and  liquid-cooled versions  are  available. 

Circle  No.  230  on  Subscriber  Service  Card 

Operational  Amplifier 

Ten  megacycle  bandwidth  and  dc 
voltage  gain  of  one  million  are  featured 
in  the  Model  1 607  all  silicon  operational 
amplifier,  developed  by  Burr-Brown, 
Inc.  Output  capability  of  ±10  volts  at 
20ma  is  provided  with  the  unit  operating 
on  a  dc  supply  of  ±15  volts.  Input 
drift  is  specified  to  be  less  than  25(iV 
per  degree  of  Centigrade.  Input  imped- 

ance is  greater  than  0.1  megohms  and 
output  impedance  is  less  than  20  ohms. 

Circle  No.  231  on  Subscriber  Service  Card 

Voltage  Comparator 
North  Hills  Electronics,  Inc.  offers 

a  true  rms  voltage  comparator,  Model 
VC-1,  which  records  in  the  dc  to  10  kc 
frequency  range  with  repeatability  of 
about  0.01%.  The  instrument  can  be 
readily  set  up  for  precise  measurement 
of  absolute  rms  levels  of  unknown  ac 

voltages,  for  accurate  adjustment  of  un- 
known ac  voltages  to  specific  rms  levels, 

to  monitor  and  record  with  high  resolu- 
tion the  long-term  stability  of  the  rms 

output  levels  of  highly  regulated  ac 
sources,  as  an  ac  to  dc  converter,  trans- 

forming rms  ac  voltage  levels  into  equal 
dc  levels  with  high  accuracy. 

Circle  No.  232  on  Subscriber  Service  Card 
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FUZE  ENGINEER 

FOR  SPACE 
INTERCEPTORS 

ROUND  TRIP  RECORDING 

Shown  are  two  examples  of  Concertone  high 
environment  miniature  magnetic  recorders 
tested  and  proven  in  the  field.  These  highly 
compact  and  sophisticated  data  recorders  have 
not  only  been  designed  for  acquisition  of  infor- 

mation under  severe  environmental  conditions, 
but  equally  important,  have  been  engineered 
to  survive  and  operate  after  the  shock  and 
vibration  of  a  missile  or  satellite  round  trip. 
Light  in  weight  and  reliable,  they  have  a  wide 
variety  of  applications.  Other  miniature 
recorders  available  include  endless-loop, 
satellite,  sled-  and  missile-borne  types. 

AMERICAN  CONCERTONE,  INC. 
A  DIVISION  OF  ASTRO-SCIENCE  CORPORATION 9449  W.  JEFFERSON  BLVD.  -  CULVER  CITY,  CALIF.  •  UPion  0-7245 

Space  Electronics 

Frequency  Standard 
Montronics  offers  the  Model  101  fre- 

quency standard  and  comparator,  which 
combines  in  a  single  portable  package, 
a  precision  1-mc  crystal  oscillator  and 
a  frequency  comparator.  The  frequency- 
difference  multiplier  circuit  of  the  com- 

parator can  provide  from  10  to  10,000 
times  error  multiplication  (in  decade 
steps)  between  two  1  mc  signals,  or 
1  to  1000  times  multiplication  of  error 
between  two  100  kc  signals.  Rapid 
short-term  comparisons  can  be  made 
with  a  precision  of  one  part  in  1011. 

Both  the  internal  reference  oscillator 
signal  and  the  multiplied  error  signals 
are  available  from  connectors  on  the 
instrument.  Because  of  its  high  stability 
(±  one  part  in  109  over  24  hrs.),  the 
internal  reference  oscillator  can  serve  as 
a  laboratory  secondary  standard. 

The  device  is  fully  transistorized  and 
completely  portable.  Self-contained  re- 

chargeable batteries  provide  up  to  four 
hours  of  crystal  oven  and  oscillator 
operation  during  transportation. 

Circle  No.  233  on  Subscriber  Service  Card 

Detector  System 

In  order  to  provide  proper  cooling 
for  temperature-sensitive  electronic  de- 

vices used  in  military  aircraft  and  mis- 
siles, Vap-Air  has  developed  a  com- 

pletely solid-state  cooling-effect  detector 
system.  The  system  consists  of  cooling 
effect  detectors  and  a  voltage  regulator 
providing  eight  channels  capable  of  uni- 

fying up  to  eight  sensors,  and  a  reliable 
means  of  varying  temperature,  humidity, 
density  and  weight  flow. 

The  unit  is  offered  in  two  types,  the 
most  common  being  the  mercury-tube 
type  while  the  nickel  alloy  unit  is  em- 

ployed to  accommodate  low  air  flow  at 
higher  duct  temperatures.  Both  detectors 
have  an  operating  voltage  of  28  VDC 
regulated  with  a  power  consumption  of 
four  watts  in  the  case  of  the  mercury 
tube  and  100  watts  (max.)  in  the  case 
of  the  nickel  alloy  detector. 

Circle  No.  234  on  Subscriber  Service  Card 

An  expert  in  unconventional  applica- 
tions and  techniques  is  offered  an 

exceptional  opportunity  to  conduct 
fuzing  studies  for  space  interceptors 
in  Hughes  Advanced  Projects Laboratory. 

While  fuzing  experience  would  be 
helpful,  it  is  not  mandatory.  Broad 
general  background  knowledge  and 
high  interest  in  the  subject  is 

required. The  assignment  will  entail  para- 
metric analysis  of  a  wide  variety  of 

fuzing  sensors  (radar,  infrared,  nu- 
clear, etc.)  taking  into  account 

unusual  geometries,  accuracy 
requirements,  and  possible  counter- measures. 

If  you  hold  an  accredited  degree  and 
U.S.  Citizenship  and  feel  that  you  are 
qualified  by  professional  experience 
and  interest,  please  airmail  your  com- 

plete resume  to: 
MR.  ROBERT  A.  MARTIN 
Head  of  Employment 
Hughes  Aerospace  Divisions 
11940  W.  Jefferson  Blvd. 
Culver  City  17,  California 

Creating  a  new  world  with  Electronics 

I  HUGHES  ; ■  i 
i  j 

AEROSPACE  DIVISIONS 
An  equal  opportunity  employer. 

Circle  No.  10  on  Subscriber  Service  Card 
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DESIGN,  ANALYTICAL,  TEST  ENGINEERS 

Bring  your  career  into  orbit  fast! 

We  honestly  believe  that  nowhere  can 
your  ability  and  hard  work  take  you  to 
the  top  faster  than  at  the  new  Hamilton 
Standard.  Expansion  and  diversification 
of  product  lines  have  opened  new  key 
positions  in  these  disciplines: 

DESIGN  of  new  or  improved  high- 
precision  mechanical,  electrome- 

chanical and/or  hydromechanical 
missile  and  aircraft  equipment,  in- 

volving linkages,  turbines  and  other 
turbomachinery.  Also  creation,  de- 

sign and  analysis  of  new  or  improved 
mechanical  components  ofelec- 
tronic  control  systems  such  as  static 
power  inverters  and  converters; 
sensors,  valves  and  actuators  for 
helicopters,  hydrofoils  and  missiles, 
and  light  alloy  castings,  forgings, 
gearings,  bearings,  seals,  splines, 
shafting  and  lubrication  systems  for 
aircraft  reduction  gearing  systems. 

ANALYSIS  of  product  development 
program  in  field  of  missile,  heli- 

copter and  hydrofoil  flight  controls 
components  and  systems  and  sens- 

ing devices,  and  inertial  navigation 
systems.  Engineers  selected  will  be 
responsible  for  components  and 
subsystems  from  initial  design  to 
final  product  development. 

TESTING  of  turbines  and  other  aero- 
space rotating  hardware;  thermo- 

dynamics and  aerodynamics  of 
turbine  machinery,  heat  transfer, 
dynamics  and  stress  analysis.  Also 
R&D  testing  of  control  systems  in- 

volving engineering  mechanics,  fluid 
mechanics  and/or  servomecha- 
nisms,  and  evaluation  of  product 
development  programs  on  missiles, 
space  vehicles  and  aircraft  control 
equipment. 
This  progressive  division  of  United  Air- 

craft offers  many  benefits  of  interest  to 
engineers  with  advancement  potential. 
You  will  be  working  in  a  modern  plant 
with  some  of  the  best  men  in  the  aero- 

space equipment  field;  living  in  a  trim 
New  England  town,  with  fine  schools  for 
your  children,  and  recreation  for  every 
month  of  the  year. 

Space  Electronics 

Gated  Clock 

Navigation  Computer  Corp.  is  mar- 
keting the  Model  501  Gated  Clock.  This 

module  contains  control  logic  elements 
for  use  in  a  0.05%  analog-to-digital 
converter.  The  elements  include  a  multi- 

vibrator and  sequence  controller,  a  mas- 
ter reset  generator,  and  a  sign  flip-flop. 

Other  500  series  modules  are  available 
for  building  complete  binary  or  binary- 
coded-decimal  converters.  These  con- 

verters are  compatible  with  Navcor  300 
series  and  400  series  equipment  and  can 

be  selected  to  meet  the  buyer's  specific 
requirements. 

Circle  No.  235  on  Subscriber  Service  Card 

Vibration  Measuring  System 

A  miniature  airborne  system  for 
general-purpose  measurement  of  vibra- 

tion and  low-g  shocks  is  available  from 
Gulton  Industries.  Operating  in  tempera- 

tures from  — 40°F  to  185°F  over  the 
frequency  range  of  15  cps  to  5  Kc,  the 
Model  KA-1079  system  has  a  quiescent 
noise  level  of  less  than  50  millivolts 

peak-to-peak  maximum.  The  frequency 
response  is  ±10%  from  15  cps  to  5  Kc, 
relative  to  100  cps.  Linearity  is  ±3% 
of  best  straight  line. 

Circle  No.  236  on  Subscriber  Service  Cord 
Static  Relay 

Kaiser  Electronics,  Inc.  has  devel- 
oped a  general-purpose  static  relay,  SR4, 

capable  of  handling  voltages  from  0  to 
150  volts  with  current  loads  up  to  four 

amperes. 
The  unit  provides  electrical  isolation 

of  contact  circuit  from  actuating  circuit, 
snap  action,  and  needs  no  additional 
power  source.  Factors  such  as  contact 
bounce,  chatter,  susceptibility  to  vibra- 

tion, contact  aging,  and  arcing — as  well 
as  other  shortcomings  inherent  in  elec- 

tromechanical relays — are  not  present 
in  this  unit,  and  it  offers  high  reliability, 
long  life,  and  rapid  switching.  The  re- 

lays remain  stable  between  55°C  and 125°C,  with  a  frequency  response  up 
to  500  cycles  per  second. 

Circle  No.  237  on  Subscriber  Service  Card 

If  you're  ready  to  put  your  career  into  orbit  fast,  please  send  your  resume,  with 
salary  requirements,  to  Mr.  M.  R.  Wakeman,  Personnel  Department.  You'll  get  a 
prompt  answer. 

Hamilton  United DIVISION  OF 

Standard      A  ire  raft 

Windsor  Locks,  Connecticut 
An  Equal  Opportunity  Employer 

52 Circle  No.  11  on  Subscriber  Service  Card missiles  and  rockets,  November  5#  1962 



SENIOR 

PRELIMINARY 
DESIGN  ANALYST 

C OMPUTER 

Space  Electronics 

Scope-O-Trol 
A  completely  redesigned  Scope-O- 

Trol  has  been  announced  by  Acme 
Electric  Corp.  The  unit  is  useful  in 
connection  with  oscilloscope  observa- 

tions, in  that  it  provides  an  opposing 
potential  that  cancels  out  the  direct- 
current  increment  of  a  circuit  being 

SYSTEMS 

ENGINEERS 

FOR  REAL-TIME 

CONTROL 

APPLICATIONS 

The  Applied  Physics  Laboratory  has 
several  openings  for  engineers,  physi- 

cists, and  mathematicians  in  the  sen- 
ior and  associate  level  for  assignment 

to  the  APL-developed  TRANSIT 
Satellite  Navigation  System.  Princi- 

pal ditties  of  those  employed  will 
include  contributing  to  the  design  of 
shipboard  navigational  equipment 
( receiver,  demodulator,  computer, 
printer),  maintaining  close  liaison 
with  manufacturing  sub-contractors, 
supervising  installation  and  debugging 
of  equipment  on  Polaris  submarines, 
and  coordination  of  programming 
efforts  involving  state  of  the  art  real- time controls. 
Engineers  joining  this  group  will  find 
an  unusually  well-equipped  labora- 

tory always  available,  energetic  and 
imaginative  colleagues,  receptive  su- 

pervision, and  as  much  individual 
responsibility  as  they  desire  and  are 
able  to  assume.  Respondents  must 
have  at  least  a  B.S.  in  engineering, 
mathematics,  or  physics  and  three  or 
four  years  of  closely  related  ex- 
perience. 
A  PL's  modern  facilities  are  located between  Washington  and  Baltimore, 
offering  you  a  choice  of  city,  sub- 

urban or  country  living. 

Direct  your  inquiry  to: 
Professional  Staff  Appointments 

The  Applied  Physics  Laboratory 

The  Johns  Hopkins  University 

8645  Georgia  Avenue 
Silver  Spring  Maryland 

(Residential  suburb  of 
Washington,  D.  C.) 

AN  EQUAL  OPPORTUNITY  EMPLOYER 

missiles  and  rockets,  November  5,  1962 

checked  so  that  both  dc  and  ac  steady- 
state  and  transient  voltage  changes  can 
be  observed  on  the  scope  in  their  true 
form. 

The  Scop-O-Trol  operates  from  a 
115-volt  60-cps  circuit  and  provides  an 
output  from  0  to  50  volts  dc.  Input  regu- 

lation ±0.005%  for  ±15%  line  change. 
Output  voltage  adjustable  and  stabilized 
±0.015%  at  any  selected  voltage.  Rip- 

ple is  0.002%  peak  to  peak. 
Circle  No.  238  on  Subscriber  Service  Card 

Terminal  Block 

A  terminal  block,  Model  C-1552, 
rated  at  600  volts,  25  maximum  work- 

ing amps  and  which  can  withstand  ambi- 
ent temperatures  from  — 65°F  to  300°F is  available  from  K  and  B  Electric  Prod- 

ucts Co.  The  use  of  specially  molded 
plastic  as  the  material  permits  terminal 
block  to  flex  and  fit  tightly  on  curved 
surfaces  or  bend  in  arc  for  cable  hook- 

ups. The  compact  C-1552  will  not  break 
or  chip,  accepts  up  to  #12  AWG  solid 
wire  and  has  a  chamfered  hole  that 

quickly  guides  wire  into  place.  A  "posi- 
tive protection"  collar  prevents  acci- 

dental grounding  even  when  screw  is  in 
maximum  "up"  position  and  ribs  are  in- 

tegrally molded  into  collar  for  strong 
resistance  to  vibration. 

Circle  No.  239  on  Subscriber  Service  Card 

Ground  Checkout  Unit 

The  AN/MSM-70,  an  automatic 
checkout  unit  developed  for  the  Bomarc 
interceptor  system,  will  be  marketed  by 
the  Boeing  Co.  The  equipment  com- 

pletes its  tests  in  58  min.  The  early 
Bomarc  checkout  system  required  45 
days  and  numerous  test  engineers.  The 

FOR  SPACE  GUIDANCE 
&  CONTROL 

Senior  Management  position  in- 
volves supervision  of  a  staff  group  of 

about  10  engineers  in  a  preliminary 
design  organization. 
Challenging  assignment  is  to  con- 

duct preliminary  design  investiga- 
tions in  the  fields  of  space  guidance 

and  control. 
The  man  we  need  will  probably 
have  an  advanced  degree  from  an 
accredited  university,  U.S.  Citizen- 

ship and  at  least  12  years'  profes- sional experience  including  Systems 
Engineering,  Space  Navigation, 
Guidance,  Control  Systems,  Orbital 
Dynamics,  Radar  Systems,  Inertial 
Components,  Computers. 
He  must  have  a  personality  which 
enables  him  to  work  easily  and  well 
with  a  variety  of  people— plus  intel- 

lectual speed  which  permits  him  to 
react  quickly  to  any  situation.  He 
must  be  inventive  and  imaginative, 
will  probably  hold  several  patents 
and  will  have  had  papers  published 
in  professional  journals.  His  present 
position  might  be  that  of  a  prelimi- 

nary design  section  head  or  staff head  in  an  equipment  design  group. 

If  you  feel  that  you  qualify  by  training, 
experience  and  interest— and  wish  im- mediate consideration,  please  airmail 
your  resume  to: 

MR.  ROBERT  A.  MARTIN 
Head  of  Employment 
Hughes  Aerospace  Divisions 11940  W.  Jefferson  Blvd. 
Culver  City  21 ,  California 

Creating  a  new  world  with  Electronics 

HUGHES 

AEROSPACE  DIVISIONS 
An  equal  opportunity  employer. 
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Space  Electronics 

unit  consists  of  two  major  elements — 
a  programer-evaluator  and  a  set  of 
stimulus  generators.  It  tests  elements 
such  as  electronic  flight  controls,  radar 

beacons,  hydraulics,  temperatures,  pres- 
sures and  engine  conditions. 

The  programer-evaluator  controls 
the  test  sequence,  power  inputs  and 

stimulus  generation,  as  well  as  monitor- 
ing and  evaluating  test  results.  Punched 

cards  direct  test  sequences,  results  of 
which  activate  colored  lights  and  are 

printed  on  paper  tape.  Stimulus  genera- 
tors feed  electrical  impulses  to  the  sub- 

systems under  test.  Makeup  of  the  gene- 
rators varies  with  the  missile  or  aircraft 

being  tested. 
Circle  No.  240  on  Subscriber  Service  Card 

Transistor  Sockets 

Tamar  Electronics  Industries,  Inc.  is 

marketing  a  line  of  microminiature 
transistor  socket  assemblies  designed 

for  dip  soldering  with  no  heat  damage 
to  components. 

The  socket  contacts  are  available  as 

separate  components  or  as  part  of  a 

SCIENTISTS  and  ENGINEERS 

Increased  activity  in  all  current  Ion  Physics  Corporation 

programs,  both  government  and  company  sponsored,  re- 
quires an  expansion  of  our  scientific  staff.  Those  capable 

of  contributing  to  advances  in  ion  physics,  space  system 

design  and  integration,  advanced  power  conversion  system: 
design,  environmental  simulation  problems,  and  related 

solid-state  techniques  are  cordially  invited  to  consider  join- 
ing ION  PHYSICS  CORPORATION  (a  subsidiary  of  High 

Voltage  Engineering  Corporation),  Burlington,  Mass. 

ION  BEAM  DEVICES- 
PLASMA  PHYSICS 

Physicists  and  Engineers  with  theoretical/experimental  ex- 
perience in  the  fields  of  plasma,  atomic  beam  or  nuclear 

physics  and  advanced  power  systems  are  sought  for  R  &  D 
programs  involving  charged  or  neutral  beam  production 
and  propagation  at  high  energies  and  current  densities. 

ELECTROSTATICS- 
POWER  CONVERSION 

Experimental  Physicists  or  Engineers  are  required  who  have 
an  interest  in  the  investigation  of  power  systems  for  space. 
Main  areas  of  study  are  high  charge  density  electrets, 
thermionic,  and  electrostatic  power  generation. 

SOLID  STATE  ELECTRONICS 

Scientists  required  to  study  formation  of  solid  state  devices 

and  integrated  microcircuitry  using  ion  implantation  and 

plasma  technques.  Major  areas  are  development  of  solar 
cells  and  monocrystalline  thin  film  active  elements.  Initial 

investigations  on  solid  state  radiation  detectors  are  currently 
being  conducted. 

For  a  confidential  discussion  of  our  current  openings,  please write: 
Louis  J.  Ennis 
P.O.  Box  98 
Burlington,  Massachusetts 

\  ION  PHYSICS  CORPORATION (formerly  Goodrich-High  Voltage  Astronautics) 
A  SUBSIDIARY  OF  HIGH  VOLTAGE  ENGINEERING  CORPORATION BURLINGTON.  MASSACHUSETTS 

An  Equal  Opportunity  Employer 

socket  assembly.  They  have  pin  diam- 
eters of  0.17,  0.030,  0.040,  0.050  and 

0.060±0.001  in.  They  have  a  contact 
separation  force  of  8  oz.  maximum,  1 
oz.  minimum.  Pin  and  socket  contacts 
for  transistors  are  available  from  0.016 

to  0.062  dia.  They  have  a  contact  re- 
sistance of  0.5  milliohms  and  tempera- 

ture range  from  -100°F  to  400°F. The  socket  assemblies  and  heat  sinks 
are  for  three  or  four  pin  transistors 
with  0.017  diameter  leads  and  0.200 dia.  spacing. 

Circle  No.  241  on  Subscriber  Service  Card 

Portable  Oscillator 

Textran  Division  of  Tracor,  Inc.  is 

marketing  a  portable  crystal  oscillator 
clock  designed  specifically  for  such  ap- 

plications as  use  to  synchronize  the 
range  time  generators.  The  unit  was 
carried  by  car  a  distance  of  some  241 
miles  and  was  found  to  have  gained 

only  18  microseconds  (.000018)  over 
the  nine-hour  period.  Of  these,  10  mi- 

Circle  No.  12  on  Subscriber  Service  Card 

croseconds  were  predictable  from  a 

slight  frequency  offset;  and  the  remain- 
ing eight  microseconds,  divided  evenly 

over  the  trip,  indicate  synchronization 
of  the  time  generators  to  about  four 
microseconds. 

Circle  No.  242  on  Subscriber  Service  Card 

Digital  Converter 

A  solid-state  digital-to-analog  con- 
verter that  combines  the  constant-cur- 

rent-generator method  of  operation  with 

a  completely  modular  construction  based 
on  circuit  function  is  being  marketed 

by  General  Automation,  Inc.  Model 
DA2-13C  features  a  one-word  data 

register  that  holds  the  last  word  put  in 
until  the  new  word  arrives.  Voltage 

output  for  each  word  remains  constant 
until  the  next  word  calling  for  a  differ- 

ent output  comes  along.  Accuracy  of  the 
unit  is  ±0.01%  and  word  lengths  range 

from  2  to  13  bits  (sign  bit  optional). 

I  Set  and  reset  inputs  for  each  bit  and  a 
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SUPERVISOR, 

SURVEYOR 
SPACE  TRACKING 

STATION 

ENGINEERING 

TEST  PILOT 

(For  Manned  Spacecraft) 

North  American  Aviation's  Space  & 
Information  Systems  Division,  one 

of  America's  leading  aerospace 
companies,  located  in  Southern 
California,  offers  to  the  test  pilot 
a  unique,  challenging  opportunity. 

You  must  be  6'1"  or  under,  30-42 
-years  of  age  (preferably  30-35) ,  and 
currently  or  recently  engaged  in 
experimental  or  engineering  flight 
test  programs  and  interested  in  par- 

ticipating in  a  major  aerospace 
contractor's  mission  simulation  and 
development  program  for  an 
advanced  manned  spacecraft.  No 
flying  will  be  involved,  but  appli- 

cants must  be  physically  qualified 
to  work  in  pressure  chambers  and 
on  the  human  centrifuge. 

For  additional  information,  send  a 
resume  to: 

MR.  G.K.  STARR 
EMPLOYMENT  SERVICES 
12214  LAKEWOOD  BLVD. 
DOWNEY,  CALIFORNIA 

All  qualified  applicants  will  receive  considera- 
tion for  employment  without  regard  to  race, 

creed,  color,  or  national  origin. 

SPACE  AND  INFORMATION 

SYSTEMS  DIVISION 

North  American  Aviation  "2^BA 

Space  Electronics 

sample  pulse  input  are  supplied.  The 
converter  is  available  as  a  bipolar  unit 
(±10  volts  at  20  ma)  or  polar  unit 
(-grid  to  ±10  volts). 

Circle  No.  243  on  Subscriber  Service  Card 

Frequency  Converter 

A  frequency-to-voltage  converter 
with  the  reliability,  stability  and  linearity 
required  for  flow,  frequency,  rpm  and 
other  measurement  and  control  applica- 

tions has  been  developed  by  Vidar  Corp. 
Designed  for  multiple-range  operation, 
the  all-solid-state  Vidar  322  precisely 
converts  frequency  to  dc  voltage  provid- 

ing a  0  to  10-volt  signal  capable  of 
directly  driving  galvanometers,  magnetic 
recorders,  computers,  oscilloscope  moni- 

tors, digitizers,  servo  valve  actuators, 
speed  control  devices,  and  other  data 
handling  equipment. 

Technical  features  include:  three 
full-scale  ranges  with  choice  of  fre- 

quency insert  cards  from  500  cps  to  100 
kc;  integral  regulated  power  supply; 
floating  input;  0.1%  stability  and  linear- 

ity; metered  output  voltage;  output  im- 
pedance less  than  0.25  ohms;  auxiliary 

pulse  output  and  variable  10-turn  span 
control  providing  3-to-l  adjustment  of 
full-scale  frequency. 

Circle  No.  244  on  Subscriber  Service  Card 

Digital  Voltmeter 

Digital  Measurements  Ltd.  is  mar- 
keting the  DM2020  digital  voltmeter 

similar  in  concept  to  the  DM2001  but 
with  considerably  enhanced  perform- 

ance. As  with  the  DM2001,  the  reading 
is  displayed  in  decimal  form  on  five 
in-line  numerical  indicators  and  is  also 
available  as  a  one-in-ten  decimal  coded 
output.  The  scale  length  is  increased 
to  19999  with  maximum  resolution  of 

one  digit  in  the  last  window. 
Of  the  six  input  voltage  ranges  pro- 

vided, five  cover  the  normal  range  of 
10  microvolts  to  1999.9  volts,  and  the 
sixth  offers  an  externally  selected  (i.e. 
elastic)  scale  facility.  For  checking  pur- 

poses, the  instrument  may  set  directly 
against  an  included  Weston  Standard 
Cell  on  the  1.9999V  range.  Specified 
accuracy  on  this  range  is  0.01%  of 
reading  one  digit. 

Circle  No.  245  on  Subscriber  Service  Card 

Responsible  assignment  is  imme- 
diately available  for  a  Senior 

Engineerto supervise  Hughes  partic- 
ipation in  the  SURVEYOR  Program 

— including  operation  of  the  space- 
craft on  the  lunar  surface. 

Location:  Goldstone,  California, 
deep-space  tracking  station. 
Requirements:  Maturity,  a  degree 
in  E.E.  or  Physics  from  an  accredited 
university;  U.S.  Citizenship;  about 

10  years'  experience  in  communica- 
tions, telemetry,  video  systems  (in- 

cluding field  work  on  tracking  and/or 
radar  sites);  demonstrated  ability  to 
work  with  other  contractors  and  the 
customer  and  to  supervise  the  activi- 

ties of  a  group  of  other  engineers  and 
technicians. 

For  immediate  consideration, 
please  airmail  complete  resume  to: 
MR.  ROBERT  A.  MARTIN 
Head  of  Employment 
Hughes  Aerospace  Divisions 
11940  W.  Jefferson  Blvd. 
Culver  City 25,  California 

Creating  a  new  world  with  Electronics 

HUGHES 

AEROSPACE  DIVISIONS 
An  equal  opportunity  employer. 
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names  in  the  news 

Lee  Porst:  Appointed  vice  president  of 
Sonex,  Inc.,  Philadelphia. 

John  T.  Ralph:  Appointed  executive 
assistant  to  the  president  of  United-Carr 
Fastener  Corp.,  Boston. 

B.  F.  Dittman:  Named  chief  engineer 
at  Vickers,  Inc.'s  Torrance,  Calif.,  plant. 

George  A.  Chappell,  Jr.:  Appointed 
general  manager  of  American  Machine  & 
Foundry  Co.'s  Buffalo,  N.Y.,  division. 

William  J.  Henderson:  Appointed  ex- 
ecutive vice  president  of  Victory  Elec- 
tronics, Inc.,  Syosset,  N.Y. 

Robert  Moore:  Elected  vice  president 
and  eastern  representative  of  Colby  Crane 
and  Manufacturing  Co.,  New  York. 

Dr.  Bernard  Levine:  Named  manager 
of  applications  research  at  Martin  Co.'s Space  Systems  Div.,  Baltimore. 

Dr.  Charles  R.  Burrows:  Appointed 
senior  scientist  of  Radio  Engineering  Lab- 

oratories, Inc.,  Long  Island  City,  N.Y. 

Lt.  Col.  Melvin  D.  Clark:  Named  chief 
of  the  Atlantic  Missile  Range  Army  Field 
Office  at  Patrick  AFB,  Fla. 

Col.  Roland  Paul  West  (USA  ret): 
Appointed  president  of  Paul  Hardeman 
International,  S.  A.,  Stanton,  Calif. 

Ray  E.  Williams:  Appointed  produc- 
tion manager,  air  data  systems,  at  the 

Guidance  and  Control  Systems  Div.  of 
Litton  Industries,  Inc.,  Woodland  Hills, 
Calif. 

Leonard  F.  Verdery:  Named  vice  presi- 
dent of  engineering  at  Ortronix,  Inc.,  Or- 

lando, Fla. 

Thomas  W.  Coughlin:  Named  manager 
of  the  Cambridge,  Md.  Div.  of  Airpax 
Electronics,  Inc. 

Stanley  H.  Ireland:  Appointed  director 
of  advertising  for  Robertshaw-Fulton's Aeronautical  and  Instrument  Div.,  Ana- 

heim, Calif. 

Col.  Norair  M.  Lulejian  (USAF  ret.): 
Joined  the  advanced  planning  staff  of 
United  Aircraft  Corp.,  East  Hartford. 

W.  W.  McFarland:  Elected  chairman 
of  the  board  of  directors  of  Hazeltine 
Corp.,  Little  Neck,  N.Y.  R.  L.  Beam 
elected  president  and  chief  executive 
officer. 

Stephen  Einig:  Appointed  director  of 
marketing  for  the  Defense  Products  Div. 
of  Fairchild  Camera  and  Instrument  Corp.. 
Syosset,  N.Y. 

Kenneth  W.  Peterson:  Named  manager 
of  quality  control  at  Pickard  &  Burns,  Inc., 
Waltham,  Mass.  Perry  C.  Smith  appointed 
manager  of  marketing. 

John  T.  McGraw:  Appointed  executive 
vice  president  of  the  Vard  Div.  of  Royal 
Industries,  Inc.,  Pasadena,  Calif. 

James  R.  Riedmeyer:  Appointed  assist- 
ant general  manager  of  the  TAMAR  Elec- 

tronics Microwave  Div.  of  Electronics  In- 
dustries, Inc.,  Anaheim,  Calif. 

James  E.  Holland:  Appointed  manager 
of  the  Guidance  Sensors  Dept.  in  the  STL 
Guidance  Laboratory,  Redondo  Beach, 
Calif. 

Dr.  Jerome  P.  Keuper:  Resigned  as 
manager  of  systems  for  Radio  Corp.  of 
America  at  Atlantic  Missile  Range  to 
accept  presidency  of  Brevard  Engineering 
College,  Melbourne,  Fla. 

Scott  A.  Rogers,  Jr.:  Named  president 
of  Parker-Hannifin  Industrial  Group,  Par- 
ker-Hannifin  Corp.,  Cleveland. 

Focusing  eyepiece  for  convenience  of  user. 

For  the  ultimate 

in  precision  viewing  of 

intricate,  hard-to-reach  areas  . . . 

A.C.M.L  Fiber  Optic 

c/  Borescopes 

For  visualization  in  inaccessible  curved  areas 
where  a  flexible  instrument  capable  of  adapting 
itself  to  irregular  contours  is  required. 
Fiber  Optic  Borescopes  are  equipped  with 
focusing  eyepiece  and  fixed  or  movable  objec- 

tive as  required.  Illumination  can  be  provided 
by  a  flexible  fiber  optic  light  carrier  with  an 
external  light  source  or  an  annular  fiber  optic 
light  carrier  attached  to  the  image  carrier.  Fiber 
optic  light  carriers  are  particularly  advanta- 

geous for  transmission  of  intense  cold  light  to 
inaccessible  or  hazardous  areas. 

Please  send  details  and  sketch 

of  your  requirements. 
AMERICAN  CYSTOSCOPE  MAKERS,  Inc. 

8  Pelham  Parkway,  Pelham  Manor  (Pelham),  N.  Y. 

56 Circle  No.  13  on  Subscriber  Service  Card 
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 when  and  where  

NOVEMBER 

Northeast  Electronics  Research  and  Engi- 
neering Meeting,  IRE,  Commonwealth 

Armory  &  Somerset  Hotel,  Boston, 
Nov.  5-7. 

Symposium  on  Lasers  and  Applications, 
Antenna  Laboratory,  Dept.  of  Electri- 

cal Engineering,  Ohio  State  Univer- 
sity, Columbus,  Ohio,  Nov.  7-8. 

Eighth  Annual  Conference  on  Magnetism 
and  Magnetic  Materials,  IRE,  Penn- 
Sheraton  Hotel,  Pittsburgh,  Nov.  12-15. 

Retardation  and  Recovery  Symposium, 
sponsored  by  Aeronautical  Systems 
Div.'s  Flight  Accessories  Laboratory, 
Imperial  Motel,  Dayton,  Ohio,  Nov. 13-14. 

National  Symposium  on  Materials  Com- 
patibility and  Contamination  Control 

Processes,  Society  of  Aerospace  Mate- 
rials and  Process  Engineers,  Hollywood 

Roosevelt  Hotel,  Hollywood,  Calif., 
Nov.  13-15. 

Seventeenth  Annual  Meeting  and  Space 
Exposition,  sponsored  by  ARS,  Pan 
Pacific  Auditorium,  Los  Angeles,  Nov. 
13-18. 

Mid-America  Electronics  Conference,  IRE, 
Hotel  Continental,  Kansas  City,  Mo., 
Nov.  19-20. 

ASME  Winter  Annual  Meeting,  Statler 
Hilton  Hotel,  New  York  City,  Nov. 
25-30. 

Western  States  Section  Meeting,  The  Com- 
bustion Institute,  Aerojet-General 

Corp.,  Sacramento,  Calif.,  Nov.  26-27. 
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CALLAHAN  PUBLICATIONS 

Dept.  MR 1722  Wisconsin  Ave.,  N.W. 
Washington  7,  D.  C. 

FILTER  REPRESENTATIVES 
FLUID  DYNAMICS,  manufacturer  of 
filters  for  the  aerospace  and  process  indus- 

tries is  looking  for  established  representa- 
tives to  exclusively  represent  them  in  many 

trading  areas  throughout  the  United  States. 
Applicants  must  be  aggressive,  technically 
qualified  and  presently  handling  allied  lines. 
Send  complete  resume  to: 

W.  J.  Spencer 
Fluid  Dynamics,  Inc. 
12  Delia rt  St. 
Morristown,  N,  J. 
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West  Coast 

Opportunities 

SENIOR  ENGINEERS 

Vacuum 

Cryogenics Mechanical  Systems  Design 
With  a  background  of  itaff  technical  super- 

vision on  design  and  studies  of  space  or  missile 
test  facilities.  Experience  should  be  on  large 
systems  both  operational   and  environmental. 

ENGINEERS 

Radiation  Shielding 

Design  engineer  with  experience  on  nuclear 
power  plants  or  space  facilities. 
Relocation  allowances  cover  moving  costs  plus 
transportation  reimbursement  for  you  and  mem- 

bers of  your  family.  Please  send  a  resume  of 
experience,  including  your  present  and  required 
salary  to: 

Box  80 

Missiles  and  Rockets  Magazine 
1001  Vermont  Ave.,  N.W. 

Washington  5,  D.  C. 
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editorial . 

"he  Ethics  of  Fame 

FAME  AND  HONOR,  in  this  nation  at  this  time, 
all  too  frequently  are  considered  inseparable.  They 

are  not.  It  is  possible  to  have  fame  without  honor  and 
honor  without  fame. 

We  are  reminded  of  this  by  a  news  item  concern- 
ing Army  Maj.  Lawrence  R.  Bailey,  who  has  received 

the  Bronze  Star  and  Purple  Heart  following  his  re- 
lease by  the  Pathet  Lao  after  months  of  brutal  treat- 

ment. 
You  may  recall  the  news  photographs  of  Maj. 

Bailey  being  carried  on  a  stretcher  from  the  aircraft 
that  brought  him  home. 

The  citizens  of  the  major's  hometown  of  Laurel, 
Md.,  recently  tried  to  present  him  with  an  automo- 

bile as  a  token  of  their  appreciation.  Declining,  Maj. 
Bailey  suggested  the  money  be  used  to  establish  a 
scholarship  fund. 

We  could  not  help  but  contrast  the  major's  action with  those  of  our  seven  astronauts. 
We  are  well  aware  that  the  astronauts  are  brave, 

courageous  and  dedicated  men  who  wear  their  fame 
with  proper  public  humility.  But  they  have  shown  a 
singular  lack  of  character  when  it  comes  to  the  ques- 

tion of  profiteering  on  their  fame. 
We  are  weary  of  speculation  in  motels,  apart- 

ment buildings  and  other  real  estate.  We  find  little 
to  admire  when  the  directors  of  a  large  aerospace 
firm  almost  come  to  blows  over  the  possibility  of  in- 

vestment by  the  astronauts.  We  find  nothing  noble  in 
the  renting  by  NASA  of  luxury  apartments  with 
wrought-iron  stairways  and  a  50-ft.  swimming  pool 
under  the  guise  of  Houston  "working  quarters"  for 
the  astronauts.  We  find  nothing  to  applaud  in  the 
rejection  of  the  offer  of  free  homes  in  Houston — 
after  acceptance  of  the  real-estate  promoter's  scheme 
became  public. 

We  find  nothing  but  revulsion  in  the  deal  which 
set  the  whole  thing  in  motion,  the  half-million-dollar 
sale  of  exclusive  rights  to  their  personal  stories  to 
LIFE  magazine.  They  have  sold  their  stories  and  the 
stories  of  their  wives  to  the  highest  bidder  in  a  crass 
commercialization  of  man's  first  step  to  the  stars. 

The  astronauts  can  aver  they  were  badly  advised 
by  their  business  manager — and  they  were.  They  can 
say  they  were  poorly  led  on  this  matter  by  their 
superiors  at  NASA — and  they  were.  But  these  men 
of  space  are  supposed  to  be  the  finest  of  our  land, 
men  of  Homeric  stature  who  are  leaders  and  advisers 
in  matters  of  honor  in  the  best  classical  tradition. 

They  should  need  no  business  manager,  they 
should  require  no  advice  on  this.  Where  is  the 
strength  of  character  to  lead  the  nation,  not  to  follow 
the  unethical  advice  of  others? 

The  seven  gentlemen  are  the  first  into  space,  but 
they  have  left  the  path  littered  with  unpleasant  debris. 
Let  them  take  a  day  away  from  the  centrifuge  and 
study  what  the  philosophers  have  to  say  about  the 
ethics  of  fame. 

Aristotle  has  described  for  them  in  the  Nicoma- 
chean  Ethics  the  behavior  of  the  honorable  man  of 

courage:  "He  will  face  great  dangers,  and  when  he 
is  in  danger  he  is  unsparing  of  his  life,  knowing  that 
there  are  conditions  on  which  life  is  not  worth  having. 
And  he  is  the  sort  of  man  to  confer  benefits,  but  he 
is  ashamed  of  receiving  them;  for  the  one  is  the 

mark  of  a  superior,  the  other  of  an  inferior." 
Seneca  tells  us:  "The  reward  of  a  thing  well  done 

is  to  have  done  it."  Or  again,  Montaigne:  "The  ac- 
tions of  virtue  are  too  noble  in  themselves  to  see  any 

other  reward  than  from  their  own  value." 
Our  first  astronauts  have  displayed  the  highest 

courage  and  reaped  the  fame  justly  due  them.  But 
to  deal  in  apartments  and  motels  with  profits  from 
their  achievements  is  to  demean  those  achievements 
and  to  demean  themselves. 

Their  deeds  of  courage  are  not  the  only  deeds 
of  courage  in  our  nation.  Military  pilots  risk  their 
lives  daily  even  in  peacetime,  without  a  single  motel 
to  show  for  it.  The  astronauts  have  given  their  coun- 

try no  fuller  measure  than  Maj.  Dick  Bong,  who  died 
in  the  flaming  crash  of  a  P-80  after  becoming  the  top 
Pacific  ace,  or  Maj.  Tom  Lynch,  who  was  killed  when 
his  P-38  exploded  off  Tadji  in  the  South  Pacific.  They 
have  given  no  more  than  a  naval  reserve  lieutenant 
killed  on  a  weekend  training  flight. 

The  astronauts  know  this.  They  are  not  seeking 
the  fame  heaped  upon  them.  It  is  apparent  that,  as 
men  of  humility,  they  are  frequently  made  uncom- 

fortable by  it.  In  this,  they  should  rest  easy.  There  is 
nothing  intrinsically  wrong  with  selling  an  article  to 
LIFE  magazine.  Many  a  pilot  has  done  it.  Maj. 
Bailey's  story  would  make  worthy  reading  in  a  na- 

tional publication. 
It  is  the  manner  and  volume  of  the  commercial 

dealings  of  the  astronauts  that  are  improper,  in  the 
most  classical  sense,  for  honorable  men. 

THEY  ALONE  are  not  at  fault.  It  is  to  the  discredit 
of  our  industry  and  our  society  that  we  let  these 

men  be  tempted  by  the  cheap  profit  motives  of  a 
mass  magazine,  that  we  did  not  advise  or  lead  them 
better.  But  if  these  are  men  of  true  greatness,  they 
must  be  the  leaders  and  set  proper  standards  for 
others.  To  date,  they  have  failed,  not  in  bravery  and 
accomplishment  but  in  honor  and  reputation. 

It  is  not  too  late  for  them  to  remedy  this,  to  set 
classic  standards  for  those  who  will  follow.  Much 
depends  on  their  leadership,  not  upon  rules  promul- 

gated by  NASA  or  the  Air  Force. 
As  it  is,  our  heroes  have  feet  of  clay  and  it  leaves 

us  uncomfortable. 
For  contemplation  in  orbit,  we  can  offer  the  astro- 

nauts no  better  advice  than  another  quotation  from 
the  Essays  of  Montaigne:  "The  virtue  of  the  soul  does 
not  consist  in  flying  high,  but  in  walking  orderly." 

William  J.  Coughlin 
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#  From  Miami  to  Jacksonville,  from  Naples  to  Pensacola 
. . .  Florida  is  the  booming  aviation  state. 

Aircraft  overhaul .  .  .  Small  plane  manufacturing  ...  Jet 
engine  testing. . .Electronics... Components  for  missiles  and 
rockets...  Engineering  and  design ...  Research  and  develop- 

ment... Space  technology... Cargo  for  the  world's  markets. 
From  Cape  Canaveral  to  Eternity,  Florida  is  the  space 

age  state.  Find  out  why,  and  we'll  see  you  at  the  crossroads 
of  the  skies  . . .  Florida  ...  the  best  place  on  earth  for 
your  new  facilities! 

FLORIDA'S  ASSURANCE  POLICY 
"You  have  my  personal  assurance  of  a  sunny  business  climate  here  in  Flor- ida. You  have  positive  assurance  of  every  aid  and  assistance  possible  from 
our  Florida  Development  Commission  and  from  the  overwhelming  majority 
of  our  businessmen,  industrialists,  and  financiers.  We  have  everything  to 
make  your  large  or  small  enterprise  healthy  and  successful.  Write,  wire 
or  phone  us  today.  The  only  thing  better  than  a  FLORIDA  vacation  is 
having  your  plant  here." 

FARRIS  BRYANT,  Governor 

Y 

INVESTIGATE 

FLORIDA  FOR  CONVENTIONS  —  Write  lor  free  information 
on  Florida's  wonderful  facilities  for  your  group  meeting. 

Mr.  Wendell  Jarrard,  Chairman 
FLORIDA  DEVELOPMENT  COMMISSION 
Box  424 IB    •    Tallahassee,  Florida  I 

Please  send  me  brochure,  "Why  Your  New  Plant  Should  Be  | 
Located  In  Florida,"  containing  the  facts  about  FLORIDA'S 
opportunities  for  New  Industry,  the  10  BILLION  DOLLAR  CON- 

SUMER MARKET,  Labor,  Climate,  Schools,  Natural  Resources, 
Favorable  Tax  Structure. 

A  lO  BILLION  DOLLAR  MARKET 
I 

Ask  about  free  film  "Profile  of  Progress."  1 

Name  

Firm  Name.. 
Address  
City  ..Zone. ..State.. 

Circle  No.  4  on  Subscriber  Service  Card 



NEW!  REMOTE  SERVICE 

RAPID  CHARGE  &  VENT 

GROVE  LOADING 

REGULATOR 

r 

GROVE  REGULATORS 

MR 

SIMPLE  CIRCUIT- only  three  wires  re- 
quired to  connect  new  Grove  model  17 

reducing  and  relief  regulator  to  your 

control  panel  switches.  The  regulator's two  24  volt  DC  solenoids  are  actuated 
by  two  switches— one  for  load,  one  for vent. 

INSTANT  RESPONSE-designed  for  rapid 
programming  of  the  reference  pressure 
in  gas  loaded  dome  regulators. The  model 
17  loading  regulator  operates  on  the 
same  principle,  with  both  the  reducing 
and  relief  functions  controlled  by  a 
mutual  reference  pressure. 

VENT  PORT— provided  for  attachment 
of  line  to  conduct  away  gas  discharged 
from  dome  during  venting  operation. 

FAIL-SAFE— upon  malfunction  of  elec- 
trical system,  the  Grove  model  17 

loading  regulator  automatically  vents 
downstream  to  zero  pressure. 
MODEL  17  Grove  loader  is  rated  to  6,500 

pound  maximum  inlet  pressure,  adjust- 
able to  6,000  pounds  on  the  control 

side.  Body  and  dome  are  anodized 
aluminum,  trim  is  18-8  stainless  steel. 
Main  and  relief  diaphragms,  nitrile 

rubber.  All  nylon  valves.  End  connec- 
tions, h"  AND  10050-4  or  to  suit  your needs.  Write  for  data  sheet. 

WALWORTH 

GROVE 

ALOYCO 
sales  division  of  Walworth  Company 
6529  Holhs  Street,  Oakland  8.  Calif. 
O"  .  f  j         distributors  throughout  tf>e  world  79 



New  Look  at  Aeronutronic 

Grumman  Wins  LEM  Competition  

Details  of  S-66  Laser  Tracking  
Long-Duration  Mach  15  Tunnel  Shown  . 



SCIENTISTS  AND  ENGINEERS:  Today,  Motorola  digital  systems  and 

equipment  are  providing  fresh  and  forceful  solutions  to  problems  of  communications
,  command 

and  control  for. .  .the  Air  Force  data  acquisition  and  relaying  system  at  the  Edwards  AFB
 

high  speed  flight  corridor. .  .the  NASA/JPL  Mariner  and  NASA/McDonnell  Gemini  spacecraft 

digital  command  systems ...  and  the  Navy/Gyrodyne  DASH  drone  helicopter  control  system. 

Current  studies  also  encompass  random  access  digital  communications,  digital-to
-voice 

translation,  and  ACCESS,  a  combined  digital/voice  approach  to  air-ground-air  
communication. 

If  you  are  interested  in  shaping  the  future  on  these  or  other  challenging  programs, 

write  today  describing  in  detail  your  experience  in  the  following  areas : 

Mindpower  and  Manpower. . .  

shaping  the  future  in  DIGITAL  COMMUNICATI
ONS  SYSTEMS 

Systems  Design  .  statistical  communication  techniques,  coding  theory  and  logic  organi
zation  concepts 

Equipment  Design  .  receivers  and  transmitters  for  satellite  air-ground-air  and 
 undersea 

applications,  signal  conditioners  for  telemetry  systems. 

Research  .  advanced  display  techniques,  oceanographic  instrumentation,  underwater  sound  e
ngineerin 

Familiarity  with  State-of-the-Art  .  coding  and  decoding  methods,  modulation  techniques, 

sensors,  transmitters,  receivers  and  displays,  integrated  circuit  applications  and  ultra-reliabihty 
 technique 

We  are  particularly  interested  in  programs  on  which  this  experience  was  obtained,  and  the  extent  of  y
our 

technical  responsibility.  Address  information  to  our  Manager  of  Engineering  at  the  location  of  your  c
hoic 

©A
n 
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Military  Electroni
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CmCAOO  51.  ..MHO.., ,*5Q  K.  Cicero  Ave./SCOTTSOALE,  »...«»  E.  McOOW...  ^  /  R.VEKS.DE.  Ca.lfornia.  8330  ,ndiana  Ave. 

* — , 



ENGINEERS  •  SCIENTISTS  •  JOIN  US  IN  GIVING  A  NEW  DIRECTION  TO  AEROSPACE  TECHNOLOGY 

((((((((((((((( 

TO  VENUS 

AND  BACK 
us/ 
CK  1 

reliability  in  Space  Communications- Only  One  of  the  Critical  Aerospace  Problem 
Areas  for  which  REPUBLIC'S  PAUL  MOORE  RESEARCH  CENTER  has  R  &  D  Contracts 
REPUBLIC  is  carrying  on  long  term  programs  to  develop  high  radiation  tolerance  and  a  new  order  of  overall 
reliability  in  electronic  components  and  systems  for  space  communications  -  and  for  guidance  navigation 
data  gathering  and  processing  as  well.  Other  REPUBLIC  programs  probe  the  life  expectancy 'in  space  of structural  materials,  fluid  systems  and  mechanical  devices.  The  PAUL  MOORE  CENTER  is  effectively equipped  to  support  engineers  and  scientists  in  this  many-sided  effort.  The  most  sophisticated  and  integrated 
research  complex  in  the  East  today,  the  CENTER  is  rapidly  becoming  a  primary  source  for  new  knowledge in  many  urgent  areas  of  aerospace  technology. 
EXAMPLES  OF  AEROSPACE  R&D  PROGRAMS  AT  REPUBLIC 
Re-Entry  Test  Vehicles  for  advanced  space  programs  /  Thermal  Protection  Studies  /  Spacecraft  Tracking  Concepts (Re-Entry  Per.od)  /  Hydraulic  &  Pneumatic  Systems  (Re-Entry  &  Space  Voyages)  /  Life  Support  Systems  /  Guidance for  Orbrtal  Rendezvous  /  Full  Scale  Plasma-Pinch  Engine  for  Space  Propulsion  /  AEROS  Study- Meteorological  Satel- lites (in  plane  of  equator)  /  Advanced  Orbiting  Solar  Observatory  /  Hydrospace  Projects  /  Space  Radiation  Studies  / CO2  Adsorption  Research  /  Magnetic  Induction  Gyro  /  Antennas  (miniaturization)  /  Spark  Chamber  Spectrometer. 
IMPORTANT  POSITIONS  OPEN 
Astrodynamics  (mission  analysis,  satellite  maneuverability,  guidance  system  criteria  for  earth  satellites  lunar  proj- ects) /  Structural  Research  (elastic  &  inelastic)  /  Structural  Computer  Analysis  /  Stress  Analysis  /  Hypersonic  Gas- dynamics  Research  /  Re-Entry  &  Satellite  Heat  Transfer  Analysis  /  Design  Criteria  (hypersonic  re-entry  vehicles)  / Thermal  Protection  Research  /  Hypersonic  Wind  Tunnel  Investigations  /  Space  Environmental  Controls  D  &  D  /  Space Propulsion  and  Power  Systems  /  Cryogenic  Research  (liquid  hydrogen)  /  Antenna  Design  (re-entry  vehicles)  /  Life Sciences  (systems)  /  Physical  Sciences  /  Space  Electronics  (telemetry,  communications,  guidance,  tracking,  ECM, 
ASGSE,  data  handling)  /  Magnetic  Resonance  Gyro  Development  /  Electromagnetic  Theory  /  Weapon  Systems  Analysis.' Interested  applicants  are  invited  to  write  in  confidence  to  Mr.  George  R.  Hickman,  Professional  Employment  Manager,  Dept.  4M-2. 

REPUBLIC 
AVIATION  CORPORATION 
FARMINGDALE,  LONG  ISLAND,  NEW  YORK 

An  Equal  Opportunity  Employer 
Circle  No.  1  on  Subscriber  Service  Card 



As  complexity  grows,  so  must  individual 

component  reliability 

This  is  a  tiny  portion  of  the  miles  of  complex  Bell 
Telephone  circuits  used  for  military  and  civilian 
communications. 

In  order  for  each  circuit  to  work  properly,  every 
component  in  the  circuit  must  function  according 
to  design  standards. 

And  as  circuit  complexity  increases,  an  almost 
incredibly  high  reliability  must  be  engineered  into 
each  component. 

It  is,  in  the  Bell  System. 

Bell  System  communications  specialists  have 

extended  component  reliability  to  new  heights  of 
achievement. 

In  addition,  every  major  communications  channel 
gains  support  from  the  vast  network  that  is  in  being, 

so  that  if  one  channel  fails,  a  "make  good"  channel 
maintains  continuity. 

Communications  are  the  lifelines  of  our  defense 
system.  Nothing  is  left  to  chance  in  the  Bell  System 
to  assure  that  these  lifelines  will  always  function. 

QpJ  Bell  Telephone  System 

AMERICAN   TEL.  &  TEL.  CO. WESTERN   ELECTRIC  CO 

■/ 

BELL  TELEPHONE  LABORATORIES 
/ 21  OPERATING  COMPANIES 
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like 

to 

hire 

a 

new 

kind 

of 

private 

eye? 

Looking  for  a  new  kind  of  eye?  Im- 
pressed by  the  long  distance  vision  of 

TIROS  and  nimbus?  Those  were  Elgeet 
lens  systems  specifically  engineered  to 
prove  that  "pie-in-the-sky"  could  be- 

come actual  "eye-in-the-sky"  concepts. 
At  elgeet  we  have  the  optical  know- 
how  and  the  design  imagination  you 
may  be  seeking-  for  your  own  project. 
We'll  send  our  Design  Section  to  meet 
with  you  in  your  office  and  take  that 
optical  problem  off  your  desk.  We  feed 
it  into  experienced  minds  and  high- 

speed computers  to  break-through  to 
your  possible  solutions.  Let  elgeet  be 
your  Private  Eye.  Take  your  choice  of 
a  deep  look,  a  quick  look,  a  dim  look,  a 
bright  look,  a  wide  look,  a  forward  look, 
a  top-side  look  or  an  underbelly  look. 
But  first:  write  to  elgeet  optical 
company,  S09  Child  Street,  Rochester 
11,  New  York  for  an  information  file. 

letters 

Cuban  Crisis 
To  the  Editor: 

Your  Oct.  29  editorial  ("Responsibility 
in  Crisis")  was  worth  the  cost  of  the  whole 
year's  subscription  to  your  magazine. 

It  is  a  gift  to  be  able  to  write  such 
a  comprehensive  editorial,  and  it  is  even 
a  greater  gift  to  have  such  a  wonderful 
understanding  and  appraisal  of  the  subject 
on  which  you  are  writing. 

K.  T.  Keller 
Detroit 

To  the  Editor: 
Your  Oct.  29  editorial  was  well-written 

and  to  the  point.  It  has  been  well  received 
by  all  who  have  read  it,  and  we  feel  that 
it  has  a  special  message  to  every  man  as- 

sociated with  the  country's  defense  pro- 

gram. The  fact  that  few  people,  other  than 
subscribers  to  your  magazine,  will  have  an 
opportunity  to  read  this  thought-provoking 
editorial  has  prompted  me  to  make  the  fol- 

lowing request:  If  at  all  possible,  please 
send  us  twelve  extra  copies  of  the  editorial. 
We  wish  to  circulate  these  throughout  our 
test  facility — to  management,  engineers, 
and  craftsmen. 

A.  D.  Jarratt 
Assistant  Manager 
TOB,  T-Div.,  RTF 
Aro,  Inc. 
Arnold  AFS,  Tenn. 

Pearl  River  County 
To  the  Editor: 

Your  Oct.  1  article  concerning  the 
NASA  Test  Facility  to  be  built  in  Missis- 

sippi at  a  construction  cost  of  one-half 
billion  was  of  interest  to  me.  I  have  a 
childish  faith  in  the  law  of  the  land,  and 
know  that  award  of  contracts  to  contrac- 

tors practicing  discrimination  is  unlawful. 
I  suspect  that  the  contractors  working  in 
Pearl  River  County,  Mississippi,  will  not 
worry  too  much  about  discrimination,  in 
that  there  won't  be  much  protest  in  the 
locality.  In  fact,  things  are  so  controlled 
in  Pearl  River  County  that,  according  to 
the  Voting  Volume  of  the  1961  Report  of 
the  U.S.  Commission  on  Civil  Rights,  no 
Negro  is  registered  to  vote  in  this  county. 
According  to  the  U.S.  Supreme  Court,  that 
is  prima  facie  evidence  of  discrimination! 

Despite  the  fact  that  Massachusetts  is 
the  home  of  Dr.  Goddard  (the  liquid-pro- 

pelled rocket),  Dr.  Kantrowitz  of  Avco 
Everett  (re-entry),  Dr.  Aiken  of  Harvard 
and  others  at  MIT  (the  electronic  digital 
computer),  and  Dr.  Draper  of  MIT  (iner- 
tial  guidance),  Massachusetts  manages  to 
get  fewer  space  contracts.  In  fact,  NASA 
spends  thousands  of  times  more  money 
per  scientist,  per  mathematician,  or  per 
engineer  in  Mississippi  and  Texas  than  in 
Massachusetts. 

We  could  use  some  work  in  the  peace- 
ful exploration  of  space.  Mr.  Kennedy 

promised,  in  his  campaign  for  Senator, 

that  he  "can  do  more  for  Massachusetts." I  fail  to  see  how  he  can  do  more  as  Junior 
Senator  than  his  brother  has  done  as  Presi- 
dent. 

Apparently  the  best  way  to  assure  one's 
state's  position  in  the  space  race  is  to  shoot 
foreign  correspondents  in  the  back,  and 
segregate.  It  helps  to  have  a  Representative 
or  Senator  on  the  appropriations  commit- 

tees, I  suppose,  with  plenty  of  seniority 
from  a  one-party  system. 

Nathaniel  A.  Denman 
Cape  Cod,  Mass. 

Chinese  Puzzle 
To  the  Editor: 

Willy  Ley,  in  his  widely  read  "Rockets, 
Missiles  and  Space  Travel,"  states  that  Wan Hu,  a  Chinese  mandarin,  in  about  1500 
attempted  to  propel  a  sled  by  the  force  of 
some  47  rockets;  this  experiment,  of  course, 
was  unsuccessful. 

Yet  just  recently  I  have  come  across 
a  1957  public  relations  pamphlet  from  the 
Reaction  Motors  Div.  of  Thiokol  Chemical 

Corp.,  Denville,  N.J.,  entitled  "This  Is 
RMI  Power  for  Progress,"  which  states 
that  in  1237  Chou  Foo  Ling  "made  an  at- 

tempt to  propel  a  sled  by  rocket  power." Which  version  is  correct  and  just  where 
and  when  did  this  legend  originate?  Per- 

haps one  of  your  readers  might  know. 
I  look  forward  to  each  new  issue  of 

your  magazine.  Keep  up  the  good  work. 
F.  H.  W. 
Venice,  Calif. 

The  familiar  story  of  Wan  Hu  appears 
in  various  sources.  He  purportedly  tried 
to  launch  himself  on  an  arrangement  of 
two  kites — and  was  killed  in  the  process. 
The  Chou  Foo  Ling  tale  is  new  to  us.  It 
is  generally  accepted  that  the  Chinese  first 
used  rockets  in  warfare  as  early  as  1232 
A.D.,  but  we  have  found  no  references  to 
any  Thirteenth  Century  efforts  in  rocket 
travel.  Has  anyone  else? — Ed. 

Safe  Assumption 

To  the  Editor: 

In  your  article  "Congress  May  Ride 
Close  Herd"  (M/R,  Oct.  22,  p.  16),  your 
reporter  blithely  assumes  leadership  of  the 
House  Space  Committee  passing  down 
from  one  Democrat  to  another. 

As  the  election  approaches,  a  Republi- 
can majority  does  not  seem  too  remote  as 

to  exclude  Representatives  Martin,  Fulton, 
etc.,  from  the  chairmanship  speculation. 

R.  A.  Carpenter 
Bethesda,  Md. 

M/R  certainly  took  no  sides  in  the 
Congressional  elections;  however,  the  best 
available  consensus  long  before  election 
day  was  that  it  was  virtually  impossible  for 
the  Republicans  to  gain  the  44  seats  they 
needed  to  gain  control  of  the  House. — Ed. 
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7,000  gal.  titanium  tank 

for  liquid  hydrogen 

built  by  Beech  Aircraft 

Data  now  available  on  ̂ Tkamumsj 

cryogenic  properties 

Titanium  can  hold  more  liquid  hydrogen  at  less 
tank  weight  than  any  other  material  and  still  give 

you  impermeability  to  hydrogen,  generous  elonga- 
tions and  notch  toughness  at  — 423F. 

Some  specifics.  The  liquid  hydrogen  tank  shown 
here  was  built  and  successfully  hydrostatically 
tested  by  Beech  Aircraft  Corp.  Capacity:  7,000 
gallons.  It  was  fabricated  from  sheet  supplied  by 
Titanium  Metals  Corporation  of  America  to  less 
than  AISI  tolerances,  in  thicknesses  ranging  from 
0.014  to  0.025  inches. 

Cryogenic  alloys.  The  alloy  used  was  Ti-6A1-4V 
ELI,  one  of  two  alloy  grades  advanced  by  TMCA 
specifically  for  liquid  hydrogen  service.  The  other 
grade  is  Ti-5Al-2.5Sn  ELI.  The  designation  ELI 
stands  for  Extra-Low  Interstitials.  Typical  proper- 

ties of  these  grades  at  — 423F: 
Ti-6AI-4V  ELI:  tensile  strength,  263  ksi;  yield 
strength,  248  ksi;  notch  tensile  strength,  211  ksi; 
elongation,  7%. 
Ti-5AI-2.5Sn  ELI:  tensile  strength,  229  ksi;  yield 
strength,  206  ksi;  notched  tensile  strength,  233  ksi; 
elongation,  15%.  Compare  these  properties  with 

stainless  and  aluminum.  You'll  see  why  titanium 
guarantees  more  payload! 

Then  contact  TMCA,  the  nation's  only  firm  de- 
voted exclusively  to  titanium  and  the  only  company 

providing  the  full-time  comprehensive  technical 
service  you  require.  Phone,  write  or  wire  TMCA 
for  cryogenic  data  today. 

TIMET 
titan  i u  m 

i  ti 

TITANIUM  METALS 
CORPORATION  OF  AMERICA 
233  Broadway,  New  York  7,  N.  Y. 
NEW  YORK  ■  CLEVELAND  •  CHICAGO  •  DALLAS  •  LOS  ANGELES 



A  new  solid  state  radar  system  built  by  STL  engineers  and 

scientists  can  send  out  and  receive  signals  at  X-band  fre- 
quencies to  help  man  rendezvous  and  dock  vehicles  in 

space.  STELATRAC  is  its  name.  It  is  the  first  solid  state 
system  of  its  kind.  The  X-band  transmitter  is  shown  above. 
It  has  successfully  passed  temperature  and  vibration  tests. 
STELATRAC  can  also  be  used  as  a  command  link  between 

vehicles  in  flight.  By  altering  its  module  design,  the  flexible 
radar  system  operates  as  an  altimeter  and  doppler  velocity 
sensor  to  guide  spacecraft  safely  to  the  surface  of  the  moon 
and  planets.  Today  STL  is  busy  on  many  such  projects  as 

STELATRAC.  STL  is  also  prime  contractor  for  NASA's 
OGO  and  a  new  series  of  classified  spacecraft  for  Air  Force- 
ARPA.  And  STL  continues  Systems  Management  for  the 

Air  Force's  Atlas,  Titan  and  Minuteman  programs.  These 
activities  create  immediate  openings  in  Theoretical  Physics 

•  Systems  Engineering  •  Radar  Systems  •  Experimental 

Physics  •  Applied  Mathematics  •  Space  Communications  • 
Antennas  and  Microwaves  •  Inertial  Guidance  •  Analog 

Computers  •  Solid  State  Physics  •  Computer  Design  • 
Telecommunications  •  Space  Physics  •  Digital  Computers 

•  Guidance  &  Navigation  •  Electromechanical  Devices  • 

Engineering  Mechanics  •  Aerodynamics  •  Propulsion 
Systems.  For  Southern  California  or  Cape  Canaveral 
positions,  write  Dr.  R.  C.  Potter,  Department  B12, 

One  Space  Park,  Redondo  Beach,  California,  or  Box 
4277,  Patrick  AFB,  Florida.  Your  inquiry  will  receive 

a  prompt  reply.  STL  is  an  equal  opportunity  employer. 

Los  Angeles  •  Vandenberg  AFB  •  Norton  AFB,  San  Bernardino 

SPACE  TECHNOLOGY  LABORATORIES,  INC. 

o  subsidiary  of  Thompson  Ramo  Wooldridge  inc. 

Cape  Canaveral  •  Washington.  D.C.  •  Boston  •  Huntsville  •  Dayton 
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The  Countdown 

WASHINGTON 

Soviet  Mars  Failure  Reported 

It  hasn't  been  confirmed  but  Pentagon  insiders  report that  the  successful  Soviet  Mars  shot  was  the  second  of 
two  attempts  within  a  week.  The  first  failed.  Estimates 
place  the  thrust  of  the  improved  Russian  booster  at  1.2 
million  lbs.  This  indicates  a  further  widening  of  the  gap 
with  the  U.S.  Earlier  Soviet  space  shots  relied  on  an 
800,000  lb.  thrust  vehicle. 

Delivery  of  First  Gemini  Capsule  Set 
McDonnell  Aircraft  is  scheduled  to  deliver  the  first 

Gemini  spacecraft  to  NASA  in  mid-February.  The  com- 
pany isn't  very  happy,  incidentally,  with  descriptions  of 

Gemini  as  an  intermediate  step  between  Mercury  and 
Apollo.  Program  officials  believe  Gemini  has  a  strong 
potential  of  its  own,  both  civilian  and  military. 

U-2  Hit  by  High-Altitude  Missile 
Military  sources  say  the  advanced  Soviet  antiaircraft 

rocket  which  shot  down  Maj.  Rudolph  Anderson's  U-2 
over  Cuba  was  similar  to  the  Army's  Nike-Hercules.  The 
Hercules  has  a  ceiling  of  150,000  ft.,  which  would  place 
the  U-2  operating  altitude  well  within  range  of  the  Rus- 

sian rocket. 

LLV  Studies  Due  Next  Month 
Feasibility  studies  on  the  lunar  logistic  vehicle  will 

go  to  NASA  in  about  three  weeks.  Companies  participat- 
ing are  Grumman,  Northrop  and  Space  Technology  Labo- 

ratories. Winning  of  the  lunar  excursion  module  award 
virtually  knocks  Grumman  out  of  this  competition.  Con- 

tract will  be  awarded  early  next  year. 

Army  Ending  Zeus  Testing  at  Pt.  Mugu 
The  Army  will  wind  up  its  Nike-Zeus  test  activities  at 

Pt.  Mugu,  Calif.,  by  Jan.  1.  Fifteen  Zeus  launches  have 
been  made  from  there.  The  series  may  end  with  one  or 
two  more  shots  before  activities  shift  exclusively  to  White 
Sands  and  Kwajalein. 

Battle  for  Funds  Within  NASA 
A  battle  for  Fiscal  1964  budget  funds  is  shaping  up 

within  NASA  between  the  manned  spaceflight  and  un- 
manned scientific  exploration  programs.  Biggest  losers 

in  early  skirmishing  for  Fiscal  '63  funds  have  been  the 
scientific  and  communication  satellite  programs. 

U.S.  Scientific  Leadership  Questioned 
Some  top  U.S.  scientists  say  claims  of  a  lead  over 

Russia  in  scientific  space  exploration  are  ridiculous.  They 
point  out  that  the  Soviets  have  launched  1 1  scientific 
satellites  in  the  past  year,  all  of  them  heavy  craft  requir- 

ing boosters  approaching  Saturn  class.  These  experts 
charge  that  the  U.S.  won't  be  able  io  duplicate  the Russian  achievement  until  its  scientific  observatories  are 
launched — two  to  four  years  from  now. 

Is  There  Any  Life  on  Earth? 
Only  one  of  the  many  thousands  of  photographs 

taken  by  the  Tiros  weather  satellites  has  shown  any  signs 
that  Earth  is  inhabited.  White  criss-crossed  lines  on  a 
photograph  of  the  Northern  hemisphere  turned  out  to 
be  snow-clogged  logging  roads  cut  in  a  Canadian  lumber 
forest. 

NASA  Studies  Possible  ANNA  Take-over 
NASA  is  establishing  a  three-man  committee  to  study 

possible  take-over  of  the  ANNA  geodetic  satellite  pro- 
gram. The  Navy  currently  runs  the  joint  military-civilian 

project.  Biggest  roadblock  to  a  transfer  to  NASA  is 
funding  approval. 

INDUSTRY 

Drum  Tests  for  TOW  Are  Successful 

Tests  of  non-rotating,  wire-dispensing  drums  for  the 
Army's  TOW  wire-guided  missile  were  carried  out  suc- 

cessfully at  the  Air  Force's  Missile  Development  Center at  Holloman  AFB.  Some  45  sled  runs  tested  unwinding 
of  the  wire  in  flight,  its  ability  to  sustain  electrical  signals 
and  aerodynamic  behavior  of  the  missile.  Drums  were 
designed  by  Hughes  Aircraft  and  Martin  Co. 

Find  Assembly  of  Syncom  Completed 
Hughes  Aircraft  has  completed  final  assembly  of  its 

Syncom  satellite.  It  now  is  in  final  checkout  before  deliv- 
ery to  NASA  at  Cape  Canaveral.  Launch  aboard  a 

Delta  booster  is  set  for  early  next  year. 

Moon  Dust  May  Be  Pretty  Hard 
Armour  Research  Foundation  scientists  say  initial 

experiments  for  NASA  indicate  dust  particles  become 
harder  and  more  firmly  knit  under  conditions  of  high 
vacuum  such  as  exist  on  the  Moon.  Further  studies  are 
being  made  to  determine  whether  the  expected  lunar  dust 
may  not  consist  of  particles  bonded  together  in  a  rock- like substance. 

DSIF  Antenna  to  be  Operational  in  '65 
First  of  three  210-ft.-dia.  parabolic  antennas  for  the 

Deep  Space  Instrumentation  Facility  is  to  be  operational 
in  1965  at  JPL's  Goldstone,  Calif.,  station.  The  other 
two  will  be  in  operation  by  1967  at  Johannesburg,  South 
Africa,  and  Woomera,  Australia.  Space  communications 
capacity  of  the  DSIF  will  be  improved  by  a  factor  of 
10  when  the  big  dishes  replace  the  present  85-ft.-dia. receivers. 

INTERNATIONAL 

First  European  Hawk  Is  Tested 
First  test  firing  of  the  European-built  Hawk  at 

Colomb-Bechar  in  late  October  destroyed  a  CT-20  target 
missile.  Belgian,  Dutch,  French,  German  and  Italian 
companies  are  cooperating  on  the  Raytheon-designed NATO  missile. 

Australia  Developing  ASW  Missile  System 
Development  of  an  antisubmarine  guided  missile 

system  has  been  undertaken  by  the  Australian  Ministry 
of  Defense  with  substantial  financial  assistance  from  the 
U.S.  Early  reports  are  of  a  promising  design. 

Vostok  Expert  Is  Killed 
Col.  Peter  Dolgov,  a  leading  Soviet  expert  on  the 

design  and  use  of  ejection  seats,  is  reported  to  have 
been  killed  in  the  line  of  duty.  He  was  one  of  those 
responsible  for  developing  the  landing  system  of  the 
Vostok  spacecraft. 
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Russians  Unveil  New  Shore-to-ship  Missile 
THE  RUSSIANS  have  revealed  a  new  50-ft.  missile  with  a  range  of  about  200  miles  and 
designed  for  shore-to-ship  use.  The  Soviet  Navy  weapon  is  shown  here  during  a  review 
held  in  Moscow  Nov.  7.  The  familiar  expansion  nozzles  seem  to  have  been  eliminated 
in  this  design  or  are  concealed  in  the  cylindrical  exhaust  tubes  visible  at  the  rear. 

Soviets  Launch  Mars  Probe 

Mars-I — a  1965  lb.  automatic  in- 
terplanetary station  launched  from 

a  heavier  satellite  in  a  parking  orbit 
Nov.  2 — will  pass  over  the  surface 
of  Mars  at  altitudes  ranging  from 
621  to  6831  miles,  according  to  the 
Soviet  News  Agency  Tass. 

Although  the  space  probe  was 
reported  to  be  on  a  trajectory  that 
would  take  it  within  162,000  miles 
of  the  planet,  Soviet  scientists  said 
that  Mars-I  was  well  within  the  ini- 

tial trajectory  error  of  300,000  miles. 
A  "precise  system  of  star  orienta- 

tion and  special  engines"  will  be 
fired  to  correct  the  trajectory  to 
bring  it  closer  to  the  planet,  Tass 
said. 

The  interplanetary  spacecraft — 
expected  to  pass  Mars  about  June 
25,  1963  when  the  planet  is  150  mil- 

lion miles  from  Earth — has  three 
primary  objectives: 

—Prolonged  exploration  of  outer 
space  during  the  flight  to  include 
analysis  of  interplanetary  plasma, 
meteoric  impacts  and  gravity  meas- 
urements. 

—Establish  interplanetary  space 
radio  communications  to  transmit 
the  physical  conditions  of  the  ve- 

hicle, such  as  temperature,  pressure 
and  humidity,  and  trajectory  data. 

—Photograph  the  surface  of 
Mars  and  relay  the  pictures  back 
to  Earth. 

Six  photographs  of  the  space- 
craft in  flight  were  made  by  Crimean 

Astrophysical  Observatory's  100-in. 
reflecting  telescope  using  an  "elec- 

tronic optical  light  receiver."  These 
devices  were  said  to  cut  the  expos- 

ure time  by  a  factor  of  100.  It  is 
believed  to  be  the  first  time  that 
an  interplanetary  vehicle  has  been 
photographed  in  flight. 

Although  the  Soviets  plan  to 
transmit  the  photos  of  Mars  to 
Earth  by  radio,  a  comment  by  So- 

viet Academician  M.  Sissakian  indi- 
cates that  they  may  also  be  planning 

to  return  the  spacecraft  to  the  vicin- 
ity of  Earth.  This  procedure  was 

used  with  the  Soviet's  Lunik  vehicle, 
which  obtained  photos  of  the  back 
side  of  the  moon. 

The  earliest  U.S.  Mars  shot  is 
planned  for  the  next  "launch  win- 

dow" in  1964. 

Boeing  Union  Shop  Vote  Set 
The  White  House  announced  last 

week  that  the  International  Assn. 
of  Machinists  has  given  Boeing  Co. 

a  no-strike  pledge  until  Jan.  15. 
Before  then  the  National  Labor  Re- 

lations Board  will  poll  Boeing  em- 
ployees on  the  question  of  a  union shop. 

Boeing  has  agreed  to  the  poll 
with  the  understanding  that  it  will 
not  be  bound  by  the  results. 

The  President's  three-man  Aero- 
space Board  will  make  no  recommen- 

dations on  the  dispute  until  the  vote 
results  are  known,  and  its  recom- 

mendations will  have  no  weight 
under  existing  law.  However,  the 
Administration  is  expected  to  apply 
whatever  pressures  it  can  to  back 
up  the  committee's  suggestions. 

Ryan  Aeronautical  Co.  employees 
recently  followed  others  at  North 
American  and  General  Dynamics  in 
voting  down  the  union  shop.  While 
a  two-thirds  vote  was  needed  to 
establish  the  shop,  only  60.4%  fa- 

vored the  plan. 
This  was  a  blow  to  union  officials, 

as  over  70%  of  Ryan's  employees 
were  already  union  members. 

Shots  of  the  Week 
A  Nike-Hercules  rocket  carried 

a  low-yield  (less  than  20  kt)  nuclear 
device  to  an  altitude  of  20-30  miles 
over  Johnston  Island  Nov.  4,  closing 
the  U.S.  nuclear  test  series  in  the 
Pacific.  It  was  the  36th  atmospheric 
or  high-altitude  test  conducted  by 
the  U.S.  since  the  test  program  be- 

gan April  25. 
Highly  significant  results  were 

reportedly  gained  from  the  "Domi- 

nic" series,  particularly  in  the 
areas  of  more  efficient  and  radical 
warhead  designs,  improved  yield- 
to-weight  ratios,  ballistic  misssile 
defense,  ballistic  missile  penetration 
of  enemy  defenses  and  disruption  of 
electromagnetic  defenses  by  nuclear 
detonations. 

•  Mars  I  was  successfully 
launched  by  the  Soviet  Union,  Nov. 
2  (see  story,  this  page). 

•  A  second  successful  field  firing 
of  the  solid-fueled  Sergeant  from 
White  Sands  Missile  Range  Nov.  2 
was  announced  by  the  Army. 

•  The  16th  Operation  Firefly 
high-altitude  rocket  was  successfully 
launched  from  Eglin  AFB,  Fla.,  Nov. 
5.  Using  a  Nike-Cajun  rocket,  the 
Firefly  experiment  created  an  arti- 

ficial cloud  at  an  altitude  of  50  miles. 
•  Polaris  A-3  failed  30  sec.  after 

its  launch  from  a  land  pad  at  Cape 
Canaveral,  Nov.  5.  The  failure  was 
attributed  to  a  booster  malfunction. 
It  was  the  fourth  test  of  the 
advanced  Polaris.  Three  previous 

tests  were  "partially  successful." 
•  The  Air  Force  attempted  to 

launch  a  secret  satellite  into  Polar 
orbit  from  Vandenberg  AFB,  Calif., 
Nov.  6.  A  Thor-Agena  was  used.  No 
further  details  were  released. 

•  The  150th  Atlas  to  be  fired 
was  launched  from  Cape  Canaveral, 
Nov.  7,  more  than  4000  miles  down 
the  Atlantic  Missile  Range.  The 
Atlas,  an  "F"  model,  was  launched 
by  an  Air  Force  crew  in  a  test  of  its 
systems,  subsystems  and  accuracy. 
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NASA  Reprograms  Funds 

NASA  has  advised  Congress  of 
plans  to  reprogram  $10,426,000  in 
FY  '63  funds  to  begin  construction of  facilities  at  White  Sands  Missile 
Range,  N.M. 

A  major  NASA  expansion,  the 
facilities  will  provide  a  needed  land 
recovery  area  for  flight  testing  the 
Gemini  and  Apollo  spacecraft.  An 
additional  $375,000  from  advance 
facilities  planning  and  design  funds 
is  already  available  in  the  FY  '63 
budget  for  the  WSMR  facilities. 

In  a  letter  to  the  House  Space 
Committee,  NASA  Administrator 
James  E.  Webb  said  that  $1,717,000 
was  needed  to  construct  a  launch 
complex  for  the  Little  Joe  II  test 
vehicles  to  be  used  in  ballistic  tests 
of  the  Apollo  spacecraft. 

The  remaining  $9,084,000  of  the 
reprogramed  funds  are  to  provide 
for  site  development  and  utilities, 
a  spacecraft  preparation  building, 
spacecraft  test  stands,  fuel  storage, 
transfer  and  control  facilities,  proj- 

ect control  facilities,  instrumenta- 
tion and  design  and  engineering. 

In  another  reprograming  action, 
NASA  told  Congress  an  additional 
$7,655,000  was  needed  to  support 
work  by  North  American  Aviation's 
Downey,  Calif,  plant.  The  money  is 
earmarked  for  construction  of  a  sys- 

tems integration  and  checkout  build- 
ing, a  space  systems  development 

facility,  production,  fabrication  test 
and  other  equipment.  NASA  had 
previously  reprogramed  $2.3  million 
for  these  facilities. 

Gemini  Tracking  Modified 

NASA  has  awarded  contracts 
totaling  $12  million  to  four  firms 

for  modifying  the  space  agency's 
Project  Gemini  tracking  network. 

The  four  contracts  will  provide 
various  world-wide  NASA  stations, 
tracking  acquisition  aids  and  dig- 

ital radio  frequency  (RF)  command 
systems. 

Equipment  and  services  to  be 
provided  are: 

•  Tracking  antenna  acquisition 
aid  systems:  Canoga  Electronics 
Corp.,  Van  Nuys,  Calif.,  $1,045,500. 

•  Digital  command  encoders.  Ra- 
diation, Inc.,  Melbourne,  Fla., 

$1,950,000. 

•  RF  command  systems:  Collins 
Radio  Corp.,  Dallas,  $1,725,000. 

•  PCM  systems:  Electro  Me- 
chanical Research  Corp.,  Sarasota, 

Fla.,  $7,376,379. 
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Lunar  orbit  prevails  .  .  . 

Grumman  Gets  LEM  Contract 

Apollo  spacecraft  team  now  complete;  RCA,  Rocketdyne 

reportedly  in  line  for  ma\or  subcontracts  on  module 

by  Hal  Taylor 

LEM  CONFIGURATION  is  indicated  in  this  UTC  artist's  conception  of  module  blasting 
off  from  Moon  using  UTC  aeration  throttling  (see  p.  31). 

NASA  HAS  FINALLY  given  the 
go-ahead  to  its  Manned  Lunar  Landing 
program  with  selection  of  Grumman 
Aircraft  Engineering  Corp.  to  build  the 
Lunar  Excursion  Module  of  the  Apollo 
spacecraft. 

Under  terms  of  the  contract,  Grum- 
man will  build  25  of  the  two-man 

spacecraft,  which  will  land  the  first  U.  S. 
astronauts  on  the  Moon. 

Ten  or  twelve  will  be  flight  vehicles 
with  the  remainder  ground  test  models. 

NASA  officially  estimated  the  value 
of  the  contract  at  about  $350  million. 

This  was  based  on  Grumman's  proposal 
to  build  18  spacecraft.  The  addition  of 
seven  vehicles  by  NASA  is  expected, 
according  to  well  informed  sources,  to 
bring  the  cost  to  close  to  $600  million. 

Grumman's  work  on  LEM  will  be 
performed  at  its  Bethpage,  N.  Y.,  plant. 
NASA  estimates  that  during  the  peak 
period  2500  to  3000  people  will  be  em- 

ployed. Some  1500  will  be  engineers. 
Informed  sources  report  that  Grum- 

man has  already  selected  two  of  its 
major  contractors.  RCA-Princeton  will 
build  the  guidance  and  control,  and  the 
power  system  of  the  spacecraft.  The 
Rocketdyne  Division  of  North  Amer- 

ican Aviation  Inc.  reportedly  will  de- 
velop the  spacecraft's  propulsion  unit. Nine  firms  submitted  bids  for  the 

LEM  contract.  In  addition  to  Grum- 
man, they  included  Lockheed  Aircraft 

Corp.,  Boeing  Co.,  Ling-Temco-V ought, 
Inc.,  Northrop  Corp.,  Douglas  Aircraft 
Co.,  General  Dynamics,  Republic  Avia- 

tion Corp.  and  Martin  Marietta  Corp. 
Selection  of  Grumman  completes  the 

Apollo  spacecraft's  contractor  team. 
North  American  Aviation  Inc.'s  Space 
and  Information  Systems  Division  was 
named  last  November  to  develop  the 
Command  and  Service  modules. 

The  selection  also  settles  a  dispute 
within  the  Kennedy  Administration  on 
the  method  to  be  used  to  achieve  the 
first  manned  lunar  landing.  NASA  an- 

nounced its  decision  to  utilize  orbit  ren- 
dezvous in  July,  1962. 

The  space  agency  continued  to  study 
alternate  methods,  including  Earth  orbit 
rendezvous  and  direct  flight  with  a 
two-man  spacecraft,  while  it  evaluated 

the  LEM  bids.  Although  NASA  re- 
mained firmly  committed  to  LOR,  it 

had  to  convince  White  House  Science 
Advisor  Jerome  Wiesner  and  other  of- 

ficials within  the  Administration  of  its 
feasibility. 

•  Design  shape  —  NASA  officials 
said  that  LEM  will  look  something  like 
the  cab  of  a  two-man  helicopter.  It  will 
be  10  ft.  in  diameter  and  will  stand 
about  10  ft.  high  with  its  skid  type  legs. 

Ad  Astra  Per  .  . . 

GRUMMAN'S  victory  in  the 
LEM  competition  climaxed  a  three- 
year,  $2-million  drive  to  gain  a  spot 
in  the  lunar  program. 

The  success  grew  out  of  the  com- 
pany's failure  to  win  the  initial  Apollo contract.  When  that  award  was  lost 

after  an  extended  company-funded 
effort,  Grumman  decided  to  push 
ahead  with  its  LEM  proposal. 

The  LEM  team  under  direction 
of  Joseph  Gavin,  director  of  space 
projects,  included:  Robert  S.  Mul- 
laney,  program  manager;  William  C. 
Rathke,  engineering  manager;  and 
Thomas  J.  Kelly,  project  engineer. 

During  the  trip  to  the  Moon,  it  will 
weigh  about  1 2  tons.  Weight  after  launch 
from  the  Moon  will  be  about  4  tons. 

While  final  design  has  not  been  com- 
pleted, NASA  said  that  on-board  LEM 

instrumentation  will  parallel  that  of  the 
command  module  as  much  as  possible. 
This  is  based  on  safety  and  redundancy 
requirements. 

Development  of  the  propulsion  sys- 
tem will  be  one  of  the  most  difficult 

technical  jobs  involved  in  the  LEM  con- 
tract. The  system's  two  engines  will 

burn  storable  hypergolic  fuel  with  a 
burning  time  of  eight  to  ten  minutes 
for  each.  The  lunar  touchdown  engine 
will  be  throttleable  over  a  thrust  range 
of  1000  to  10,000  lbs.  The  lunar  take- 

off engine  will  have  4000  lbs.  thrust. 
LEM  will  detach  from  the  three- 

man  Apollo  spacecraft's  command  and service  modules  while  in  lunar  orbit. 
One  astronaut  will  remain  in  orbit  in 
the  command  and  service  modules  with 
two  pilots  riding  LEM  down  to  the 
lunar  surface.  After  launch  from  the 
lunar  surface,  LEM  will  dock  with  the 
orbiting  modules.  For  the  return  trip, 
the  three-man  crew  will  return  in  the 
command  module,  using  the  service 
module  propulsion,  leaving  LEM  in 
lunar  orbit.  8 
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Dixon  discloses  . . . 

Nova  Will  Need  Huge  Liquid  Engine 

NASA  official  also  declares  schedule  now  requires 

development  and  flight-test  of  fluorine  space  engine 

NASA  is  seriously  considering  de- 
velopment of  a  new  liquid  engine  with 

thrust  of  20  to  30  million  lbs.  for  the 
Nova  superbooster. 

Deputy  Associate  Administrator 
Thomas  F.  Dixon  reports  that  the  space 
agency  will  launch  conceptual  studies 
of  the  big  rocket  engine  in  the  near 
future. 

Dixon  told  a  joint  Army-Air  Force- 
Navy-NASA-ARPA  Liquid  Propulsion 
Symposium  in  San  Francisco  that  Nova 
will  very  likely  require  a  much  larger 
liquid  rocket  engine  than  the  F-l. 

"The  first  stage  of  Nova,  in  one  of 
several  configurations  now  under  study, 
requires  one  new  liquid  rocket  engine 
with  a  thrust  of  about  20  to  30  million 

lbs.,"  Dixon  said.  "An  engine  of  this 
size  calls  for  some  departure  from  the 
present  engine  configurations,  particu- 

larly with  regard  to  the  thrust  chamber. 
"Nova  is  not  the  end  of  the  road 

for  large  chemical  rocket  boosters,"  he 
told  the  liquid  propulsion  experts. 
"There  are  even  larger  engines  under 
consideration  by  advance  planners." 

In  other  major  points,  Dixon  told 
the  group  that: 

—It  is  time  to  develop  and  flight-test 
an  engine  which  will  use  fluorine  in 
space  missions. 

—Five  problem  areas  confront  the 
liquid  propulsion  industry — damaging 
combustion  oscillations,  the  suitable  use 
of  hydrogen  as  a  fuel,  propulsion  opera- 

tion in  the  space  environment,  use  of 
ablative  materials  for  the  thrust  cham- 

ber, and  thrust  control. 
•  Choice  of  three — It  is  understood 

that  the  large  engine  is  one  of  three 
possible  configurations  for  the  Nova  first 
stage  which  are  being  considered  by 
NASA  and  its  industrial  study  con- 

tractors, Martin  Marietta  Corp.  and 
General  Dynamics/ Astronautics. 

The  other  possibilities  are  the  mat- 
ing of  12  F-l  liquid  oxygen  engines  or 

four  260-in.  solid  motors.  The  F-l  is 
already  in  an  advanced  development 
stage,  but  work  on  the  big  solid  motor 
has  not  been  initiated  by  Dept.  of  De- 
fense. 

Dixon  told  the  group  that  it  takes 
8  to  10  years  to  bring  a  large  rocket 
engine  from  concept  to  flight  readiness 
in  a  large  booster  for  manned  flight.  A 

number  of  research  projects  are  already 
under  way  in  NASA's  propulsion  pro- 

gram, and  are  making  progress. 
"These  studies  will  assess  current 

work  on  advanced  propulsion  concepts 
and  point  out  areas  where  new  concepts 
need  to  be  investigated,"  he  added. 

Dixon  pointed  out  that  studies  for 
the  super-rocket  engine  concept  must  be 
undertaken  if  the  "man-rated"  engine  is 
to  be  ready  within  the  long  lead-time  re- 

quired. He  said  many  months  of  inten- 
sive research  are  required  before  devel- 

opment could  be  possible. 
Radical  new  designs  are  required  for 

engines  in  the  20-to-30-million-lb.  class. 
Scaled  up  to  produce  that  thrust,  the 
F-l  engine — the  largest  now  under  de- 

velopment— would  measure  almost  70 
ft.  high  and  45  ft.  across  the  nozzle. 

More  compact  engines  of  this  thrust 
level  could  result  from  new  thrust  cham- 

ber and  nozzle  configurations  now  under 
study.  These  nozzle  concepts  utilize 
principles  that  expand  the  gas  with  much 

more  compact  nozzle  shapes  than  the 
conventional  cones  or  bells. 

Turning  to  the  fluorine  engine,  the 
NASA  official  said  future  missions  will 
require  propulsion  systems  delivering 
high  velocity  and  high  performance. 

"For  these,  fluorine  as  an  oxidizer  is 
of  interest  in  chemical  propulsion  sys- 

tems. We  must  discover  new  high- 
energy  propellant  combinations,  beyond 
hydrogen  fluorine,  diborane,  oxygen, 
difluoride,  and  beryllium-oxygen-hydro- 

gen." 

He  said  the  problem  is  to  identify 
promising  combinations,  determine  their 
physical  and  chemical  properties,  calcu- 

late their  performance  and  experimen- 
tally determine  their  combustion,  heat- 

transfer  and  expansion  characteristics. 
"What  remains  to  be  done  with  this 

combination  is  to  build  and  fly  an  ex- 
perimental engine  that  will  demonstrate 

the  feasibility  of  using  fluorine  in  space 
missions.  We  are  hopeful  that  this  can 
be  done,"  he  said.  tt 

Apollo  Crews  To  Have  Minimal  Shielding 

Gatlinburg,  Tenn. — Apollo  as- 
tronauts will  venture  to  the  Moon 

with  little  more  radiation  protection 
than  that  provided  by  the  hull  of 
their  space  ship. 

The  men  will  have  special  protec- 
tion only  for  their  eyes.  Neither  the 

Lunar  Excursion  Module  nor  the 
Apollo  spacecraft  will  carry  special 
shielding,  according  to  William  L. 
Gill  of  NASA's  Manned  Spacecraft Center. 

Gill,  chief  of  MSC's  crew  systems 
division  radiation  branch,  gave  this 
forecast  to  500  scientists  gathered 
here  for  a  symposium  on  protection 
against  radiation  hazards  in  space. 
He  also  revealed  radiation  dose  rates 
that  were  higher  than  expected. 

Astronauts  will  be  allowed  yearly 
dose  rates  of  233  rads  on  the  skin, 
54  to  blood-forming  organs,  599  to 
the  feet,  ankles,  and  hands,  and  27  to 
the  eyes. 

Maximum  single  radiations:  skin, 
500;  blood  organs,  200;  feet,  ankles, 
hands,  700;  eyes,  100. 

Gill  said  the  dose  rates  would  be 
controversial,  but  declared  they  were 

worked  out  with  Oak  Ridge  National Laboratory. 

The  walls  of  the  A  polio  spaceship 
will  provide  most  of  the  shielding. 
The  honeycomb  sandwich  of  alumi- 

num will  have  a  mass  of  1.5  grams 
per  square  centimeter,  as  recom- 

mended this  week  by  North  Ameri- 
can Aviation.  Gill  said  this  would  be 

close  to  the  minimum  shielding  and 
probably  would  be  increased.  No 
special  glass  or  plastic  will  be  used 
on  the  windows,  he  said,  but  devices 
to  provide  local  shielding  for  the 
eyes  will  be  worn  by  the  crewmen. 

Gill  said  studies  of  the  last  solar 
cycle  indicated  the  peak  radiation 
encountered  by  a  Moon-bound  space- 

craft would  be  about  1092  or  10102 
particles  of  energies  more  than  20 
million  electron  volts.  Below  this  en- 

ergy level,  Gill  said,  NASA  was  not 
worried  about  the  radiation  penetra- 

tion of  the  spacecraft. 
Much  testing  remains  to  be  done, 

he  said,  on  locating  equipment  around 
the  Apollo  spacecraft  to  derive  maxi- 

mum shielding  from  the  spacecraft 
instruments. 
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Preliminary  studies  .  .  . 

NASA  Missions  Through  1980  Outlined 

Mars  station,  manned  Jupiter  and  Mercury  satellites 

seen  if  budget  allows,  Hyatt  tells  Chicago  meeting 

A  TOP  space  agency  planner  has 
detailed  possible  future  NASA  space 
missions  through  1980 — including  a 
Mars  station  and  manned  satellites  or- 

biting Jupiter  and  Mercury. 

Abraham  Hyatt,  director  of  NASA's 
Office  of  Plans  and  Program  Evaluation, 
emphasized  that  all  of  NASA's  planned 
manned  missions  beyond  1968  are  only 
in  the  preliminary  analytic  study  phase. 

He  said  the  speed  with  which  they 
are  attempted  will  depend  upon  budge- 

tary limitations  and  the  time  and  energy 
barriers  of  space. 

Among  the  possible  post- A  polio  mis- 
sions, Hyatt  listed  manned  orbiting  labs, 

an  operational  ferry  vehicle,  recoverable 
boosters,  a  lunar  station,  manned  Mars 
expeditions,  a  Venus  reconnaissance 
and  the  search  for  life  on  the  planets. 

The  breakdown  of  what  may  be 

NASA's  space  programs  of  the  future 
was  delivered  by  Hyatt  to  the  NASA- 
University  Conference  on  the  Science 
and  Technology  of  Space  Explorations, 
held  in  Chicago. 

Representatives  of  more  than  300 

universities  heard  a  host  of  NASA 
scientists  and  officials  report  on  all 
aspects  of  space  agency  research  and 
development  activity. 

Homer  E.  Newell,  director  of  the 
Office  of  Space  Sciences,  made  a  plea 
for  a  scientific  exploration  program  uti- 

lizing unmanned  satellites. 

Newell's  statement  is  especially  im- 
portant because  of  the  tug  of  war  over 

budgetary  funds  going  on  between 
NASA's  manned  space  flight  and  un- 

manned scientific  exploration  programs. 

Rejecting  any  tailoring  of  the  scien- 
tific program  to  the  needs  of  Project 

Apollo,  Newell  declared  that  the  engi- 
neer searching  for  data  needs  a  broad, 

well  balanced  space  sciences  program. 

•  Budget  breakdown — NASA's  Di- 
rector of  Administration  Albert  F.  Sie- 

pert  reported  that  the  agency's  Fiscal 
'63  R&D  budget  of  nearly  $3  billion 
will  include  $1,088  billion  for  launch 
vehicles,  $1,190  billion  for  spacecraft, 
$135  milllion  for  tracking  and  data 
acquisition,  and  $528  million  for  R&D 

SOME  SPACE  EXPLORATION  POSSIBILITIES 
MISSIONS REGION 

EARTH  ORBITS LUNAR 
I95B 1962-68 
UNMANNED  SATELLITES LUNAR  PROBES 
SCIENTIFIC  SATELLITES RANGER 
Small  Special  Purposes Surveyor 
Small  Orbiting  Observa- 

UNMANNED APPLICATION  SATELLITES 
Communication Meteorology Intermediate 
Navigation Space  Probes Engineering  Research 

MANNED Before  1970 
DEVELOPMENTAL MANNED  SATELLITES MANNED  LANDING 

BALLISTIC  RE-ENTRY Mercury Apollo Gemini Lunar  Logistic  System 
Maneuvring  Re-entry  In- terim Orbital  Labs 

MANNED AFTER  1968 AFTER  1970 
OPERATIONAL ORBITAL  OPERATIONS LUNAR  STATION 

MANNED  ORBITING  LABS. 
Operational  Ferry  Vehicle Scientific  Observations 
Recoverable  Boosters Lunar  Explorations 
Engineering  Experiment and  Development 
NO  AUTHORIZED NO  AUTHORIZED 
PROGRAMS  YET PROGRAMS  YET 

PLANETARY 1962 

DEEP  SPACE  PROBES MARINER 
Voyager 
Search  for  Extraterrestrial  Life 
Out  of  Ecliptic 
Gravitational  Experiment 
Outer  Planets  and  their Satellites 
Leave  Solar  System 
After  1975 
MANNED  EXPEDITIONS Mars  Landing 
Venus  Reconnaissance 
Search  for  life  on  planets 
NO  AUTHORIZED PROGRAMS  YET 

AFTER  1980 PLANETARY  OPERATIONS 
Mars  Station Advanced  Manned  Exp. 
Jupiter  Satellites Mercury 
Others 
NO  AUTHORIZED 
PROGRAMS  YET 

RECENTLY-RELEASED  NASA  table  of  projected  missions  through  1980. 

activities  of  NASA  personnel  and  cen- ters. 

The  office  of  space  sciences  is  ear- 
marked for  $601  million,  including  $198 

million  for  scientific  satellites  and  re- 
search, $232  million  for  lunar  and 

planetary  unmanned  spacecraft,  $125 
million  for  launch  vehicles  and  $48  mil- 

lion for  advanced  technology. 
In  the  field  of  applications,  $64  mil- 

lion will  be  spent  on  meteorological 
satellites  and  $48  million  for  communi- 

cations satellites. 

•  Conical  approach — Interplanetary 
spacecraft  should  be  shaped  like  a  large- 
angle  cone  and  enter  the  atmosphere 
point  first,  said  H.  Julian  Allen,  assist- 

ant director  of  the  Ames  Research  Cen- 
ter and  originator  of  the  blunt  end  first 

re-entry  shape  of  Projects  Mercury  and Gemini. 

Allen  told  the  educators  that  "coni- cal bodies  deserve  consideration  because 
radiation  heating  increases  drastically 
at  the  entry  speeds  involved  in  planetary 

travel." 

The  conference  also  heard: 
•  A  prediction  that  in  the  years 

ahead,  half  of  the  materials  used  in 
every  space  vehicle  will  be  non-metallic. 
Dr.  George  F.  Pezdirtz  also  cited  grow- 

ing interest  in  the  use  of  polymers  for 
spacecraft  materials. 

•  A  report  that  NASA  support  of 
universities  will  more  than  double  in 
Fiscal  1963,  jumping  to  $80  to  $100 
million  compared  to  $40  million  in  Fis- 

cal 1962.  Included  in  the  current  fiscal 

year's  funding  is  $15  million  for  the 
training  grant  program,  $10  million  for 
research  facilities,  $5  million  for  special 
purpose  research  grants,  and  $40  to  $70 
million  for  project  research  in  univer- 
sities. 

•  A  proposal  that  Mars  be  made 
an  ecological  preserve  where  steps  are 
taken  to  protect  the  planet  from  unde- sirable contamination.  Mars  would  be 
investigated  in  such  a  manner  as  to 
protect  the  interests  and  needs  of  the 
biologists  who  wish  to  search  for  and 
study  any  living  forms  or  traces  of  life 
that  might  exist  there.  8 
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Brown ,  Rubel  speak  out .  .  . 

DOD  Defends  Centralized  Management 

by  Don  Zylstra 

TOP  PENTAGON  officials  charged 
both  industry  and  the  military  services 
last  week  with  failure  to  live  up  to  their 
responsibilities  in  program  management. 

This,  they  said,  is  a  major  reason 
behind  the  increasing  centralization  of 
authority  in  the  Dept.  of  Defense. 

Dr.  Harold  Brown,  Director  of  De- 
fense Research  and  Engineering,  asserted 

in  a  Missiles  and  Rockets  interview 
that  the  military  services  are  unable  to 
determine  which  programs  they  are 
willing  to  give  up  in  order  to  clear  the 
way  for  new  projects. 

At  the  same  time,  Brown's  principal 
deputy,  Asst.  Secretary  John  H.  Rubel, 
told  a  Washington  conference  that  in- 

creasing management  emphasis  and  all 
that  it  implies — cost  consciousness,  cost 
reduction,  better  programing,  better 
utilization  of  personnel — is  going  to 
continue  and  even  to  accelerate  within 
DOD. 

This  trend  toward  centralization 
Rubel  blamed  on  the  failure  of  the 
industry-government  team  to  produce 
useful  weapons  with  sensible  lead-times, 
optimum  use  of  personnel,  control  of 
design  changes  and  within  the  pro- 

gramed development  funds. 
•  Brown  voices  views  —  Although 

admitting  that  the  military  services  can- 
not be  expected  "to  be  critical  of  pro- 

grams already  started,  particularly  when 
new  things  they  want  seem  to  depend  on 
things  they  already  have  going,"  Brown 
pointed  out  that,  unless  there  is  a  will- 

ingness to  cancel  older  projects,  only 
a  very  limited  number  of  new  programs 
can  be  started. 

Once  the  decision  has  been  made  as 
to  what  is  important,  Brown  said,  funds 
can  be  made  available  through  repro- 
graming  or  other  actions  to  support  a 
new  program.  More  important  than 
funds,  however,  are  competent  people 
to  conduct  programs — and  they  are  usu- 

ally in  short  supply. 
Brown  also  emphasized  the  flexi- 

bility of  the  program  packaging  concept. 
Routine  practice,  in  both  the  present 
Administration  and  its  predecessor,  has 
shown  a  constant  stream  of  program 
changes  from  the  services.  In  fact, 
Brown  emphasized  that  between  10% 
and  15%  of  funds  allocated  for  force 
structure  hardware  and  R&D  may  be 
reprogramed  in  a  typical  fiscal  year. 

"The  main  value  of  a  five-year  pro- 
jection of  force  strengths  and  develop- 

ment needs  is  to  indicate  which  type 

of  things  may  be  competing  to  fulfill 
the  same  function,  which  types  of  hard- 

ware or  R&D  would  be  duplications. 
It  is  becoming  increasingly  important 
for  service  staffs  to  project  their  needs. 

"The  bigger  the  total  budget  for  an 
armed  service,  or  agency,  or  program, 
the  harder  it  is  to  justify  additions, 
rather  than  substitutions.  A  program  or 
agency  of  the  Defense  Department  with 
a  budget  of  only  a  relatively  few  thou- 

sand dollars  may  be  more  readily  justi- 
fied in  asking  for  a  doubling  or  other 

major  increase  in  its  budget  than  the 
one  in  which  millions  or  billions  are 
involved,"  Brown  asserted. 

"If,  for  instance,  there  were  a  pro- 
posal to  increase  R&D  funding  from 

$7  billion  to  $14  billion,  what  the  pro- 
ponents of  such  a  move  would  really 

be  saying  is  that  they  don't  know  what 
is  most  important,"  he  said. 

Noting  that  DDR&E  is  often  criti- 
cized for  prolonged  study  of  new  pro- 

posals, Brown  said  that  his  office  is 
often  as  concerned  about  beginning  de- 

velopment of  a  simple,  workable  weap- 
ons system  as  the  military  services. 
"The  allegation  is  that  we  may  thus 

produce  a  more  efficient  weapon  too 
late,"  he  noted,  "whereas  the  armed 
forces  would  be  happier  with  a  less 
perfect  weapon  sooner.  Often  quite  the 
reverse  is  the  case." 

Many  times  DDR&E  has  resisted 
the  military's  tendency  to  complicated 
systems  in  favor  of  something  more 
workable  than  can  be  deployed  sooner, 
Brown  said.  His  office  sometimes  has 
urged  the  adaptation  of  a  weapons  sys- 

tem to  a  change  in  function  or  mission 
— one  it  can  more  easily  perform — 
rather  than  to  design  prematurely  for 
a  more  sophisticated  function  with  less 
chance  of  success. 

•  Rubel  follows  boss — Four  of  the 

major  objectives  of  DOD — and  four  of 
its  major  problems  in  the  development 
of  weapons  systems — were  outlined  by 
Asst.  Secretary  Rubel.  They  are: 

—Development  of  weapons  and 
equipment  that  the  fighting  man  can  use. 

—Attainment  of  reasonable  lead- 
times. 

—Optimum  use  of  limited  scientific 
and  engineering  manpower  resources. 

—Effective  cost  controls  and  im- 
proved cost  forecasting  with  the  virtual 

elimination  of  cost  overruns. 
Cost  overruns — often  ranging  from 

300  to  1000  percent — have  made  it 
almost  impossible  to  plan  realistically 
and  with  confidence  for  the  future  allo- 

cation of  R&D  resources,  Rubel  said. 
Therefore  control  and  more  accurate 
prediction  of  costs  is  an  important  ob- 

jective in  DOD.  8 

Missile  B  Work  To  Be  Done  In  Detroit 

CHANCE  VOUGHT  Corp.,  a 
division  of  Ling-Temco-V ought,  Inc., 
has  been  awarded  an  estimated  $100- 
million  contract  for  the  development 
and  initial  production  of  Missile  B. 

Chance  Vought  Corp.,  a  division 
of  Ling-Temco-Vought,  Inc.,  was 
awarded  an  estimated  $  1 00-niillion 
contract  for  the  development  and 
initial  production  of  Missile  B. 

The  Army  announced  that  the 
Dallas  firm  would  perform  the  work 
in  the  Warren  Ordnance  Plant  near 
Detroit.  Chrysler  Corp.,  which  lost 
out  in  the  Missile  B  competition,  pre- 

viously had  occupied  the  2-million- 
sq.-ft.  plant. 

Chance  Vought  and  Chrysler 
were  selected  in  August  to  perform 
program  definition  studies  for  the 
mobile  missile  system.  These  were 
submitted  to  the  Army  Missile  Com- 

mand on  Oct.  22.  Selection  of  Chance 
Vought  was  announced  10  days  later. 

•  Guidance  concept  new — Mis- 
sile B  will  give  the  Army  a  material 

increase  in  both  the  range  and  ac- 
curacy of  Honest  John  and  Lacrosse 

— the  two  systems  it  is  to  replace. 
The  primary  contributor  to  this  in- 

creased accuracy  is  the  Automet 
guidance  system,  which  is  described 
by  the  Army  as  a  "radical  simplifi- 

cation" of  previous  guidance. 
Automet  requires  substantially 

fewer  parts  than  present  guidance 
systems  and  is  more  closely  inte- 

grated with  propulsion — resulting  in 
a  lower-cost,  more  reliable,  more 
maintainable  and  more  rugged 
missile  (M/R,  Aug.  20,  p.  18). 

•  Development  plans — The  de- 
velopment of  Missile  B  is  expected 

to  take  four  years  with  the  first 
unit  being  operational  in  late  1966. 
Production  plans  are  classified,  but 
estimates  have  been  made  that  as 
many  as  1500  will  be  made. 
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At  NEREM  meeting  .  .  . 

IR  Touted  for  Equipment  Evaluation 

Fifteen  firms  at  work  on  exploiting  promise 

of  technique  for  improving  design,  cutting  failures 
by  Mike  Getler 

Boston — Interest  is  growing  stead- 
ily in  the  application  of  infrared  tech- 

niques to  a  wide  range  of  reliability  and 
process  control  programs. 

In  a  paper  presented  here  last 
week  at  the  16th  Northeast  Electron- 

ics Research  and  Engineering  Meeting 
(NEREM),  Dr.  Riccardo  Vanzetti,  qual- 

ity assurance  manager  with  Raytheon's communications  and  data  processing 
operation,  predicted  that  IR  test  meth- 

ods would  improve  equipment  design, 
reduce  failure  rates,  allow  prediction  of 
component  failures  within  a  system, 
and  lead  to  a  rapid  and  fully  automated 
system  check-out  process.  In  essence, 
he  said,  IR  may  add  a  new  dimension 
to  electronic  equipment  evaluation. 

Vanzetti  is  also  technical  director  of 
a  newly  formed  industry  group,  com- 

posed of  15  major  aerospace  and  elec- 
tronics firms,  charged  with  developing 

both  a  broad  technical  base  in  this  field 
and  a  detailed  applications  program  for 
specific  needs. 

•  NEREM  '62 — Nearly  20,000  at- 
tendees were  expected  at  this  year's NEREM;  however,  registrations  during 

the  first  two  days  of  the  3-day  meeting 
showed  that  early  estimates  were  overly 
optimistic.  Several  NEREM  officials  felt 

that  high  interest  in  last  week's  national election  had  a  marked  effect  on  con- 
ference participation. 

Over  325  exhibitors  jammed  Bos- 
ton's Commonwealth  Armory.  Typical 

of  past  NEREM  shows,  exhibits  were 
dominated  by  small  components  and 
test  equipment,  reflecting  New  Eng- 

land's growing  interest  in,  and  diversity of,  electronic  manufacturing.  In  the  25 
well  attended  technical  sessions,  held  at 
the  Armory  and  at  The  Somerset  hotel, 
over  100  papers  were  delivered. 

•  IR  approach  promising — Though 
a  few  firms  have  already  made  indi- 

vidual attempts  at  using  IR  in  evaluation 
of  equipment,  there  is  now  a  new  and 
concerted  effort  supported  by  more  than 
a  dozen  firms  to  greatly  expand  what  is 
generally  considered  to  be  a  highly 
promising  approach  to  electronic  com- 

ponent and  systems  reliability. 
Essentially,  the  approach  utilizes  the 

correlations  between  component  heat 
dissipation,  the  associated  IR  radiation 
level,  and  current  flow  through  the  unit. 
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Though  many  of  the  correlations  reflect 
basic  physical  laws,  many  variables  re- 

cently observed  in  tests  are  not  yet 
completely  understood. 

Using  IR  radiometers  and  other  IR 
sensing  equipment,  there  is  no  physical 
contact  between  the  test  equipment  and 
the  component  being  tested.  Therein 
lies  what  should  prove  to  be  a  major 
advantage  for  IR  systems  over  more 
conventional  ammeter  and  wattmeter 
devices.  IR  advocates  claim  these  con- 

ventional test  methods  tend  to  introduce 
unwanted  loads,  disturb  electrical  or 
thermal  operating  equilibrium,  and  are 
often  difficult  to  connect  with  extremely 
small  or  inaccessible  circuit  components. 
The  latter  problem  could  become  espe- 

cially acute  with  the  introduction  of 
more  thin-film  and  microminiaturized 
circuitry. 

As  an  example,  NASA  is  reportedly 
interested  in  development  of  an  IR  mi- 

croscope to  read  thin-film  circuit  cur- 
rent. The  space  agency  is  also  said 

to  be  interested  in  extremely  high  reli- 
ability non-destructive  IR  test  equip- 

ment to  check  welded  or  soldered 
circuit  connections. 

Vanzetti  estimates  that  within  a  year 
test  results  will  bring  an  acknowledge- 

ment that  these  IR  techniques  are  suc- 
cessful in  weeding  out  a  wide  range  of 

electronic  failures. 

Sperry  Claims  Laser  Gain 

Scientists  at  Sperry-Rand's  elec- tronic tube  division  are  claiming  a 
major  advance  in  laser  technology 
has  been  achieved  with  development 
of  a  system  which  will  allow  single- 
frequency  outputs  and  beam  angles 
of  1/200  of  a  degree  from  any  laser. 

Though  they  have  not  yet  achieved 
this  single-frequency  output,  scien- 

tists report  they  have  reduced  the 
number  of  frequencies  from  200  to 

four  and  hope  "in  the  near  future" 
to  reach  the  single-frequency  goal. 
To  get  the  desired  oscillation,  en- 

gineers installed  a  small  disc-shaped 
frequency  filter,  called  a  Fabry-Perot 
etalon,  between  the  ruby  and  one  of 
the  transparent  output  mirrors  of  an 
experimental  laser  at  the  laboratory. 

•  New  needs — Though  major  gains 
have  been  made  in  recent  years  on  IR 
measurement  and  detection  equipment, 
Vanzetti  feels  new  equipment  will  be 
needed — simpler  and  less  bulky,  with 
perhaps  even  less  sensitivity  than  some 
of  the  units  now  available. 

New  IR  sensing  and  recording  equip- 
ment, with  fast  time  responses,  able  to 

read  in  the  7-10  micron  bandpass  and 
also  able  to  measure  the  recombination 
IR  energy  in  the  2-micron  region,  will 
be  required.  Rapid  scanning  equipment 
will  be  needed.  Sensitivities  of  at  least 

0.01  °C,  already  within  the  state  of  the 
art,  will  be  required. 

Vanzetti  reports  that  widespread  ac- 
ceptance of  these  methods  also  will  lead 

to  new  component  product  lines,  par- 
ticularly in  the  development  of  IR  trans- 

parent semiconductor  encapsulation  to 
allow  reading  of  the  thermal  effects  at 
the  semicon  junction,  considered  to  be 
a  key  factor  in  the  life  span  of  these devices. 

In  an  extensive  test  series  now  going 
on  at  Raytheon,  using  Barnes  Engineer- 

ing Co.  radiometers,  Vanzetti  reports 
radiometer/ recorder  measurements  on 
a  string  of  2-watt  resistors  indicates 
10-15  milliwatts  difference  in  heat  dis- 

sipation can  be  identified.  He  estimates 
sensitivities  to  1  milliwatt  may  be 

possible. In  tests  with  epoxy-covered  diodes, 
differences  have  been  measured  to  0.012 
milliwatt,  which  Vanzetti  claims  is  far 
beyond  early  expectations. 

Though  it  is  still  in  the  early  stages, 
Vanzetti  theorizes  that  development  of 
an  IR  characteristic  pattern  for  com- 

ponents could  be  accomplished.  With 
all  failure  patterns  simulated  and  stored 
in  a  memory,  faults  could  be  quickly 
isolated  in  a  completely  automated  rapid 
systems  test.  He  also  feels  the  IR  pic- 

ture may  replace  the  schematic  in  the 
failure,  allowing  technicians  to  take  and 
compare  an  IR  photo  of  a  troubled  unit 
with  one  showing  the  pattern  of  a  cor- 

rectly operating  unit. 
Leonard  L.  Fagin,  quality  control 

manager  at  Barnes  Engineering  Co.,  a 
leader  in  development  of  IR  devices, 
also  stressed  the  importance  of  the  tech- 

niques at  the  Chemtronics  conference 
in  New  York  earlier  this  month.        tt  \ 
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Other  uses  possible  .  .  . 

Laser  Tracking  To  Get  Boost  in  S-66 

Goddard-developed  experiment  with  GE  reflector 
slated  for  early  launch;  novel  acquisition  system  used 

A  GIANT  STEP  toward  a  laser- 
tracking  system  for  spacecraft  may 
come  from  an  experiment  on  board  the 
S-66  Polar  Beacon  Ionosphere  Satellite 
scheduled  for  launch  early  next  year. 

Data  from  the  experiment  could 
yield  a  means  vastly  more  accurate  than 
Minitrack  for  determining  trajectories 
and  orbits.  Only  passive  assistance  is 
required  from  the  tracked  spacecraft. 

Originators  of  the  laser  experiment 
— Dr.  Henry  H.  Plotkin  and  his  assist- 

ant Thomas  S.  Johnson,  scientists  at 

NASA's  Goddard  Space  Flight  Center — 
gave  the  first  technical  details  of  their 
work  Nov.  8  at  the  Ohio  State  Uni- 

versity Symposium  on  lasers  and  appli- 
cations. 

Earlier,  Johnson  told  Missiles  and 
Rockets  the  experiment  may  have  ap- 

plications extending  beyond  the  track- 
ing concept — possibly  leading  to  very- 

wide-band  communications. 
•  Concept — For  the  experiment,  a 

pulsed  ruby  laser  mounted  on  a  track- 
ing telescope  will  be  aimed  at  the  S-66 

(M/R,  Aug.  6,  p.  22).  The  light  re- 
flected by  corner  reflectors  on  the  satel- 

lite will  be  detected  by  a  photomultiplier 
tube  or  other  sensor.  The  detected  sig- 

nal will  then  be  used  for  ranging  pur- 

poses or  to  generate  servo-drive  error 
signals. 

The  optical  reflector  is  described  as 
composed  of  a  mosaic  made  of  cubed 
corners  of  fused  silica,  each  about  one 
in.  across.  The  light  incident  on  the 
satellite  will  be  reflected  with  a  diver- 

gence of  10-4  radians.  The  reflector 
assembly  is  being  fabricated  for  God- 

dard by  General  Electric-MSVD,  which 
is  to  supply  a  prototype  ground  trans- mitter and  sensor. 

To  measure  the  time  of  flight,  a 
pulse  from  the  laser  transmitter  is  used 
to  trigger  a  delayed  sweep  and  the  re- 

ceived pulse  is  displayed  on  a  scope. 
The  known  sweep  delay  plus  the  posi- 

tion of  the  pip  gives  the  time  interval. 
In  a  discussion  of  the  order-of-mag- 

nitude  of  the  signal,  Plotkin  and  John- 
son assumed:  pulse  energy,  1  joule; 

atmospheric  transmission,  0.8;  reflector 
efficiency,  0.5;  reflector  effective  area, 
200  cm2;  telescope  aperture  500  cm2; 
transmitter  bandwidth,  1  milliradian; 
reflector  divergence,  0.1  milliradian;  and 
range,  1500  km. 

The  resulting  signal,  they  say,  should 
be  more  than  adequate  for  photoelectric 
detection  at  night,  and  perhaps  usable 
even  in  daylight.  "We  are  hopeful  that 

a  photographic  picture  can  be  recorded 
of  the  reflected  flashes  against  a  star 
background  by  increasing  the  laser  pulse 
power  and  using  a  larger-aperture  bal- 

listic camera." The  authors  pointed  out  that  the 
most  difficult  feature  of  this  exercise 
will  be  acquiring  the  target  within  the 
milliradian  laser  beam  width.  To  help 
solve  this  problem,  they  are  developing 
a  unique  system:  as  before,  the  laser 
is  mounted  on  a  tracking  telescope. 
Now,  though,  "the  sensor  is  a  sensitive image  orthicon  whose  information  is 
stored  in  a  digital  computer.  By  sensing 
the  deviation  of  the  target  from  the 
optical  line  of  sight,  a  servo  error  sig- 

nal is  generated  to  drive  the  telescope 
accurately  on  the  target.  The  angle  read- 

out from  shaft  encoders  is  expected  to 
be  accurate  to  5  seconds  of  arc." 

In  actual  operation,  the  telescope 
begins  to  drive  along  a  predicted  tra- 

jectory inserted  into  the  computer. 
When  the  target  is  acquired,  error  sig- 

nals correct  the  predicted  orbit  and 
achieve  lock-on.  Chances  for  success- 

ful acquisition  depend  on  the  accuracy 
of  the  orbit  generated  from  previous 
radio  and  optical  tracking  data. 

PROGRAMABLE 
TRACKING  TELESCOPE 

AND  DETECTOR 

SHAFT  ANGLE 
READ  OUT 
SYSTEM 

OPTICAL REFLECTOR 
TRANSMITTED 

PULSE 

DIAGRAM  of  laser  satellite  tracking  experiment. 
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REAL-TIME  automatic  digital  optical  tracker. 
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BMEWS PERSHING        MINUTEM AN  THOR  ATLAS  TITAN  II 

PRECISION 

POWER  on  these  sites  is  a  must . . .  and 

General  Electric  s 

Ground  Power  Equipment 

Meets  this  Requirement 

From  watts  to  megawatts  General  Electric's  ground  power  equipment  provides  precise 
regulation  of  voltage  and  frequency,  for  today's  electronic,  spacecraft  and  missile  sites. 

These  field  proven  systems,  designed  by  experienced  engineers,  meet  the  most  exacting 

requirements  and  are  backed  by  years  of  electrical  know-how,  to  give  reliable,  precise 
performance. 

Today,  call  your  nearest  General  Electric  sales  representative  for  more  in- 
formation on  how  G-E  precision  power  equipment  can  serve  your  ground  power 

supply  needs.  General  Electric  Company,  Section  600-07,  Schenectady  5,  N.  Y. 

Accenf 

on 
VALUE 

300  KW  synchronous  generator  60  to  400  cycle  packaged  General  Electric's  gas  turbine  packaged  power  plant  for 
for  ICBM  launching  site.  motor-generator  set  for  A. F.     large  electronic  systems, 

weapons  control  system. 

Circle  No.  3  on  Subscriber  Service  Card 
GENERAL ELECTRIC 



Technical  Countdown 

ELECTRONICS 

Light-Emitting  Diode  Developed  by  Philco 

A  diffused-junction  gallium-arsenide  diode  which  emits 
monochromatic  light  near  9000°  A  when  forward  biased  is 
commercially  available  from  Philco  Corp.  The  intensity  of 
emitted  radiation  can  be  controlled  by  suitable  variation  of 
the  bias  current,  making  it  possible  to  obtain  monochromatic 
light  modulated  at  frequencies  extending  into  the  micro- 

wave region.  The  required  modulation  power  is  only  a 
few  tenths  of  a  watt,  and  radiated  power  outputs  of  more 
than  1  mw  are  obtainable  at  room  temperature  operation 
with  more  than  25  mw  of  output  power  available  when  the 
diode  is  cooled  to  77°  K.  The  GAE-402  can  be  used,  says 
Philco,  in  conjunction  with  any  suitable  light-detecting  de- 

vice to  form  a  solid-state  optical  communications  system. 
The  efficiency  of  the  emitting  material  is  estimated  to  be  59c 
at  room  temperature  with  100%  possible  at  77°  K,  devel- 

opers claim. 

U.K.  to  Test  Monster  Tube 

The  world's  largest  thermionic  tube,  measuring  18x7x6 
ft.  and  weighing  4Vi  tons,  has  been  built  by  the  British  Ad- 

miralty's Services  Electronic  Research  Laboratory  at  Har- low. To  be  used  by  Marconi  Instrument  Co.  for  space  radar 
research,  the  tube  is  expected  to  produce  a  100-mw  output 
beam.  Extensive  shielding  will  be  required,  reportedly,  to 
provide  personnel  protection  against  hazardous  X  rays  radi- 

ated by  the  tube. 

SLAR  Distortions  Can  Be  Corrected 

A  "restitutor"  which  is  now  under  test  by  the  Army  will 
permit  planimetric  mapping  from  radar  photography  to  a 
scale  of  1:250,000.  Believed  first  of  its  kind  capable  of 
rectifying  photographs  obtained  from  side-looking  radar,  the 
system  was  developed  by  Belock  Instrument  Corp.  for  the 
U.S.  Army  Engineer  Geodesy,  Intelligence  and  Mapping  R&D 
Agency.  The  instrument  corrects  all  imagery  for  slant  range 
and  minor  systems  distortions  and  repositions  imagery  with 
respect  to  adjusted  aircraft  flight  lines.  The  output  is  a 
geometrically  correct  9'/2-in.  film  strip  of  the  original  radar 
presentation. 

Computer  Recorder  Leased  to  NASA 

General  Dynamics/Electronics  is  installing  an  S-C  4020 
high-speed  computer  recording  system  at  the  Data  Reduc- 

tion Branch  of  NASA's  Computation  Center  at  Huntsville. 
Ala.  The  unit  will  speed  the  time  involved  in  converting 
data  from  spacecraft  instrumentation  into  graph  forms  for 
interested  engineers.  Cutting  the  conversion  time  from  days 
to  hours,  the  system  displays  information  in  graph  and  alpha- 

numeric form  on  the  face  of  a  Charactron  (R)  shaped  beam 
tube.  Data  are  then  projected  through  optical  systems  to 
a  high-speed  35-mm  camera. 

OAO  Gets  Automatic  Charging  System 

An  automatic  electrical  charging  system  for  the  Orbiting 
Astronomical  Observatory  scheduled  for  launching  by  NASA 

in  1964  has  been  developed  by  Bendix  Corp.'s  Red  Bank 

Div.  The  system,  consisting  of  battery-regulator-charger  cir- 
cuits and  a  sequence  controller,  will  charge  each  battery  in 

the  satellite  through  a  separate  subsystem  including  sensing 
and  control  circuits.  The  charging  operation  operates  auto- 

matically and  a  detector  switches  the  solar-cell-gathered 
power  from  each  charged  battery  to  the  next  one  in  sequence. 
Sequence  control  can  operate  independently  from  a  ground 
station,  but  command  signals  from  a  ground  station  override 
the  automatic  system. 

ADVANCED  MATERIALS 

Re-Entry  Simulation  at  Chance-Vought 

Materials  candidates  for  the  Dyna-Soar  (X-20)  nose  cap 
are  being  checked  out  in  a  5000°+  F  oxy-propane  torch  at 
Chance-Vought  Div.,  Ling-Temco-Vought.  Flames  from  30 
welders  torches  are  fed  into  a  zirconia  shroud  containing 
the  nose  cap  specimens.  A  converging-diverging  nozzle  feeds 
radiant  energy  back  into  the  nose  cap,  properly  distributing 
temperature  from  the  cap  stagnation  point  to  the  skirt. 
Temperatures  are  measured  optically  through  seven  inspec- 

tion points  and  high-temperature  runs  can  last  as  long  as 
an  hour. 

Fast  Extrusion  Press  For  Nuclear  Metals 

A  Baldwin-Lima-Hamilton  1400-ton  extrusion  press  with 
a  maximum  ram  speed  of  1500  ipm  is  in  operation  at  Nu- 

clear Metals,  Inc.  The  press  can  also  maintain  constant 
speeds  in  the  ranges  below  100  ipm.  Nuclear  Metals  will 
use  the  press  in  investigations  into  methods  for  drawing 
structural  shapes  with  the  high  dimensional  tolerances  re- 

quired for  advanced  airframe  and  missile  applications.  Other 
Air  Force  programs  involved  include  the  development  of 
dies  and  materials  for  refractory  metal  extrusions. 

Radiation-Induced  Opaqueness  Researched 

Preliminary  experiments  in  the  laboratories  at  Climax 
Molybdenum  Co.  are  revealing  that  small  amounts  of  cer- 

tain moly  compounds  in  an  acrylic  plastic  causes  the  plastic 
to  turn  blue  when  placed  in  a  beam  of  light,  and  revert 
when  removed  from  the  light.  Although  the  reversible 
photosensitivity  of  acid  molybdate  solutions  has  been  known 
for  more  than  a  century,  interest  is  being  revived  in  glass 
and  other  transparent  materials  that  will  automatically  tint 
when  exposed  to  radiation  sources.  Spacecraft  observation 
ports  are  an  obvious  application. 

Economy  Plasma  Generator  at  Stanford 

PIPER,  Pulsed  Intense  Plasma  for  Exploratory  Research, 
is  in  operation  at  Stanford  University.  Designed  and  built 

in  one  month  by  Dr.  Richard  Geller  of  France's  atomic 
energy  establishment  (CEA),  the  unit  consists  of  two  op- 

posing electron-gun  beams  mounted  at  each  end  of  a  6-ft. 
glass  tube.  Hydrogen,  argon  or  any  other  gas  is  fed  into  the 
tube,  which  is  surrounded  by  a  2000-gauss  magnetic  field. 

Generated  plasma  ranges  from  100,000°  to  200,000°  F, with  charge  density  rises  to  1014  electrons  per  cc.  The  poor 
man's  plasma  machine  will  be  used  for  basic  noise  and  in- 

stability studies. 
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Piggyback  Payload  Designed, 

Shipped  in  Only  20  Days 

GODDARD  SPACE  FLIGHT  Cen- 
ter engineers  recently  conceived,  instru- 

mented and  shipped  a  200-lb.  payload — 
in  just  20  days — to  meet  the  launch 
schedule  for  a  scientific  satellite. 

The  experiment  was  sent  up  Sept. 
29  along  with  the  Alouette  satellite  (S- 
27) — a  joint  U.S.  and  Canadian  proj- 

ect. (M/R.  Sept.  24.  p.  35.) 
Results  of  the  Goddard  experiment, 

revealed  last  week,  are  of  exceedingly 
high  quality.  They  indicate  how  very 
quickly  an  efficient  payload  can  be  put 
together  to  satisfy  a  sudden  need — 
and  perhaps  how  quickly  a  military  pay- 
load  can  be  devised  to  meet  a  precipitat- 

ing national  emergency. 

•  Background — Goddard's  Test  and 
Evaluation  Group  was  told  Aug.  10 
that  it  could  put  exactly  200  lbs.  of  pay- 
load — with  specified  volume  and  mo- 

ments of  inertia — on  board  with  Alou- 
ette if  the  completed  package  could  be 

delivered  to  the  Pacific  Missile  Range 
no  later  than  Aug.  30.  Object  of  the 
experiment:  learn  the  vibration  and  ac- 

celeration environment  of  spacecraft 
during  launch  by  a  Thor-Agena  vehicle. 

This  was  the  first  time  Goddard  was 

by  William  Beller 

using  the  Thor-Agena,  and  the  engi- 
neers expected  to  be  using  it  again.  They 

wanted,  therefore,  to  determine  the  vi- 
bration spectrum  of  the  spacecraft  in 

order  to  design  future  experiments  and 
structure  more  efficiently. 

The  T&E  Group  tests  all  Goddard 
spacecraft  to  see  whether  they  with- 

stand vibrations  and  accelerations  in 
flight — and  whether  they  meet  the  95% 
confidence  level.  On  spacecraft  using 
Delta  launch  vehicles,  for  instance,  God- 

dard has  chalked  up  a  perfect  score: 
13  successes  in  13  flights. 

The  /l/oi/fr/e-connected  experiment 
became  an  all-Goddard  project — not 
strictly  one  for  T&E — because  of  the 
interface  problems  that  had  to  be 
worked  out.  Spearheading  the  effort: 
James  A.  Nagy,  34.  instrumentation  en- 

gineer. Structural  Dynamics  Branch; 
Robert  Pincus.  27.  telemetry  engineer. 
Sounding  Rocket  Branch:  Carl  L.  Wag- 

ner, Jr.,  34,  aerospace  engineer.  Me- 
chanical Systems  Branch. 

In  1 1  days  the  payload  known  as 
TAVE — Thor-Agena  Vibration  Experi- 

ment— was  designed,  built  and  ready  for 
testing.  Three  days  later,  testing  was  fin- 

ished and  TAVE  qualified  for  flight.  In 
the  remaining  period  while  TAVE  was 
awaiting  shipment,  final  calibrations 
were  performed.  By  the  end  of  the  al- 

lotted 20-day  period  the  payload  was 
ready  to  be  mated  to  Thor-Agena  at PMR. 

•  Experimental  results  —  Vibration 
data  taken  during  Thor-Agena's  launch phase  verified  that  the  Thor  has  a  thrust 
resonance  at  low  frequencies.  The 
experiment  established,  moreover,  the 
transmissibility  of  vibrations  through 
the  Agena  stage  into  spacecraft  inter- 
faces. 

Of  considerable  theoretical  impor- 
tance was  the  fact  that  the  experiment 

also  verified  the  vibration  analysis  meth- 
ods used  both  by  Goddard  engineers 

and  by  engineers  at  Lockheed  Aircraft 
Corp. — builder  of  the  Agena  stage.  This 
means  the  methods  used  can  be  relied 
on  to  give  accurate  results  for  future 
launches  of  similar  configurations. 

There  was  additional  information 
from  the  experiment:  immediately  after 
main-engine  cut-off — during  a  coast 
phase — a  structural  resonance  in  the 
thrust  direction  was  found.  The  amp- 

VIBRATION  experiment  (TAVE)  lowered  on  spin  table. INSTRUMENTS  strung  along  T A  VE  periphery  for  high  inertia. 
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litudes  damped  out  quickly,  but  they 
did  indicate  a  possible  source  of  harm- 

ful vibrations  under  different  loading 
conditions. 

"I  suspect  this  is  the  highest  quality 
data  ever  to  come  out  of  (launch-ve- 

hicle) flight  measurements,"  John  C. New,  head  of  the  T&E  Group  told 
Missiles  and  Rockets.  "It  is  signifi- 

cant that  the  experiment  was  run  by  a 
group  of  people  fairly  young  in  our 
organization." 

New  added  that  the  tendency  is  to 
rely  on  an  established  cadre  of  people 
to  do  a  job.  "We  must  broaden  our  base, 
however,"  he  said,  "and  use  our  staff 
to  guide — and  then  let  the  engineers 
proceed  by  themselves."  He  called  for 
less  paper  work  and  progress  reports 
and  "more  beds  in  the  basement."  New 
was  referring  to  the  round-the-clock 
work  performed  by  the  TAVE  team, 
and  their  sleeping  in  temporary  quarters 
provided  by  Goddard. 

•  Design  of  experiment — The 
launch  and  trajectory  characteristics  for 
the  Alouette  spacecraft  had  been  set  up 
more  than  a  year  before  the  scheduled 
firing  date.  When  for  some  reason  part 
of  the  payload  was  not  forthcoming,  its 
space  had  to  be  taken  up  by  another 
mass  of  identical  static  and  dynamic 
characteristics. 

The  Thor-Agena  subsequently  con- 
tained two  payloads:  the  S-27  Alouette 

on  top  and  TA  VE  below  it. 
To  meet  requirements  of  very  high 

moments  of  inertia  together  with  rela- 
tively low  weight,  TAVE  was  shaped 

into  a  cylinder  having  very  thick  walls 
but  practically  no  weight  in  the  center. 
The  spin  moment-of-inertia  of  approx- 

imately 10  slug-ft.2  was  the  governing 
one. 

The  walls  were  attached  to  a  central 
thrust  tube  by  means  of  two  sheet-metal 
cones.  To  maintain  the  high  moment-of- 
inertia,  however,  the  experiments  were 
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TA  VE  circuitry  showing  strain-gage  transducers,  telemetry  bands. 

attached  along  the  periphery  of  the 
thick  cylindrical  wall  and  above  the 
upper  cone.  The  structure  had  to  be 
stiff  for  adequate  frequency  control — 
more  than  50  cps.  Final  tests  showed 
the  natural  frequency  was  higher  than 
200  cps.  The  dynamic  balance  ended  up 
at  34-oz.-in.2. 

•  No  room  for  error — Once  TA  VE 
was  installed  in  Thor-Agena,  there  was 
no  way  except  by  breaking  up  the  ve- 

hicle to  get  at  the  experiment.  One  of 
the  conditions  for  putting  TAVE  on 
board  was  that  it  would  be  independent 
of  any  other  equipment  present.  The 
spin  table  on  which  TA  VE  was  mount- 

ed prevented  even  an  umbilical  being 
used. 

This  meant  that  the  TA  VE  com- 
mand-receiver for  turning  on  the  trans- 

ducer circuitry  had  to  run  on  batteries 
for  the  four-hour  check-out  period 
prior  to  launch;  if  a  long  hold  devel- 

oped, the  batteries  might  run  down. 
Thus  a  back-up  had  to  be  used. 

The  experimenters  were  most  eager 
to  have  the  instruments  operating  imme- 

diately prior  to  launch  in  order  to  get 
lift-off  information.  Hopefully,  the  vi- 

bration and  acceleration  data  would  con- 
tinue coming  in  throughout  the  launch 

phase. Eight  strain-gage  accelerometers 
mounted  in  lateral  and  longitudinal  di- 

rections were  the  transducers  used  to 
gather  the  data.  Locations  of  the  trans- 

ducers: on  the  S-27  interface,  TAVE 
payload,  and  spin  table. 

Sensitive  inertia  g-switches  were 
the  back-up  to  the  command  receiver. 
These  switches,  however,  could  be  trig- 

gered prematurely  by  accidentally  jolt- 
ing TA  VE  when  it  was  being  loaded  on 

the  spin  table.  If  this  occurred,  the  cir- 
cuit could  be  de-energized  through  a 

hand  hole  in  the  Agena  shroud.  Altitude 
switches  going  on  at  5000  ft.  would 
then  take  over. 

The  command  receiver,  happily, 
worked  as  planned.  Ample  vibration 
and  acceleration  data  describing  the 
launch  were  telemetered  to  ground  sta- 

tions, and  analysis  is  currently  underway 
at  Goddard. 
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IALS  LABORATORY  IN  SPACE 

A  comprehensive  understanding  of  the  reaction  of  materials  to  outer  space 

Is  an  important  key  to  this  country's  space  program.  In  their  study  of  materials, 
scientists  at  Lockheed  Missiles  &  Space  Company  found  the  problem  could  be 

most  graphically  depicted  by  showing  the  various  environmental  factors  impinging 

on  a  simple  cube-shaped  vehicle.  A  cube,  placed  in  a  noon  polar  circular  orbit, 
would  allow  unusual  isolation  of  the  effects  of  space  on  materials;  make  their 

measurement  simpler  and  more  accurate;  and  offer  a  built-in  control  of  the  results. 

For  example:  The  horizontal  surface  facing  away  from  the  earth  would  receive 

only  direct  solar  insolation,  while  that  facing  the  earth  would  get  mostly  earth  shine 

and  earth-reflected  solar  radiation.  This  hypothetical  model  lucidly  illustrates 
the  effects  of  such  phenomena  as:  Solar  irradiation,  sputtering,  micro-meteoritic 
erosion,  solar  corpuscular  radiation,  auroral  radiation  and  the  like. 

Guided  by  engineers  and  scientists  of  outstanding  calibre,  Lockheed  Missiles  & 

Space  Company  has  won  its  place  in  the  forefront  of  many  disciplines  in  missile 

and  space  technology.  And  such  progress  constantly  creates  key  positions  for 

others  of  proven  ability.  Lockheed's  location  in  Sunnyvale  and  Palo  Alto  on  the 
beautiful  San  Francisco  Peninsula  is  ideal.  So  is  the  climate— physical  and  mental. 

If  you  are  interested  in  correlating  your  specialty  to  one  of  Lockheed's  many 
challenging  assignments,  please  write  to:  Research  &  Development  Staff, 

Dept.  M-37C,  599  North  Mathilda  Avenue,  Sunnyvale,  California. 
An  equal  opportunity  employer. 

L.OCK.H E E D  missiles  &  space  company 
A  GROUP  DIVISION  OF  LOCKHEED  AIRCRAFT  CORPORATION 

Systems  Manager  for  the  Navy  Polaris  fbm  and  the  AGENA  vehicle  in  various  Air  Force  Satellite 
programs.  Other  current  projects  include  such  NASA  programs  as  the  OGO,  ECHO,  and  nimbus. 

JNYVALE     PALO    ALTO    VAN    NUYS     SANTA    CRUZ     SANTA    MARIA.   CALIFORNIA    •   CAPE    CANAVERAL.  FLORIDA 
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Centaur,  Skybolt  Controls  Detailed 

Skybolfs  hot  gas  motor  pumps  have  operated  successfully 

on  each  flight  to  date;  Centaur  posed  cryogenic  problems 

by  John  F.  Judge 

Detroit- — First  details  of  flight  con- 
trol aboard  NASA's  Centaur  space  ve- 

hicle and  the  Air  Force's  1000-mile  Sky- bolt missile  were  disclosed  at  the  recent 
annual  Vickers,  Inc.,  Aerospace  Fluid 
Power  Conference  here. 

H.  D.  Davis,  of  General  Dynamics/ 
Astronautics,  said  the  flight  control  sys- 

tem on  Centaur  presented  an  entirely 
new  environmental  problem:  both  pro- 
pellants  are  liquified  cryogenic  gases. 
Further,  he  said,  one  of  the  proposed 
Centaur  missions  involves  a  restart  after 
coasting  in  space;  during  this  period, 
most  of  the  accessory  equipment  will  be 
non-operative  and  exposed  to  the  ex- 

tremely low  temperatures  generated  by 
the  cryogenic  propellants. 

Hot  gas,  cryogenic  gas,  electrome- 
chanical and  hydraulic  servos  were  in- 

vestigated as  possible  power  sources.  In 
spite  of  the  low-temperature  problem, 
hydraulics  were  chosen  because  of  ad- 

vantages in  weight,  schedule,  technical 
advancement  and  development  cost. 

Flight  control  system  designers  faced 
a  problem  exactly  opposite  that  encoun- 

tered by  the  engine  and  tankage  people: 
the  propulsion  system  and  its  associated 
equipment  must  necessarily  keep  within 
the  liquid  hydrogen  and  LOX  tempera- 

ture ranges  while  flight  control  com- 
ponents must  function  in  the  same 

physical  area  yet  maintain  a  tempera- 
ture range  between  —30°  and  400°F — 

the  current  practical  working  area  of 
hydraulic  systems. 

Except  for  the  temperature  problem, 
Davis  said,  system  design  was  conven- 

tional in  terms  of  power  requirements. 
Each  engine  turbo-pump  is  provided 
with  a  1 2,000-rpm-power  take-off  pad 
26 

of  sufficient  torque  output  to  drive  the 
main  hydraulic  pump — satisfying  the 
need  for  a  prime  mover. 

Engine  and  airframe  attach  clevises 
are  provided  to  allow  use  of  conven- 

tional linear,  pinned-down  actuators  for 
engine  positioning.  One  advanced  fea- 

ture is  the  incorporation  of  a  derivative 
pressure  feed-back  servo  valve,  char- 

acterized by  a  low  pass  effect  which 
damps  out  high-frequency  mechanical 
inputs  to  the  servo  loop. 

•  Cryogenic  dictates  —  Davis  said 
temperature  considerations  wielded  the 
heaviest  influence.  All  components  used 
for  production  and  regulation  of  hy- 

draulic power  are  packaged  into  one 
compact  unit  mounted  on  the  engine  ac- 

cessory pad.  These  components  include: 
—A  miniaturized,  cartridge-type 

fixed-displacement  pump  used  for  main- 
pressure  generation  and  embedded  in 
the  power  package  body  to  keep  it 
warm.  A  nylon  coupling  to  the  engine 
forms  a  thermal  barrier,  as  does  a  plastic 
insulating  block. 

—A  1.35-cu.-in.  (air  volume)  ac- 
cumulator with  charging  gage  and  fit- 

ting, which  acts  to  dampen  surges  in 
output  pressure  with  variations  in  sys- 

tem flow  rate.  Installed  transversally  in 
the  power  package,  the  assembly  is  al- 

most completely  buried  and  its  location 
prevents  cooling  of  the  gas  charge. 

—A  bootstrap-activated  fluid  reser- 
voir. The  largest  component  in  the 

power  unit,  the  reservoir  forms  the  main 
body.  Supercharged  inlet  pressure  for 
the  main  pump  is  obtained  in  the  reser- 

voir by  applying  pump  outlet  pressure 
to  the  smaller  area  of  a  differential  area 
piston.  The  25:1  ratio  provides  a  nom- 

inal supercharged  pressure  of  40  psi 
in  the  reservoir. 

—  Electric  motor-driven  recirculat- 
ing pump  and  allied  equipment.  Davis 

said  studies  indicated  that  the  power 
unit  constituted  a  thermal  reservoir  ade- 

quate to  maintain  the  system  tempera- 
ture within  operating  limits  if  properly 

insulated,  and  heated  fluid  could  be  re- 
circulated to  the  more  exposed  lines  and 

actuators. 
—A  second  cartridge-type  pump, 

driven  at  6000  rpm  by  a  28-volt,  com- 
pound-wound, d-c  motor  which,  in  turn,  I 

is  thermostatically  controlled  to  activate 
when  the  coldest  points  of  the  system 
reach  a  pre-set  temperature. 

Davis  said  the  packaging  concept  for 
the  actuator  and  power  unit  assemblies 
probably  would  have  been  adopted,  with 
slightly  less  impetus,  even  if  environ- 

mental requirements  had  not  so  dictated. 
This  is  the  general  trend  because  of  its 
advantages  in  reliability,  weight  savings 
and  maintainability. 

•  Flying  hot  gas  system — In  con- 
trast to  Centaur,  the  Air  Force's  Doug- las Skybolt  air-launched  missile  uses  hot- 

gas  motor  pump  units  in  each  of  its  two 
stages  to  supply  hydraulic  power  to  the 
flight  controls. 

Harris  Howard  and  Will  Klock  of 
Vickers/Torrance  told  the  conference 
the  system  has  operated  successfully  on 
every  Skybolt  flight  to  date. 

The  motor  pumps  in  both  stages  are 
essentially  identical  except  for  power 
output  and  size.  Both  are  integrated, 
fixed-displacement  motors  with  a  fixed- displacement  pump. 

The  first-stage  unit  is  a  standard 
3909-30°  pump  driven  by  a  3912-30° 
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motor.  Output  is  22  hp  at  7800  rpm. 
The  system  pressure  is  3200  psig  and 
maximum  flow  is  12  gpm.  The  package 
weighs  8  lbs. 

The  second-stage  unit  is  a  standard 
3906-size  30°  pump  driven  by  a  3907- 
30°  motor  through  a  common  shaft. 
Its  output  is  5.6  hp  at  7500  rpm.  The 
system  pressure  is  a  nominal  3200  psig 

I  and  maximum  flow  is  3  gpm.  The 
weight  of  this  unit  is  3.8  lbs. 

Specific  fuel  consumption  of  the 
first-stage  motor  is  1 1  lbs./hp-hr  at  an 
output  of  15  hp.  The  second-stage  spe- 

cific fuel  consumption  is  17  lbs./hp-hr 
at  an  output  of  5  hp.  Howard  and  Klock 
add  an  overall  efficiency  loss  of  8% 
in  the  pump  and  a  factor  of  25% 
against  the  theoretical  propellant  gas 
flow  to  compensate  for  variations  and  to 
provide  for  an  operating  margin. 

Hot  gas  at  2000°F  is  supplied  by 
a  solid-propellant  gas  generator.  Gas 
pressure  is  controlled  by  a  hot-gas  relief 
valve  which  maintains  2000  psig  gas 
pressure  at  the  motor  inlet,  venting  the 

)  excess  gas  overboard.  Gas  for  the  gener- 
j  ator  is  also  taken  off  upstream  of  the 

motor  to  operate  other  subsystems  such 
as  the  control  nozzles. 

The  motor  pump  system  is  torque- 
balanced — with  constant  torque  input 

i  to  the  motor  controlled  by  the  hot-gas 
relief  valve,  the  unit  adjusts  its  speed 

.    to  meet  the  hydraulic  system  demand. 
i        A  hot-gas  accumulator,  using  hot  gas 
L    to  energize  the  hydraulic  side,  supplies 
I-  the  peak  flow  demand  of  the  system. 

Using  hot  gas  for  pressurization  of  the 
J   accumulator  eliminates  the  need  for  a 
f   pre-charged  accumulator. 

Motor  inlet  and  exhaust  valves  are 
copper-impregnated  carbon  retained  by 
a  pure  molybdenum  ring  which  provides 
the  required  resistance  to  internal  gas 
pressure.  The  molybdenum  has  a  tem- 

perature expansion  coefficient  similar  to 
that  of  the  valve  material  and  also  has 
the  necesary  high-temperature  strength. 
All  exposed  hold-down  springs  are 
Rene  41  steel. 

Vickers  developed  a  nitriding  proc- 
ess which  Howard  calls  a  substantial 

breakthrough  in  the  achievement  of  a 
reliable  unit.  The  motor  cylinder  block 
— of  type  316  corrosion-resistant  steel — 
was  nitrided  through  this  process. 

The  block  is  retained  by  ball  bear- 
ings on  its  outside  diameter.  The  nine 

motor  pistons  are  free-floating  and  fab- 
ricated from  hardened  M-2  tool  steel, 

as  are  the  rods.  Two  Hastelloy  C-2  pis- 
ton rings  with  staggered  gaps  are  used 

on  each  piston  in  a  single  groove. 
The  block  is  connected  to  the  com- 

mon shaft  through  a  set  of  bevel  gears. 
A  pressure-balanced,  carbon  face-type 
seal  of  bellows  construction  to  minimize 
elastomeric  seals  secures  the  pump  case 
from  the  motor  case. 

A  standard  universal  link  drives 
the  conventional  pump  rotating  group. 
Thrust  loads  are  balanced  between  pump 
and  motor  except  for  efficiency  losses — ■ 
the  slight  remaining  residual  thrust  is 
absorbed  by  the  bearing  stack  on  the 
shaft. 

A  slight  lubrication  and  cooling  flow 
is  introduced  to  the  motor  case  during 
operation.  This  flow,  says  Howard,  is 
no  more  than  0.15  gpm  for  the  second- 
stage  unit  and  no  more  than  0.25  gpm 
for  the  first  stage.  The  latter  is  vented 

through  the  gas  exhaust  system. 
The  present  system  provides  these 

flow  rates,  but  acceptance  tests  are  run 
with  lower  rates.  The  amount  of  oil 
consumed  in  the  Skybolt  system  is  3.1 
lbs./min.  for  both  stages  combined. 
Howard  and  Klock  indicated  that  feasi- 

bility of  substantially  lower  amounts 
has  been  demonstrated. 

•  Development  problems — Solu- 
tions had  to  be  found  in  the  areas  of  gas 

admission  and  exhaust,  temperature  and 
materials,  and  adequate  cooling  and 
lubrication  within  the  weight,  size,  and 
operational  limitations  imposed. 

The  temperature  regime  ranged  from 
in  excess  of  1900°F  at  the  motor  inlet 
to  sub-zero  at  the  same  point  during 
cold-gas  checkouts.  Pump  and  oil  tem- 

peratures range  over  the  usual  military 
requirements  of  —65°  to  275°F.  The 
highest  external  temperature  during  op- 

eration is  below  400  °F  at  the  motor housing. 

In  addition  to  the  materials  covered 
above,  Vickers  is  continuing  work  on 
the  Hastelloy  and  Satellite  steel  series, 
cermets  and  refractory  materials,  pyro- 
litic  graphite,  sapphire,  H-ll,  Vascojet 
1000  steel,  18%  nickel  maraging  steel 
and  Clevite  300  sintered  iron.  The  aim 
is  to  acquire  better  processing  and  ma- 

terial control  and  arrive  at  longer  duty 

cycles. Studies  in  progress  are  directed  to- 
ward the  development  of  motors  with 

higher  operating  temperatures  and  in 
propellants  with  lower  burning  tempera- 

tures. While  this  seems  to  be  a  contra- 
diction, Howard  and  Klock  say  both 

achieve  the  same  result — increasing  the 
duty  cycle  duration. 
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Functional  Beauty 

(Even  at  twice  its  price) 

Never  has  a  recording  oscillograph  given 
such  high  performance  at  such  a  low  price. 

40  pounds  light,  CEC's  Type  5-124  Recording 
Oscillograph  has  an  18  channel  recording  ca- 

pacity, and  records  all  record  parameters  at 
writing  speeds  up  to  50,000  ips. 

With  included  accessories,  the  5-124  can 
record  a  grid  line  system  in  either  .1  inch 
increments  with  each  tenth  line  accentuated 
or  millimeter  increments  with  each  fifth  line 
accentuated. 

Each  trace  is  sequentually  interrupted  at  a 
12-inch  repetition  cycle. 

Other  available  accessories  include  100°F 
galvanometer  block  stabilization,  flash  timing, 
record  takeup,  rack  mounting,  various  speed 
ranges,  and  trace  numbering. 

The  5-124  is  a  must  for  your  laboratory.  For 
full  details,  call  your  CEC  office  or  write  for 
Bulletin  CEC  5124-X2. 

Data  Recorders  Division 

CONSOLIDATED  ELECTRODYNAMICS 
PASADENA,  CALIFORNIA    •    A  SUBSIDIARY  OF  BELL  &  HOWELL 

Other  schemes,  using  devices  to  con- 
trol the  gas  generator  pressure  and 

therefore  the  burning  rate  of  the  pro- 
!  pellant,  have  been  considered,  but  the 
Vickers  experts  did  not  discuss  these  in 
detail.  Shaped-propellant  grains  which 
provide,  for  example,  larger  gas  flow 
at  the  beginning  of  the  duty  cycle  are 
practical  and  are  used  in  Skybolt. 

Thrust  vector  control  through  sec- 
ondary injection  methods  was  discussed 

by  C.  J.  Green,  U.S.  Naval  Ordnance 
Test  Station,  China  Lake,  Calif.  Green 
covered  the  system  design  considera- 

tions in  general  and  described  both 
liquid  and  gas  injection  procedures. 

Liquid  secondary  injection  is  pres- 
ently being  used  on  vehicles  where  the 

required  total  control  impulse  is  less 
than  2%  of  the  main  propulsion  sys- 

tem's impulse  in  upper-stage  vehicles. 
The  other  cases  cover  those  propulsion 
systems  involving  combustion  tempera- 

tures and  composition  precluding  the 
use  of  mechanical  systems. 

The  fundamental  difference  between 
liquid  and  gas  systems.  Green  says,  is 
that  the  liquid  must  undergo  a  phase 
change  within  the  nozzle.  If  it  remains 
a  liquid,  its  vectoring  effect  is  negligible. 

Green  says  gas  injection  systems 
were  being  investigated  as  early  as  1952 
by  United  Aircraft,  but  this,  and  much 
of  the  subsequent  work,  involved  cold- 
gas  systems.  Early  tests  did  indicate 
that  a  potentially  high-performance  con- 

trol technique  was  available  when  the 
injectant  total  temperature  approached 
the  primary  stream  temperature. 

In  a  nutshell,  a  practical  gas-injec- 
tion system  would  have  to  use  a  high- 

temperature  gas,  says  Green.  And  the 
high-temperature  materials  problem  is 
precisely  the  main  disadvantage  of  hot- 
gas  injection  and  the  reason  why  a  suc- 

cessful system  has  not  yet  been  built. 
Green  considers  liquid  injection  a 

state-of-the-art  thrust  vector  control 
technique  which  offers  a  solution  to 
many  of  the  problems  resulting  from  the 
advent  of  high-performance  upper-stage 
engines.  Empirical  systems  have  been 
developed  which  permit  the  calculation 
of  system  requirements  and  character- 

istics from  sub-scale  data. 
Vickers  developments  in  reciprocat- 
ing power  units  were  outlined  by  N.  E. 

Morgan.  W.  D.  Morath  and  R.  C. 
Thomas  of  Vickers/Torrance.  The  pis- 

ton engine  has  successfully  used  the 
02-H2  combination  and  was  described 
in  relation  to  space  power  systems. 
Other  fuels  have  been  used  and  the  en- 

gine has  demonstrated  versatility  in  op- 
erating at  various  speeds  with  these  vari- 

ous fuels  and  combustion  techniques. 
Other  papers  covered  hydraulic  fluid 

contamination,  reliability,  new  pump 
developments,  advanced  reaction  con- 

trol systems  (M/R,  Aug.  6,  p.  28).  8 
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UTC  PHOTOS  show  (at  left)  conventional  injection  of  liquid  propellant  into  rocket 
engine  combustion  chamber,  and  (right)  injection  utilizing  aeration  throttling. 
RIGHT:  Diagram  of  process  indicates  location  of  aeration  manifolds. 

space  propulsion 

UTC  Claims  Aeration 

Eliminates  Instability 

by  Frank  G.  McGuire 

COMBUSTION CHAMBER 

USE  OF  aeration  to  throttle  liquid 
propellant  rocket  engines  to  less  than 
2%  of  full  thrust  without  combustion 
instability  has  been  claimed  by  United 
Technology  Corp. 

The  technique  uses  propulsion  sys- 
tem pressurizing  gas  to  introduce  bubbles 

into  propellant  lines,  creating  a  fine  mist 
instead  of  streams  in  the  combustion 
chamber. 

Herbert  R.  Lawrence,  vice  president 
and  director  of  UTC's  engineering  divi- 

sion, said  the  method  hinges  on  a  spe- 
cial manifold  for  mixing  the  gas  and 

fluids  in  proportions  dependent  upon 
the  degree  of  thrust  reduction  needed. 
Approximately  100  hot  firings  with  ex- 

perimental hardware  have  proved  out 
the  principle  of  the  technique,  and  UTC 
is  now  building  larger  test  rigs. 

A  prime  candidate  for  the  aeration 
technique  is  the  lunar  excursion  module 
of  Apollo,  which  has  a  thrust  require- 

ment of  about  8000  lbs. — just  the 
thrust  level  of  UTC's  new  test  engine 
for  further  development  of  the  aeration 
method. 

Company  officials  said  the  technique 
could  also  be  incorporated  into  exist- 

ing hardware,  and  specifically  cited  the 
Gemini-Agena  rendevous  mission  as  a 
prime  example  of  the  technique's  poten- tial benefits. 

A  company-funded  project,  the  aera- 
tion system  has  not  yet  been  bought  by 

any  government  agency  or  system  con- 

tractor, but  UTC  said  it  has  briefed 
appropriate  persons  on  the  develop- ment. 

The  firm  said  combustion  instability 
is  completely  eliminated  when  aera- 

tion is  used,  and  the  system  helps  greatly 
in  preventing  instability  even  when 
throttling  is  not  desired. 

At  thrust  levels  of  about  10%  or 
less,  both  aeration  and  valving  of  pro- 

pellant lines  can  be  used  in  conjunction 
to  advantage.  The  present  test  engine  is 
a  3 00-lb. -thrust  model,  which  has  been 
operated  at  5  lbs.  thrust  without  com- 

bustion problems.  The  new  8000-lb.- 
thrust  engine  is  expected  to  be  in  oper- 

ation within  three  weeks. 
Nitrogen,  helium  and  other  inert 

gases  have  been  tested  on  such  propel- 
lants as  nitrogen  tetroxide,  hydrazine, 

hydrazine/UDMH,  and  other  storables, 
but  not  yet  on  cryogenic  propellants. 
The  technique  improves  fuel  economy 
at  low  thrust  levels,  and  could  be  in- 

stalled on  current  models  of  rocket  en- 
gines at  about  1%  of  the  propulsion 

system  cost. 
•  Operation — In  the  aeration  meth- 
od, the  vehicle's  pressurization  system  is 

used  to  perform  double-duty  in  main- 
taining pressure  in  the  propellant  tanks 

and  servicing  the  throttling  system. 
About  1%  more  gas  is  needed  for  the 
added  requirements,  Lawrence  said,  and 
it  is  fed  into  the  propellant  lines  through 
a  special  manifold  just  before  the  fluids 

AERATED  SPRAY 

INVECT0R  FACE 

enter  the  combustion  chamber. 
The  solid  stream  of  gas  breaks  up 

into  separate  bubbles  in  the  fluid  stream, 
(the  more  gas,  the  smaller  the  bubbles) 
and  the  proportion  of  gas  to  liquid, 
on  a  volume  basis,  is  directly  propor- 

tional to  throttling  effect. 
The  throttle  line  operates  under  the 

same  pressure  as  the  propellant  tanks, 
and  a  common  mechanical  control  sys- 

tem runs  four  valves — two  on  each  of 
the  propellant  lines  and  two  on  the  cor- 

responding gas  lines.  The  valves,  oper- 
ated from  a  common  shaft,  are  geared 

so  that  opening  a  set  of  valves  closes 
the  corresponding  set  by  the  same  pro- 

portion. 
Lawrence  stressed  that  a  manned 

spacecraft  could  use  the  technique  to 
great  advantage  because  the  pilot  would 
have  no  difficulties  in  controlling  his 
engine.  Throttling  action  can  be  ap- 

plied just  as  rapidly  as  the  pilot  can 
move  the  throttle  handle,  with  no  dan- 

ger of  explosion. 
He  added  that  the  company  had 

considered  using  bleed  gas  from  one  of 
the  propellants,  but  decided  against  it 
because  of  the  danger  of  explosions  if 
mixture  control  tolerances  were  not  pre- 

cisely followed.  Thus  the  inert  gases were  chosen. 

Principal  use  for  the  technique  is 
seen  in  orbital  rendezvous  missions,  soft 
planetary  landings,  orbital  changes,  and 
orbital  injection.  *♦ 
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COMBINED  ENVIRONMENTS: 
Vibration  Random  Motion  and  Sine  Wave 

Vacuum  1  x  10-8  MM  Hg 
Radiant  Heat  460  BTU/ft!/hr. 
Cold  Wall  -320F  (LNO 
Solar  Radiation  Simulation 

Electrical,  electronic,  hydraulic, 
pneumatic  and  cryogenic  capabilities 
are  provided  in  the  chamber. 

Instant  Outerspace 

Beech  designed  and  developed  space  simulator  a  vital 

part  of  a  comprehensive  systems  management  capability 

This  space  simulator  was  designed,  developed 

and  built  by  the  craftsmen  of  Beech's  Aerospace 
Division.  The  experiments  conducted  inside  this 

unit  are  one  indication  of  Beech's  space  age 
capabilities. 

A  recognized  leader  in  components  testing 
and  cryogenic  development,  Beech  is  also  a 
seasoned  source  for  systems  management. 

Making  this  possible  is  the  unusual  physical 
environment  Beech  has  created  at  its  modern 
aerospace  center  at  Boulder,  Colorado,  and  its 
extensive  production  facilities  at  Wichita,  Kan- 

sas. Both  of  these  facilities  are  staffed  with 
expert,  seasoned  personnel  who  have  long  worked 
together  on  aerospace  problems. 

In  addition  to  the  sophisticated  simulator  .  . 



Other  Beech  Capabilities  In  Systems  Management  Include: 

R&D. Propulsion . Auxiliary  Power. . . 

GSE. . Manufacturing . . Environmental  Testing . . 

Facilities . Complex  Vibration. Management . 

HOW  may  We  help  you?  To  discover  how  the 
proven  capabilities  of  the  Beech  organization  can  be 
quickly  and  efficiently  put  to  work  on  your  project, 
write,  wire  or  phone  Contract  Administrator,  Aero- 

space Division,  Beech  Aircraft  Corporation,  Wichita 
1,  Kansas.  Beech  stands  ready  and  eager  to  accept 
complete  systems  management  responsibility  for  your 

project  right  now. 

eh  y^4^ty*^^w&<^ 
BEECH  AIRCRAFT  CORPORATION   •  WICHITA  1,  KANSAS 

HELPING  BUSINESS  GROW  FASTER:  Only  Beechcraft  offers  such  a  complete  line  of 
planes  with  so  much  speed,  range,  comfort  and  quiet  to  help  business  multiply  the 
money-making  decisions  that  each  top  man  can  make.  That's  how  thousands  of  Beech- crafts  have  paid  for  themselves. 

Executives:  Wrife  today  for:  □  "Dollars  and  Sense  of  Business 
Flying."  □  Beech  Financing  &  Leasing  Plans.  □  New  illu- strated folders  on  Beechcrafts  for  1962.  Address  Public 
Relations  Dept.,  Beech  Aircraft  Corp.,  Wichita  1,  Kansas,  U.S.A. 

Circle  No.  4  on  Subscriber  Service  Card 



test  facilities 

Long-Duration  AAach  15 

Shock  Tunnel  Shown 

Cornell  Aeronautical  Laboratory  installation  cost 

$5  million,  will  be  used  in  ARPA's  Project  Defender 

by  Charles  D.  LaFond 

Buffalo,  N.Y. — The  first  long-du- 
ration hypersonic  shock  tunnel  in  the 

United  States — and  quite  probably  the 
world's  first — has  been  demonstrated 
successfully  here. 

The  facility  employs  a  rotating, 
multiple-shock-tube  assembly  to  provide 
a  continuous  clean  air  stream  at  tem- 

peratures up  to  9000°  R  and  up  to  200 
atmospheres  for  periods  of  from  2-15 
seconds.  Ultimately,  developers  say,  a 
Mach  number  range  of  from  6-15  will 
be  obtainable. 

In  its  first  press  showing  last  month, 

the  Wave  Superheater  Hypersonic  Tun- 
nel, developed  and  built  by  Cornell 

Aeronautical  Laboratory,  Inc.,  disinte- 
grated a  6  x  l-in.-dia.  solid  carbon  rod. 

Supply  temperature  exceeded  6000 °R  at 
60  atmospheres  during  the  3-sec.  test. 

The  $5-million  test  facility  is  spon- 
sored by  the  Advanced  Research  Proj- 

ects Agency.  Under  R&D  for  over  3 
years,  the  Wave  Superheater  is  now  in 
its  final  development  and  test  stage. 

When  completed  it  will  be  used  to 
support  classified  ARPA  studies  in  Proj- 

ect Defender  and  will  be  considered  a 

U.S.  test  center  for  use  by  all  agencies. 
CAL  will  continue  to  operate  the  new 
tunnel. 

The  Lab  already  has  operational  a 
48-in.,  Mach  12-22  shock  tunnel;  a  6-ft., 
Mach  10-30  shock  tunnel;  a  supersonic 
(Mach-7)  shock  tunnel;  plus  radiation 
(Mach-14),  chemical  (Mach-10),  and 
four  miscellaneous  (Mach  1-7)  shock 
tubes. 

Two  new  facilities  also  now  in  early 
design  will  be  built  soon  to  meet  up- 

coming space  needs.  One  is  described 
by  CAL  officials  as  a  high-energy  short- 
duration  tunnel;  the  other  will  be  a  low- 
density  shock  tube  capable  of  shock 
velocities  to  40,000  ft./sec. 

The  Wave  Superheater  is  not  ex- 
pected to  replace  conventional  short- 

duration  shock  tubes  or  tunnels,  as- 
serted Dr.  A.  H.  Flax,  CAL  vice  presi- 

dent and  technical  director.  But  Flax 
said  it  will  permit  heretofore-impossible 
laboratory  tests. 

With  such  long  duration  times,  in- 
stead of  the  more  usual  millisecond- 

range  systems,  new  materials  and  struc- 
tures testing  may  be  achieved.  And  the 

new  tunnel  also  provides  an  uncontami- 
nated  air  stream. 

Six  percent  or  more  of  carbon-com- 
pound flow  contamination  has  limited 

use  of  other  existing  hypersonic  tunnels, 
Flax  claimed;  these,  he  noted,  are  the 
types  used  so  far  for  re-entry  ablation 
studies.  With  availability  of  the  Wave 
Superheater,  said  Flax,  a  restudy  of 

SIX-TON  ROTOR  permits  continuous  hot  air  flow  in  new  hyper- 
sonic tunnel.  Rotor  is  driven  at  speeds  up  to  2700  rpm. 

MACH-15  TEST  section  of  the  Wave  Superheater  shown  looking 
upstream  into  nozzle.  Models  as  large  as  two  feet  in  diameter  may 
be  tested  for  up  to  15  sec.  in  this  long-duration  shock  tunnel. 
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many  ablating  materials  and  re-entry 
shapes  may  now  be  in  order. 

•  288-barrel  gun— Heart  of  CAL's 
hypersonic  facility  is  a  6-ton  rotor  built 
by  Twentieth  Century  Machine  Co.  of 
Utica,  Mich.  It  is  the  largest  precipita- 

tion-hardened stainless-steel  forging  ever 
made  by  U.S.  Steel. 

Built  at  a  cost  of  over  $350,000,  it 
is  designed  to  rotate  at  speeds  up  to 
2700  rpm  under  a  controlled  tempera- 

ture of  1160°R  to  minimize  thermal 
stress. 

The  rotor  was  fabricated  in  three 
22-in.-long  sections  of  rings.  Then,  288 
oblong  holes  measuring  0.55-in.  x  1.43 
in.  were  drilled  the  length  of  each  ring 
about  the  circumference.  When  as- 

sembled later,  the  slots  were  aligned 
to  an  accuracy  of  less  than  0.002  in., 
according  to  CAL.  Drilling  and  broach- 

ing alone  required  one  year's  time. Each  of  the  288  slots  serves  as  a 
shock  tube  that  is  fired  once  each  revo- 

lution. Thus,  when  the  rotor  is  driven 
at  a  high  angular  speed,  the  net  effect 
is  that  of  a  large  steady-flow  shock  tube 
operated  much  like  a  Gatling  gun  for 
hot  air  generation. 

As  the  huge  rotor  revolves,  each 
tube  passes  fixed  gas-supply  nozzles  at 
each  end  of  the  drum.  When  the  nozzles 
are  passed  at  a  high  translational  veloc- 

ity, the  result  functionally  is  that  of  a 
quick-opening  valve  analogous  to  the 
conventional  diaphragm  rupture  in  nor- 

mal shock  tubes. 

•  Complex  plumbing — A  vast 
amount  of  auxiliary  equipment  is  re- 

quired to  complete  the  flow  require- 
ments in  the  open-loop  system  and  to 

direct  and  process  the  various  gas 
streams. 

Each  terminates  at  the  specially  de- 
signed nozzles  at  the  ends  of  the  rotor. 

The  overall  system  is  a  blow-down  type, 
in  effect  consisting  of  four  blow-down 
devices  operating  simultaneously. 

Six  nozzles  at  the  rotor  ends  supply 
or  collect  the  gases  (five  are  at  the  col- 

lector end,  from  which  the  superheated 
air  flows) : 

1)  The  charge  nozzle  delivers  air 
to  be  superheated. 

2)  The  collector  nozzle  collects 
processed  air. 

3)  The  reclamation  nozzle  receives 
a  combination  of  the  driver  helium  and 
charge  air. 

4)  The  coolant  and  (5)  prime  noz- 
zles deliver  gases  to  the  rotor. 

6)  The  driver  gas  nozzle  is  at  the 
upstream  end  of  the  rotor. 

When  filled  with  charge  air,  each 
shock  tube  passes  the  driver  gas  nozzle, 
which  admits  a  slug  of  high-pressure 
helium.  The  resulting  shock  wave  com- 

presses, superheats,  and  accelerates  air 
toward  the  collector  end  of  the  tube, 
where  it  is  collected  and  added  to  the 
discharge  of  adjoining  tubes.  Each  tube 
faces  the  collector  nozzle  just  long 
enough  to  discharge  its  processed  air; 
rotation  continues  to  a  position  in  front 

of  the  reclamation  nozzle. 
The  latter  receives  the  spent  driver 

gas  adjacent  to  the  driver-driven  gas 
interface,  which  also  is  at  a  relatively 
high  pressure  and  temperature.  When 
the  pressure  of  the  spent  driver  gas  still 
in  a  tube  decreases  to  about  1  atms.,  it 
moves  past  the  reclamation  nozzle. 

The  tube  rotation  continues,  passing 
it  in  front  of  the  nozzle  supplying  cool- 

ant helium  and  thus  reversing  the  flow. 
The  tube  is  then  exposed  to  a  nozzle 
which  supplies  prime  gas  (helium)  at 
roughly  rotor  temperature  (700°F). 
This  establishes  a  uniform  flow  through 
the  tube,  affording  minimum  imped- 

ance to  the  charge  air  introduced  during 
the  next  cycle.  Each  complete  cycle  re- 

quires about  22  milliseconds. 
The  helium  driver  gas,  stored  at 

2000  psi,  is  regulated  by  a  throttle  valve 
that  controls  the  pressure  at  which  the 
helium  enters  two  100-ton  pebble 
(A1203)  furnaces.  Control  is  deter- 

mined by  the  shock  strength  required 
within  the  superheater  tubes.  In  the 
furnaces,  the  helium  is  preheated  to 
2160°R,  and  from  there  it  flows  to  the driver  nozzle. 

•  Mach  15  by  December — At  the 
present  time,  CAL's  Mach-6  tunnel  has 
been  calibrated.  It  is  an  atmospheric- 
discharge  type  employing  an  8-in.-dia.- exit  conical  nozzle.  The  tunnel  has  a 

model  injection  system  and  a  20-in.- 
square  test  section. 

The  Mach- 15  tunnel  recently  in- 

GASES  AND  AIR  required  during  operation  of  big  shock  tunnel  terminate  in  these  two 
reservoirs.  Tank  at  left  is  125,000-cu.-ft.  vacuum  container;  one  at  right  is  150,000-cu.-ft. 
diaphragm  pressure  vessel  for  helium  reclamation. 

10-TON  COOLER 
can  absorb  up  to  16 
thermal  megawatts 
of  heat.  It  has  888 
copper  tubes,  meas- ures 12  x  14  x  4  ft. 

TWO  100-TON  pebble  heaters  preheat  he- 
lium driver  gas  before  release  into  rotor 

shock  tubes.  Each  takes  20  lbs.  per  sec. 
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stalled  uses  a  large  vacuum  sphere  for 
discharge.  The  9>/2-ft.-dia.  nozzle  exit 
assures  a  test  section  capable  of  han- 

dling models  up  to  2  ft.  in  diameter.  The 
test  section  measures  20  ft.  in  diameter, 
with  a  6-ft.-dia.  flow  core. 

Test  runs  are  limited  to  15  sec.  by 
storage  and  heat  capacity  of  the  driver 
and  charger  gases  and  by  the  receiver 
vacuum  capacity.  Four  hours  are  re- 

quired to  recharge  after  a  full  period 
test  and  less  for  shorter  runs.  The  first 
Mach-15  test  run  will  be  made  early  in 
December,  CAL  officials  assert. 

Spent  process  gases  are  recovered 
in  a  150,000-cu.-ft.  diaphragm  storage 
tank.  Collected  air  passing  through  the 
tunnel  is  accumulated  in  a  125,000-cu.- 
ft.  vacuum  tank. 

Helium  is  reclaimed  after  each  test 
run  with  a  loss  of  less  than  5%. 

A  10-ton  cooler  employed  in  the 
operation  can  absorb  up  to  21,000 
horsepower  (or  16  thermal  megawatts). 
Measuring  12  x  14  x  4  ft.,  the  cooler 
holds  888  copper  tubes  for  heat 
dissipation.  8 

WAVE  SUPERHEATER  hypersonic  tunnel  rotor 
and  nozzles. 
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management 

Aeronutronic  Expanding  Production 

Shillelagh  cost  reduction  program  put  division  in  black; 

missile  and  other  programs  nearing  production 

by  Willard  E.  Wilks 

Newport  Beach,  Calif.  —  An 
Army-ordered  cutback  in  costs  of  the 
Shillelagh  missile  program  has  brought 
about  a  dramatic  improvement  in  the 
fiscal  position  of  the  Aeronutronic  Di- 

vision of  Ford  Motor  Co.  The  division 
is  now  gearing  itself  for  a  major  expan- 

sion from  research  into  production. 
Shillelagh  itself  is  in  the  advanced 

production  engineering  phase.  Aeronu- 
tronic, which  has  agreed  to  provide  fab- 

rication facilities  for  the  surface-to- 
surface  tactical  weapon,  now  must  de- 

cide whether  to  locate  fabrication  at  an 
existing  Ford  plant  or  a  new  plant  in 
the  East. 

Where  the  Shillelagh  will  be  built 
depends  to  a  large  extent  upon  the  1963 
public  demand  on  Ford's  automotive 
facilities,  says  Aeronutronic  General 
Manager  John  B.  Lawson.  Another  fac- 

tor affecting  location  is  availability  of 
government  loading  plants. 

"We  don't  want  big  production  here 
(at  Newport  Beach),"  Lawson  said, 
"since  research  and  production  don't 
mix." 

Last  month  the  division  announced 
the  opening  at  nearby  Santa  Ana  of  a 
16,000-sq.-ft.  off-site  production  facility 
which  will  handle  a  re-entry  hardware 
program  and  other  smaller  projects. 
Lawson  said  plans  call  for  growing  out 
of  that  facility  in  five  years. 

•  Bright  outlook — Aeronutronic  has 
"recently  moved  into  the  black,"  Lawson 
reported.  He  declined  to  say  that  this 
means  "well"  into  the  black,  but  he 
declared  that  "the  outlook  is  very 
encouraging." 

Lawson,  a  13-year  Ford  veteran 
who  took  charge  of  the  division  last 
May,  scored  as  "ridiculous"  rumors  that 
Aeronutronic  would  be  sold  or  merged 
with  Ford's  Philco  division.  He  said  he 
had  recently  reassured  defense  officials 
in  Washington  that  "there  are  no  plans 

to  dispose  of  the  company.  I  also  told 
them  that  when  we  acquired  Philco 
we  reviewed  the  merger  idea,  but  de- 

cided overlapping  of  interests  was  just 
fringe,  and  the  divisions  would  remain 

independent." Since  last  November,  when  the  Army 
ordered  Shillelagh  costs  brought  into 
line,  Aeronutronic  has  cut  its  work  force 
from  a  peak  of  3200  to  2400 — less  than 
half  the  5000-man  staff  which  had  been 
planned  for  the  $33-million  200-acre 
Newport  Beach  site  by  the  end  of  this 

year. 
The  Shillelagh  cut  held  down  sales 

growth — "without  it,  we  would  have 
had  another  20%  in  sales  now,"  Lawson 
noted — but  there  was  no  drop  otherwise. 

Fifty  experienced  production  per- 
sonnel from  other  Ford  divisions  have 

come  to  Aeronutronic  in  recent  months 

to  prepare  for  a  "major"  expansion  into 

production.  Lawson's  own  forte  with Ford  has  been  bringing  projects  from 
late  development  into  production. 

"Until  now  most  activity  has  been 
research,"  Lawson  said.  "Now  we  are 
beginning  to  move  into  production  in 

several  programs." Programs  or  products  going  into  or 
approaching  production  include  Shille- 

lagh— with  $42  million  received  to  date, 
the  biggest  of  the  58  contracts  now  in 
force;  a  classified  Air  Force  re-entry 
decoy  program;  the  Army  Tactical  Op- 

erations Center  (ARTOC),  recently 
fully  funded  to  $19  million  and  reach- 

ing acceptance  test  stage;  and  BIAX 
computer  memory  units. 

At  present,  the  BIAX  units  are  the 
biggest  production  item:  Dr.  Donal  B. 
Duncan,  assistant  general  manager,  says 
the  sale  of  more  than  50  has  exceeded 
Aeronutronic's  expectations  by  150%. 

JOHN  B.  LAWSON  (left),  general  manager,  and  DR.  DONAL  B.  DUNCAN,  assistant 
general  manager-operations,   discuss  future  plans  at  headquarters  of  Aeronutronic. 
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ROBER1  B.  KATKOV,  director  of  Aeronutronic's  Shillelagh  program. 

•  Breakthrough? — Most  celebrated 
news  at  Aeronutronic  recently  was  the 
award  of  a  re-entry  system  definition 
study  for  the  Air  Force's  Mobile  Me- dium Range  Ballistic  Missile  (MMRBM). 

Until  the  award  last  month,  Lawson 
observed,  the  field  was  "dominated  by 
two  companies  — ■  Avco  and  General 
Electric."  He  said  Aeronutronic,  sys- 

tem integrator  for  Blue  Scout,  sees  the 
contract  as  a  breakthrough  into  a  prom- 

ising new  market  area:  "The  Air  Force 
is  not  going  to  buy  more  missiles,  but 
will  improve  re-entry  systems.  We  ex- 

pect a  lot  of  re-entry  business  in  the 
next  five  years." The  division  also  expects  more 
Ranger  work  in  the  follow-on  program 
announced  by  NASA.  It  has  devised 
ways  to  obtain  more  lunar  surface  data 
for  Apollo  by  using  the  basic  capsule  it 
developed  (for  about  $10  million)  for 
the  second  Ranger  series. 

In  its  future  space  effort,  Aeronu- 
tronic will  concentrate  on  strictly  un- 

manned aspects,  says  Dr.  Robert  S. 
Carlson,  space  and  weapon  system  di- 

rector. "We  gradually  decided  it  wasn't realistic  for  us  to  compete  in  the  prime 
manned  program,"  Carlson  explained. 
"But  we  are  looking  into  anything  that 
ties  into  the  manned  program." 

•  R&D  buildup — In  another  area, 
Carlson's  group  has  important  contracts 
in  tracking  network  and  range  systems. 

Bidding  prime  with  Philco,  it  has 
proposals  for  a  real-time  computation 
system  for  Atlantic  Missile  Range  and 
a  ground  environment  system  for  Gem- 

ini and  Apollo. 
"We  see  a  lot  of  potential,"  Carlson 

said,  "in  tying  together  all  of  the  di- 
vision's capabilities  for  the  space  pro- 

gram— re-entry,  decoys,  controls  and 
displays,  advanced  computer  techniques, 
photographic  techniques,  communica- 

tions, range  system  analysis,  electronics, 
optics  and  propulsion  research." R&D  contracts  include  a  study  for 

NASA  of  possible  short  cuts  to  detect- 
ing life  on  other  planets;  an  investiga- 
tion for  the  Air  Force  of  man's  role  in 

the  aerospace  force  of  the  future;  and 
an  investigation  of  battle-damage  infor- 

mation display  techniques. 
While  expanding  in  production, 

Aeronutronic  seeks  substantial  growth 
in  R&D  activity.  "We  can  handle  nearly 
50%  more,"  Lawson  said.  "We  will 
build  up  to  capacity." Duncan  said  Aeronutronic  research 
effort  is  directed  by  two  considerations: 
A  firm  period  of  funding,  such  as  a  year, 
and  a  "discretionary,  relatively  large 
amount  of  funds"  for  exploratory research. 

"We  have  a  highly  directed  research 
program  for  something  like  two-thirds 
of  our  effort.  For  the  rest,  we  believe 
in  giving  the  research  people  their  head 
to  investigate  things  that  appear  to  them 
to  have  some  promise.  BIAX  is  an  ex- 

ample of  this."  Development  of  the tiny  BIAX  ferrite  computer  elements, 
some  20,000  of  which  go  into  a  single 
memory  unit,  has  given  the  division  its 
only  product  in  the  commercial  area. 

•  In  the  works — Division  research 
effort  includes  a  great  deal  of  emphasis 
on  materials  for  re-entry  vehicles.  These 
include  work  with  the  AUSFORM  high- 
strength  steel  process  developed  by  the 
Ford  Scientific  Laboratory.  Aeronu- 

tronic research  laboratory  has  done 
considerable  work  in  correlating  the 
AUSFORM  steel  in  relation  to  thermal, 
structural  and  mechanical  properties  of 
chemical  and  mechanical  history.  "We 
are  preparing  a  product  development 
with  it,"  Duncan  said,  adding  that  the 
material  is  being  supplied  to  solid 
motor-case  manufacturers. 

In-house  space  program  research  in- 
cludes extensive  investigation  aimed  at 

determining  how  unmanned  vehicles  can 
obtain  significant  information  from  the 
Moon  and  planets.  Extending  the 
Ranger  approach,  the  division  believes 

there  are  many  possibilities  for  semi- 
hard capsule  type  landings,  researchers 

having  found  that  "there  is  little  that 
cannot  be  hard-landed,  except  organ- 

isms, solid  rockets,  and  perhaps  vidicon 

tubes." 

One  possibility  the  division  may  offer 
NASA  for  the  Apollo  program  is  a 
capsule  that  would  be  released  from 
Apollo  while  in  lunar  orbit  to  descend 
and  obtain  landing  information  before 
descent  of  the  LEM  vehicle.  This  is 
included  in  in-house  investigation  of 
various  lunar-landing  aids  which  would 
provide  last-minute  pre-touchdown  in- 

formation for  Apollo-type  missions, 
such  as  surface  hardness.  Proposals 
have  been  made  to  LEM  competitors. 

A  proposal  for  Ranger  follow-on  is 
a  photographic  system  that  would  ob- 

tain pictures  of  the  lunar  surface  follow- 
ing Ranger's  landing.  The  system  would 

employ  an  extremely  slow  scanning 
technique  and  a  high-speed  development 
process  originally  devised  for  the 
ARTOC  display  system,  furnishing  a 
print  in  a  matter  of  seconds.  Duncan 
thinks  the  ARTOC  display  system  has 
significant  possibilities  in  other  areas. 

In  communications  technology, 
Aeronutronic  is  developing  under  Air 
Force  sponsorship  the  PACM  (Pulse 
Amplitude  Code  Modulation)  telemetry 
system,  which  is  able  to  handle  data  of 
a  variety  of  large  and  small  missiles  and 
provides  a  standardized  method  of 
sending  and  receiving  missile  and  satel- 

lite data  in  either  analog  or  digital  form, 
or  both. 

•  Changes  made — Since  taking  over 
at  Aeronutronic,  Lawson  has  scrapped 
the  division's  old  organization  in  line 
operations  groups  consisting  of  Elec- 

tronic Systems,  Computer  Products,  Re- 
search, Weapon  Systems,  Automotive 

Electronics  and  Space  Systems. 
In  a  move  to  further  centralize  sup- 

port and  service  functions  while  retain- 
ing the  necessary  individual  program 

visibility  and  control,  the  major  sub- 
divisions have  been  organized  into  five 

major  technical  programs — Shillelagh, 
Re-entry  Systems,  Electronics,  Space 
and  Weapon  Systems,  and  Research Laboratory. 

Until  the  reorganization,  the  opera- 
tions groups  had  all  of  their  own  mar- 

keting, finance  and  personnel  functions. 
These  were  centralized  in  a  division  i 
staff,  with  contract  administration  and 
program  control  functions  remaining! 
within  the  program  organizations.  Atl 
the  same  time,  in  most  cases,  reliability, 
product  qualification,  fabrication,  as-l 
sembly,  checkout,  product  planning, 
purchasing,  facilities  and  services  were 
lumped  in  an  operations  support  staff 
Division  size,  current  commitments  and 
planned  new  business  were  major  con-! 
siderations  determining  the  new  organ-J 
izational  approach,  Lawson  said.  *1 
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The  Industry  Week 

GD  Profits  This  Year 

General  Dynamics  Corp.,  which  in  1961 
showed  the  greatest  known  losses  of  any  com- 

pany in  history,  is  running  in  the  black  in  1962. 
More  than  $11  million  in  the  third  quarter 
brought  total  net  earnings  to  almost  $34  million 
for  the  first  nine  months  of  this  year. 

The  company's  earnings  this  year  are  not 
subject  to  Federal  income  taxes,  because  of  a  tax 
credit  resulting  from  last  year's  losses,  which 
amounted  to  $56,915,183  in  the  first  three  quar- 

ters of  1961. 

Industry  Facilities 
Orlando  Div.  of  Martin  Co.  has  consolidated 

all  its  thin-film  design,  production  and  testing 
operations  at  a  single  3500-sq.-ft.  facility — as  a 
department  of  Martin-Orlando's  Advanced  Tech- 

nology Group.  Only  related  effort  that  will  re- 
main outside  the  new  complex  is  research  into 

active  thin-film  devices  including  triode  ampli- 
fiers. Goals  of  the  new  setup  are  increased  relia- 
bility and  lower  production  costs  for  thin  films. 

.  .  .  Brown  Engineering  Co.,  Inc.,  Huntsville, 
Ala.,  has  completed  the  first  phase  of  its  new 
facilities  construction  program  at  Huntsville  Re- 

search Park.  Brown's  president,  Milton  Cum- 
mings,  says  the  new  facility  "has  substantially increased  our  engineering  and  manufacturing 

support  capabliity  to  the  missile  and  space  field." 
.  .  .  Armco  Steel  Corp.,  a  major  U.  S.  producer 
of  stainless  steel  bar  and  wire,  will  build  a  new 
2000-ton,  high-speed  forging  press  installation 
at  its  Baltimore  Works.  The  new  press — re- 

portedly among  the  largest  devoted  exclusively 
to  forging  stainless  steel — will  handle  ingots  up 
to  36  in.  in  diameter.  .  .  .  Aircraft  Armaments, 
Inc.,  Cockeysville,  Md.,  will  open  a  Pacific  divi- 

sion in  the  western  San  Fernando  Valley  by  the 
first  of  the  year.  AAI-Pacific  will  have  a  15,000- 
sq.-ft.  facility  for  defense  engineering  and  manu- 

facturing, but  arrangements  for  the  exact  site 
have  not  been  completed.  ...  In  a  move  to  boost 
productive  capacity  by  50%,  Kollmorgen  Corp.'s 
Inland  Motor  Corp.  of  Va.  has  opened  a  new 
10,000-sq.-ft.  addition  to  its  Radford,  Va.,  plant. 
Inland  Motor  makes  compact  precision  d-c  torque 
motors,  rotary  amplifiers  and  tachometer  gen- 

erators. .  .  .  Elco  Corp.  of  Philadelphia,  manu- 
facturer of  electronic  connectors,  has  opened  a 

new  52,000-sq.-ft.  plant  at  Huntingdon,  Pa.  The 
$350,000  plant  will  house  Huntingdon  Scientifics, 
Inc.,  and  Oak  Engineering  Co.,  Inc.,  two  Elco 
subsidiaries.  .  .  .  Phelps  Dodge  Electronics  Prod- 

ucts Corp. — recently  formed  to  provide  R&D  and 
applied  engineering  in  systems  communications 
— now  has  engineering  and  production  facilities 
at  North  Haven,  Conn.  Fabrication,  testing  and 
engineering  functions  occupy  51,500  sq.  ft.  at 
the  new  facility.  .  .  .  United  Technology  Corp., 
subsidiary  of  United  Aircraft  Corp.,  has  set  up 
a  new  technical  liaison  office  in  Houston.  George 
Alexander  will  head  the  new  office. 

Automatic  Checkout  Parley  Planned 

A  special  workshop  on  programing  languages 
for  automatic  checkout  is  being  planned  by  the 
Computer  Programing  Subcommittee,  Comput- 

ing Devices  Committee,  American  Institute  of 
Electrical  Engineers.  Those  interested  in  attend- 

ing such  a  workshop  should  send  name,  address 
and  brief  resume  to  Burton  Went,  Battelle  Me- 

morial Institute,  505  King  Ave.,  Columbus  1, Ohio. 

Organizational  Changes 

Dresser  Industries,  Dallas,  has  formed  a  new 
division,  Dresser  Vacuum,  at  the  New  England 
Industrial  Center,  Needham  Heights,  Mass.  Dres- 

ser Vacuum  will  develop  and  manufacture  pump- 
ing units,  components  and  complete  systems  for 

vacuum  technique  applications.  .  .  .  Four  activi- 
ties at  United  Technology  Corp.  have  been  con- 

solidated in  a  single  planning  and  marketing 
staff.  Existing  marketing,  contract  management, 
corporate  planning  and  product  development  or- 

ganizations will  make  up  the  new  staff,  reporting 
directly  to  Director  Melvin  Cohen.  ...  In  a  move 
reflecting  increasing  efforts  to  offer  a  "complete 
space  systems  package"  and  to  strengthen  its 
marketing  activities,  Philco  Corp.'s  Western  De- 

velopment Laboratories  has  established  a  Space- 
craft Systems  Marketing  Dept.  and  a  Space 

Systems  Support  Marketing  Dept.  Also,  field 
sales  offices  have  been  set  up  at  Washington, 
Cape  Canaveral,  Houston,  and  Los  Angeles  to 
implement  the  WDL  customer  development  pro- 

gram. .  .  .  Radio  Corp.  of  America's  Defense 
Electronic  Products  Organization  (DEP)  has: 
combined  its  Major  Systems  Div.  (MSD)  and 
its  Missile  Surface  and  Radar  Div.  (MS&RD), 
both  of  which  are  at  Moorestown,  N.J.;  and  set 
up  a  Systems  Engineering  Evaluation  and  Re- 

search Organization  (SEER) — formerly  the  sys- 
tems engineering  group  within  MSD.  MSD  was 

originally  established  to  manage  the  Ballistic 
Missile  Early  Warning  System  project,  now 
nearing  completion.  Purpose  of  the  shift  is  to 
make  available  to  all  DEP  divisions  MSD's  sys- tems capability. 

Signed,  Sold,  Delivered 

Gladding,  McBean  &  Co.,  Los  Angeles,  and 
Lock  Joint  Pipe  Co.,  East  Orange,  N.J.,  have 
merged  to  form  International  Pipe  &  Ceramics 
Corp.  The  new  firm's  ceramics  division — which 
retains  the  Gladding,  McBean  name — will  build 
a  $750,000  research  center  to  develop  ceramics 
applications  for  both  commercial  and  military 
markets.  .  .  .  Holly  Corp.,  Azusa,  Calif.,  has  sold 
assets  of  its  wholly  owned,  Santa  Ana,  Calif., 
subsidiary,  Standard  Rectifier  Corp.,  to  American 
Micro  Devices,  Inc.,  Pheonix,  Ariz.  .  .  .  Giannini 
Controls  Corp.,  Durante,  Calif.,  has  acquired 
Powertron  Ultrasonics  Corp.,  Plainview,  N.Y. 
Exchange  of  stock  is  involved  in  the  transaction. 
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Evidence  of  Russian  Missile  Pull-Out 

SOVIET  DISMANTLING  of  medium-range  ballistic  missile  sites  San  Cristobal.  Above,  the  site  is  rapidly  approaching  operational 
in  Cuba  is  graphically  shown  in  these  aerial  photos  of  a  site  near       status.  Below,  just  a  few  days  later,  the  site  is  virtually  abandoned. 

CAMOUFLAGE  REMOVED 

I  VACATED  LAUNCH  POSITION 

VACATED  LAUNCH 

MISSILE-READY  TENTS 

POSITION 

*■*  *  ,r*  ̂ flp     ■■■■  ■  ■  <3^b^ 

VACATED  LAUNCH  POSITIONI 
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contracts  and  procurements 

AWARDS 

AIR  FORCE 

$21,650,000 — General  Dynamics  Corp.,  San  Diego, Calif.,  for  continued  work  on  Atlas  missiles. 
$20,000,000  —  North    American    Aviation,  Inc., 

Downey,  Calif.,  for  production  of  guidance 
and  control  systems  for  Minuteman  missiles. 

$8,163,000 — Hughes  Aircraft  Co.,  Culver  City, 
Calif.,  for  production  of  missile  test  equipment. 

$5,400,000 — Hycon  Manufacturing  Co.,  Los  An- 
geles, for  missile  test  equipment  and  aerial 

reconnaissance  systems  (joint  venture  with 
Navy). 

$3,775,000 — Collins  Radio  Co.,  Dallas,  for  design 
and  fabrication  of  two  communications  sys- 

tems for  the  Atlantic  Missile  Range. 
$3,100,000 — Lockheed  Aircraft  Corp.,  Sunnyvale, Calif.,  for  work  on  space  programs  (2 

contracts). 

$2,000,000— Radio  Corp.  of  America,  New  York, for  work  on  Air  Force  space  programs.  Work 
to  be  done  at  Burlington,  Mass. 

$2,000.000 — Space  Technology  Laboratories,  Inc., 
Redondo  Beach,  Calif.,  for  work  on  space 
programs. 

$1,775,691 — General  Electric  Co.,  Philadelphia, 
for  design  and  development  of  a  target  for 
Nike-Zeus  anti-missile  missiles. 

$1,513,377 — Loral  Electronics  Corp.,  New  York, for  electronic  spare  parts. 
$1,000,000— Marquardt  Corp.,  Van  Nuys,  Calif., 

for  expansion  of  the  Air  Force-Marquardt  Jet 
Laboratory  at  Little  Mountain,  Utah. 

$435,000— Northrop  Corp.'s  Norair  Div.,  Haw- thorne, Calif.,  for  exploration  of  the  use  of 
exotic  columbium  and  molybdenum  metals  for 
aerospace  vehicles. 

$250,000 — Goodyear  Aircraft  Corp.,  Akron,  Ohio, 
for  a  study  of  correlation  guidance  system 
techniques. 

Fairchild  Stratos  Corp.,  New  York,  for  work  on 
the  AN-US-5  target  drone  (undisclosed amount) . 

ARMY 

$100,000,000— Ling  Temco  Vought,  Inc.,  Santa 
Monica,  Calif.,  for  development  and  produc- tion of  Missile  B. 

$4,500,000— Control  Data  Corp.,  Minneapolis, Minn.,  for  classified  electronic  equipment. 
$4,413,839— Thiokol  Chemical  Corp.,  Bristol,  Pa., 

for  Nike-Hercules  sustainer  motors.  Work  to 
be  done  at  Marshall,  Tex. 

$1,170,792— Western  Electric  Co.,  Inc.,  New  York, for  electronic  training  devices. 

$100,000 — Sylvania  Electronic  Systems,  Mountain View,  Calif.,  for  design,  production  and  in- 
stallation of  an  electronic  security  system  for 

the  Nike-Hercules  missile  program. 

Bendix  Corp.'s  Bendfx-PaciGc  Div.,  North  Holly- wood, Calif.,  for  a  feasibility  study  of  the 
guidance  unit  for  the  Derringer  weapon  sys- 

tem (undisclosed  amount). 

NAVY 

$132,800,000— General  Dynamics  Corp.'s  Electric Boat  Div.,  Groton,  Conn.,  for  two  additional 
Polaris  missile  submarines. 

$92,880,000— Newport  News  Shipbuilding  and  Dry- 
dock  Co.,  Newport  News,  Va.,  for  an  addi- 

tional Polaris  missile  submarine. 

$7,500,000 — Sperry  Gyroscope  Co.'s  Marine  Div., Syosset,  New  York,  for  management  and  in- 
tegration of  inertial  navigation  subsystems  for 

fleet  ballistic  missile  submarines. 

$5,881,478— Philco  Corp.,  Philadelphia,  Pa.,  for 
guidance  control  sections  for  Sidewinder missiles. 

$5,400.000— Hycon  Manufacturing  Co.,  Los  An- 
geles, Calif.,  for  missile  test  equipment  and 

aerial  reconnaissance  systems  (joint  venture 
with  Air  Force). 

$2,800,000— Vitro  Corp.,  of  America's  Vitro  Lab- oratories Div.,  Silver  Spring,  Md.,  for  engi- 
neering services  and  work  on  the  Terrier, 

Tartar  and  Talos  missile  systems. 

$2,500,000 — Thiokol  Chemical  Corp.,  Bristol,  Pa., 
for  liquid  propellant  rocket  engines. 

$242,000 — Operations  Research,  Inc.'s  Management Systems  Div.,  Silver  Spring,  Md.,  for  further 
implementation  of  the  reliability  maturing  in- 

dex system  throughout  the  Polaris  program  and 
for  further  sophistication  of  the  system. 

NASA 

$19,000,000— Pratt  &  Whitney's  Florida  Develop- ment Center,  West  Palm  Beach,  for  advanced 
work  on  the  RL-10  liquid  hydrogen  engine 
designed  for  upper  stage  use  with  the  Centaur 
and  Saturn  launch  vehicles. 

$7,376,379— Electro   Mechanical  Research  Corp., 
Sarasota,  Fla.,  for  systems  to  receive  instru- 

mentation measurements  sent  to  the  ground 
from  a  docking  spacecraft  and  launch  vehicle. 

$3,500,000— Sylvania  Electric  Products,  Waltham, 
Mass.,  for  development  of  optical  and  elec- 

tronic equipment  in  the  Orbital  Astronomical 
Observatory'- 

$1,950,000— Radiation,  Inc.,  Melbourne,  Fla.,  for 
digital  command  encoders  that  will  enable  each 
station  to  transmit  information  and  commands 
to  the  spacecraft. 

$1,725,000 — Collins  Radio  Corp.,  Dallas,  for  com- 
mand systems  that  will  perform  a  function 

similar  to  that  of  the  digital  command  en- 
coders— sending  information  and  commands 

to  a  docking  spacecraft. 

$1,163,700 — Quiller  Construction  Co.,  Los  Angeles, 
for  building  additions  to  the  Flight  Research 
Center,  Edwards,  Calif. 

$1,045,000 — Canoga  Electronics  Corp.,  Van  Nuys, 
Calif.,  for  tracking  antenna  acquisition  aid 
systems. 

$660.000 — Vitro  Corp.  of  America's  Vitro  Serv- 
ices Div.,  Fort  Walton  Beach,  Fla.,  for  pro- 

viding support  services  at  the  Marshall  Space 
Flight  Center's  Saturn  test  facility. 

$68,221 — Tulane  University,  New  Orleans,  for  a 
study  of  the  causes  of  high-energy,  low-fre- 

quency sound  waves  emitted  during  rocket 
tests. 

$45,107 — Raytheon  Co.,  Burlington,  Mass.,  for  op- eration and  maintenance  of  a  large  horn  to  be 
used  to  simulate  the  low  rumbling  sound  of 
rocket  firings. 

Dresser  Electronics,  SIE  Div.,  Houston,  for  the 
design  and  fabrication  of  a  spacecraft  hatch 
cover  (undisclosed  amount). 

Vickers  Inc.,  Detroit,  Mich.,  for  development  and 
testing  of  a  solid-fuel-rocket  attitude  control 
system. 

INDUSTRY 
$600.000 — Radiation,  Inc.,  Melbourne,  Fla.,  from 

Bell  Telephone  Laboratories,  for  data  handling 
equipment  for  the  Nike-Hercules  system. 

$400,000 — Menasco  Manufacturing  Co.,  Burbank, 
Calif.,  from  Westinghouse  Corp.,  for  Polaris 
launching  system  liquid  spring  shock  absorbers. 

$350,000 — Mandrel  Industries,  Inc.'s  Meg  Prod- ucts Div.,  Seattle,  Wash.,  from  Boeing  Co., 
for  umbilical  cable  assemblies  for  the  Minute- man  missile. 

D.  B.  Milliken  Co.,  Arcadia,  Calif.,  from  Space- 
General  Corp.,  for  DBM  3A  16mm  motion 
picture  cameras  to  record  the  deployment  and 
re-entry  orientation  of  NASA's  Inflatable  Mi- crometeorite  Paraglider  (IMP)  (undisclosed amount) . 

REQUESTS  FOR  BIDS 

GENERAL  PROCUREMENTS 

Contracting  Officer 
National  Aeronautics  and  Space  Administration 
Langley  Station 
Hampton,  Va. 
Services  and  materials  necessary  for  the  modifi- 

cation, design,  adaptation  and  furnishing  of  certain 
accessories  for  two  government  owned  wide  BC-4 
ballistic  cameras  in  accordance  with  NASA  Speci- 

fication L-2496-A.  Proposals  are  requested  on  a 
negotiated  fixed  price  basis  and  proposals  will  be 
evaluated  on  the  basis  of  factors  stated  in  the 
RFP  L-2496-A.  RFP  due  date  11-19-62. 

Ogden  Air  Material  Area Hill  Air  Force  Base,  Utah 
Attn:  Directorate  of  Procurement  and Production 
Rocket  retarding  Atlantic  Research  P/N 

D20550  or  Rocket  Power  P/N  D2547-11  or  Gen- 
eral Dynamics  P/N  27-04300-1  FSN  1340-703-0650 with  ammunition  data  law  MIL-L-9931,  124  each. 

Delivery  to  Hill  Air  Force  Base.  RFP  No.  42-600- 
63-1194-Q.  Approximate  due  date  11-22-62.  Ade- 

quate drawings  and  specifications  are  not  avail- able and  will  not  be  furnished.  Requests  for  pro- 
posals have  been  issued  to  the  following  firms: 

Atlantic  Research  Corp.,  Alexandria,  Va.;  Gen- eral Dynamics/ Astronautics,  P.  O.  Box  569,  San 
Diego,  Calif.;  Rocket  Power,  Inc.,  P.  O.  Box  231, 
Mesa,  Ariz.  For  further  information  contact  L.  D. 
Wilson/OOPAM,  Hill  Air  Force  Base,  Utah.  It  is 
suggested  that  small  business  firms  or  others  in- 

terested in  subcontracting  opportunities  in  con- nection with  these  procurements  make  direct 
contact  with  the  above  firms. 

General  Support  Div. Directorate  of  Procurement  and  Production 
U.  S.  Army  Missile  Command Redstone  Arsenal,  Ala. 
The  U.  S.  Army  Missile  Command  proposes  to 

procure  from  the  Northrop  Corp.,  Ventura,  Div., 
repair  parts  in  support  of  the  RP-76  target  missile 
system.  This  synopsis  is  to  publicize  possible  sub- contracting opportunities  and  all  inquiries  relative 
to  subcontracting  must  be  referred  to  Northrop 
Corp.,  Ventura  Div.,  Ventura,  Calif. 

Mauler  Project  Office 
U.  S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
Mauler  weapon  system  familiarization  courses 

and  new  equipment  training,  five  courses  of  in- structions. Deliveries  required  through  July  1963. 
Deliveries  to  General  Dynamics/Pomona,  Pomona, 
Calif.  No  available  drawings  or  specs  available  to 
support  competitive  procurement  and  lack  of 
Mauler  weapon  equipment  essential  to  support 
the  courses  preclude  award  to  any  other  than  the 
prime  contractor  General  Dynamics/Pomona.  All 
inquiries  relative  to  subcontracting  should  be  re- ferred to  General  Dynamics/Pomona,  a  division 
of  General  Dynamics  Corp.,  Pomona,  Calif. 
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products  and  processes 

New  Product  of  the  Week: 

Capacitance  Bridge 

Type  1615-A  precision  capacitance 
bridge  with  a  measurement  to  within 
±0.01%  direct-reading,  and  to  within 
one  part  per  million  by  comparison 
with  an  external  standard,  has  been  de- 

veloped by  General  Radio  Co. 
The  bridge  offers  six-figure  resolu- 

tion, with  an  overall  capacitance  range 
of  10- 17  to  10~6  farad.  Dissipation 
factor  range  is  0.000001  to  1  at  1  kc, 
direct-reading.  Frequency  range  is  ap- 

proximately 50  cps  to  10  kc. 

The  Type  1615-A  uses  a  set  of 
fingertip-control  levers,  with  in-line  dig- 

ital readout.  Chance  of  error  in  readout 
is  minimized,  as  the  significant  digits, 
decimal  point,  and  units  are  all  indicated 
automatically. 

Two-terminal  and  three-terminal  ca- 
pacitors can  be  measured,  the  latter  even 

in  the  presence  of  large  capacitances 
to  ground.  Thus  the  bridge  is  useful 
for  in-place  measurements  of  circuit 
capacitances. 

Circle  No.  225  on  Subscriber  Service  Card 

Controlled  Oscillator 

The  Model  V-510  Voltage  Con- 
trolled Oscillator  (VCO)  has  been  de- 

veloped by  Solid  State  Electronics  Co. 
for  accurate  conversion  or  carrying  ana- 

log dc  voltage  to  a  linearly  proportional 
sine  wave  frequency.  This  completely 
encapsulated  plug-in  unit's  all-solid-state 
design  insures  high  resistance  to  shock, 
vibration,  temperature  and  aging  effects. 
Standard  units  are  calibrated  for  opera- 

tion over  a  frequency  range  extending 
from  400  CPS  to  70  KCPS  within  IRIG 
bands  1  to  18  (±7.5%  frequency  devi- 

ation) and  A  to  E  (±15%  frequency 
deviation) . 

Circle  No.  226  on  Subscriber  Service  Card 

Environmental  Chamber 

A  combination  low-  and  high-tem- 
perature environmental  chamber  with 

a  range  from  —  125°F  to  600°F  is  avail- 
able from  Webber  Mfg.  Co. 

Model  WT-12-125  +  600,  automati- 
cally cycles  from  high  to  low  tempera- 
tures in  55  minutes,  and  reverses  these 

extremes  in  the  same  length  of  time. 

Accuracy  is  ±1°F  throughout  the  en- 
tire range.  Both  heating  and  cooling 

cycles  are  equipped  with  adjustable  (0 
to  100%)  input  controllers  and  includes 
programed  instrumentation. 

Other  features  include  a  heat  ex- 
changer, a  cascade  refrigeration  system 

with  thermal  capacity  of  3500  BTU  per 

hour  at  —  125°F. Circle  No.  227  on  Subscriber  Service  Card 

Spectrum  Data  Processor 

A  spectrum  resolver  integrator 
(Model  522)  which  requires  no  tape 
to  resolve  information  is  available  from 
Technical  Measurement  Corp.  The  522 
was  developed  to  operate  as  a  compati- 

ble resolver  with  all  400  series  TMC 
pulse  height  analyzers.  Information 
stored  in  any  desired  quarter  or  half 
of  the  analyzer  memory  can  be  in- 

stantly subtracted  from — or  added  to — 
information  stored  in  either  an  adjacent 
quarter  or  on  the  unselected  half.  By 
accumulating  or  reading  in  reference 
spectra,  the  individual  components  of  a 
complex  spectrum  may  be  removed  pro- 

viding concentration  opportunity  within 

the  range  selected.  With  instant,  one- 
step  reading,  the  522  reports  the  alge- 

braic sum  of  subtraction  or  addition  op- 
erations performed  in  100%,  1%  or 

0.1%  increments.  Integration  is  pos- 
sible within  any  selected  band  of  chan- 

nels from  0  to  399  in  one  operation. 
Circle  No.  228  on  Subscriber  Service  Card 

Cricket  Switch 

A  model  of  subminiature,  snap  ac- 
tion Cricket  Switch  that  combines  low 

plunger  differential  with  low  operating 
force  requirements  has  been  developed 
for  highly  sensitive,  narrow-tolerance 
applications  by  Fansteel  Metallurgical Corp. 

The  switch  has  a  maximum  of 
0.0005-in.  differential  between  snap- 
open  and  snap-close  and  requires  only 
two  ounces  or  less  operating  force.  It 
could  be  used  with  relays  having  low 
engaging  force,  for  gauges,  and  control 
systems  for  missiles. 

Circle  No.  229  on  Subscriber  Service  Card 

Photoelectric  Tape  Reader 

A  photoelectric  tape  reader  for 
applications  such  as  preflight  test  and 
checkout,  computer  loading  and  veri- 

fication, industrial  process  control,  data 
transmission  and  date-conversion  sys- 

tems is  available  from  Minneapolis- 
Honeywell. 

The  Model  7109,  available  in  8- 
or  6-channel  configuration,  is  bi- 

directional, with  a  28-volt  dc  control 
signal  to  reserve  tape  motion.  The  unit 
can  be  stopped  on  a  single  character 
by  external  command.  It  has  solid- 
state  circuitry  and  a  simplified  tape 
drive  system  to  reduce  the  number  of 

moving  parts.  The  reader  operates  at  J 
temperature  extremes  ranging  from! 
— 40°F  to  160°F.  It  stands  vibration! 

up  to  5  G's  at  5  to  500  cps,  and  15-GI 
shock  of  1 1 -milliseconds  duration.  It M 
is  immune  to  humidity,  sand,  dust  and  J 
explosions. 

Circle  No.  230  on  Subscriber  Service  Card 
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SYSTEMS  PROGRESS 

Solenoid  Valves 

Solenoid  valves  for  cryogenic  liquids 
and  gases  from  —  100°F  to  tempera- 

tures approaching  absolute  zero  are 
available  from  Automatic  Switch  Co. 
These  2-way  valves  with  Teflon  disc  and 
gaskets  are  packless.  They  handle  %  -in. 
and   Va-in.  pipe  sizes,   and   can  be 

mounted  in  any  position.  Available  with 
brass  or  stainless  steel  body,  the  valves 
are  normally  closed  and  for  a-c  voltage 
operation. 

Circle  No.  231  on  Subscriber  Service  Card 

Sampling  Multiplexer 
Towson  Laboratories,  Inc.,  offers  a 

Caplexer,  capacitive  sampling  multi- 
plexer. A  single  plug-in  board  accom- 

modates four  channels  of  analog  infor- 
mation with  external  programing.  Any 

number  of  channels  can  be  handled  by 
appropriate  assemblies  of  plug-in  boards. 

Analog  inputs  in  the  range  of  0  to 
±10  volts  can  be  sampled  with  effective 
sampling  apertures  of  0.25  microsecond 
or  less  at  rates  as  high  as  200,000  per 
sec.  Sampling  errors  of  less  than  0.5 
millivolt  are  available.  Single  ended  or 
balanced  inputs  can  be  provided.  Com- 

plete freedom  from  common  mode  prob- 
lems is  possible  on  balanced  input  de- 
vices. Cross-talk  is  unusually  low  with 

the  technique. 
Circle  Na.  232  on  Subscriber  Service  Card 

New  Rate  Gyro 

A  rate  gyro  using  piezoelectric  mate- 
rials and  advances  in  solid-state  elec- 

tronics has  been  developed  by  Anna 
Div.,  American  Bosch  Anna  Corp.  The 
G  14  will  measure  "angular  rate"  of 
drift  or  deviation  in  a  wide  variety  of 
aircraft,  space  and  missile  applications. 
It  is  suited  for  use  in  flight  testing,  sta- 

bilization, automatic  pilot  and  flight- 
control  systems. 

The  G  14  has  two-axis  configura- 
tion that  takes  full  advantage  of  the 

simple  structure  and  large  reaction 
toraues  of  the  conventional  spinning 
rotor.  The  gyro  rotor  is  centered  in  the 
structural  rotor  by  two  pairs  of  ortho- 

gonally-positioned   rods.  Piezoelectric 

cartridges  sense  changes  in  tension  in 
these  rods  and  provide  the  electrical 
output  of  the  gyro.  The  output  is  a 
composite,  two-axis  voltage  which  is  re- 

solved in  a  narrow-band  amplifier  and 
two  demodulators. 

Circle  No.  233  on  Subscriber  Service  Card 

Helium-Cryopumped  System 
Arthur  D.  Little,  Inc.  has  developed 

a  helium-cryopumped  space  simulation 
system.  The  ADL  Cry-Torr  includes 
both  nitrogen-  and  helium-cooled  panels 
arrayed  to  provide  cold  black  walls  and 
rapid  cryogenic  pumping  to  meet  the 
thermal  and  ultra  high-vacuum  require- 

ments of  second-generation  space  simu- 
lation chambers. 

Cryopumping  in  the  250  cu.  ft. 
chamber  achieves  pumping  speeds  of 
more  than  150,000  liters  per  second 
for  nitrogen  gas  and  1 ,000,000  liters  per 

second  for  water  vapor,  both  at  1  x  10"8 
torr.  These  pumping  speeds  have  pre- 

viously required  large-scale  chambers 
and  the  need  for  numerous  diffusion 
pumps.  Ultimate  design  pressure  of  the 

system  is  below  1  x  10"9  torr. Circle  No.  234  on  Subscriber  Service  Card 

Transistor  Amplifiers 

Compact  dc  amplifiers  are  available 
from  Kane  Engineering  Laboratories. 
The  instruments  are  for  general  use  in 
electronic,  chemical  and  aeronautical 
research  and  development.  Carefully 
optimized  transistorized  circuitry  assures 
accurate  gain  and  low  drift.  Recovery 
from  overload  voltages  is  practically  in- 

stantaneous. Full  use  is  made  of  negative 
feedback  advantages.  Units  are  powered 
by  two  9-volt  batteries.  Small  test  jacks 
are  installed  on  front  panels  to  allow 
battery  checks.  The  amplifiers  are  non- 
inverting,  i.e.,  positive  input  polarity 
yields  positive  output.  A  balance  ad- 

justment is  provided  to  set  zero  output 
for  zero  input.  A  front  panel  switch  per- 

mits the  choice  of  two  accurate,  stable 
voltage-gain  values  of  2C  and  4C  db. 

Circle  No.  235  on  Subscriber  Service  Card 

Quartz  Oscillator 

Improved  accuracy  in  primary  fre- 
quency and  time  standard  is  provided 

by  a  highly  stable  quartz  oscillator  avail- 
able from  Hewlett-Packard  Co.  The 

oscillator,  Model  104AR,  has  a  long- 
term  stability  of  5  parts  to  1 010  per  day. 
Typical  short-term  stability,  based  on  a 
1-sec.  average  and  reasonably  constant 
environment  is  5  parts  in  1011. 

Model  104AR  provides  a  5-mc  out- 
put of  extreme  spectral  purity.  Because 

of  this  feature,  the  instrument  is  par- 
ticularly useful  for  microwave  spec- troscopy. 

Circle  No.  236  on  Subscriber  Service  Card 

RADARSCOPE  RECORDING  SYSTEM 
IN  ONE-FIFTH  CUBIC  FOOT 

The  Electro-Optical  Department  of  CSC  has 
developed  a  Radarscope  Recording  Cam- 

era System  that  simultaneously  photo- 
graphs radar  images  and  records  such 

data  as  time,  range  and  directional  orien- 
tation. CSC  assumed  responsibility  for 

the  design  and  production  of  this  system 
from  Bell  &  Howell  Company  about  mid- 

way through  the  program. 
Weighing  less  than  13  pounds,  the  system 
uses  a  negative  lens  to  photograph  a 
radarscope  through  a  port  at  the  rear 
of  the  cathode  ray  tube.  A  data  chamber 
produces  time-correlated  information, 
reflected  through  a  lens  by  two  mirrors, 
for  recording  on  the  same  frame  of  35 
mm  film.  Careful  design  for  field  use 
allows  calibration  and  service  without  spe- 

cial tools.  Assemblies  can  be  removed 
easily  and  replaced  quickly. 

Electro-Optical,  producing  military  and 
commercial  cameras,  optical  systems  and 
precision  optics  from  conventional  and 
exotic  materials,  is  one  of  the  divisions  of 
CSC.  Others  design  and  build  systems 
for  analog  and  digital  data  handling,  test- 
stand  instrumentation  and  recording,  pre- 

cision pressure  measurement,  telemetry, 
and  industrial  control.  For  details  on  appli- 

cations of  custom  systems  in  your  area 
of  interest,  call  your  nearest  CSC  regional 
office  or  write: 

CONSOLIDATED 

CORPORATION 

1500  So.  Shamrock  Ave.  •  Monrovia,  California 
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names  in  the  news 

ALEXANDER EGERTON FLEMING 

Robert  G.  Brown:  Named  director  of  the  Titan  11  program 
at  the  Milwaukee  plants  of  the  AC  Spark  Plug  Div.  of  General 
Motors. 

Dr.  Marvin  H.  Gold:  A  leading  rocket-propellant  chemist, 
awarded  the  Navy  Meritorious  Public  Service  Citation  for  his 
contributions  to  high-energy  rocket  propulsion  for  advanced 
Polaris. 

George  Alexander:  Appointed  manager  of  United  Tech- 
nology Corp.'s  new  field  office  in  Houston. 

Roger  M.  Daugherty:  Appointed  manager  of  the  Communi- 
cations Dept.  of  Allen  B.  Du  Mont  Laboratories,  Clifton,  N.J. 

Dr.  Harry  J.  Watters:  Appointed  chief  defense  engineer. 
Defense  Engineering,  Radio  Corp.  of  America,  New  York  City. 

OFFICE  SPACE 

JUST  A  STEP 

ACROSS  THE  STREET   FROM   NASA  —  HOUSTON 
Permanent  facilities  are  available  adjoining  the 
new  Manned  Spacecraft  Center  in  Houston.  The 
buildings  are  designed  to  accommodate  labora- 

tory, engineering,  clerical  and  administrative 
functions  with  sufficient  room  for  expansion. 
They  are  part  of  a  planned  community  of 
homes,  apartments,  shopping  and  recreation 
facilities.  Write  for  full  information. 

NASSAU  BAY 
Downtown  Office:  327  Houston  Bank  &  Trust  Bldg. ,  Houston,  Texas 

William  F.  Cairns,  Jr.:  Named  executive  vice  president  and 
vice  president-manufacturing  of  Maxson  Electronics  Div.  of 
Maxson  Electronics  Corp.,  New  York  City. 

Milo  J.  Bowen:  Appointed  product  manager  for  Robertshaw- 
Fulton's  Bridgeport  Thermostat  Div.,  Milford,  Conn. 

Robert  E.  Dunham:  Appointed  manager  of  contract  sales  for 
E.  W.  Bliss  Co.'s  Heavy  Equipment  Div.,  Canton,  Ohio. 

Henry  C.  Egerton:  Appointed  vice  president  of  General  Time 
Corp.  and  general  manager  of  the  Stromberg  Div.,  Thomaston, 
Conn. 

Dr.  Edgar  A.  Sack,  Jr.:  Appointed  engineering  manager  of 
the  Westinghouse  Molecular  Electronics  Div.,  Pittsburgh. 

Dr.  L.  E.  Godycki:  Appointed  manager  of  materials  research 
for  the  Trimpot  Div.  of  Bourns,  Inc.,  Riverside,  Calif. 

David  M.  Fleming:  Appointed  assistant  to  the  president  at 
United  Technology  Corp.,  Sunnyvale,  Calif. 

Leonard  I.  Matless:  Elected  vice  president  in  charge  of  engi- 
neering and  design  of  Kelmore,  Inc.,  Newark,  N.J. 

Robert  L.  Stell:  First  Atlas  project  officer  at  Cape  Canaveral, 
joined  Pan  American  World  Airways  Guided  Missile  Range  Div. 
as  manager  of  the  Pershing  and  MMRBM  programs  and  Project Fire. 

Wayne  G.  Norton:  Appointed  vice  president-general  manager 
of  Optical  Gaging  Products,  Inc.,  Rochester,  N.Y. 

Roy  H.  McGregor:  Appointed  manager  of  aerospace  market- 
ing and  contracts  for  Beech  Products,  Inc.,  Rochester,  N.Y. 

Edward  J.  Bresnen:  Named  manager  of  material  of  the  Trim- 
pot  Div.  of  Bourns,  Inc.,  Riverside,  Calif. 

E.  W.  .Sinister:  Named  vice  president  of  international  opera- 
tions for  the  E.  W.  Bliss  Co.,  Canton,  Ohio. 

Walter  T.  Banziger:  Named  site  director  for  installation  of 
the  new  Strategic  Air  Command  Control  System  at  SAC  Eighth 
Air  Force  headquarters,  Westover,  Mass. 

William  H.  Brearley,  Jr.:  Appointed  director  of  program 
management  for  the  Aerospace  Components  Div.  of  Atlas  Chem- 

ical Industries,  Inc.,  Wilmington,  Del. 

Dr.  Urner  Liddel:  Named  chief  of  sciences  for  lunar  plane- 
tary programs  in  NASA's  Office  of  Space  Sciences,  Washington, D.C. 

Dr.  James  T.  Waber:  Named  recipient  of  the  Willis  Rodney 
Whitney  Award  for  1962,  presented  by  the  National  Assn.  of 
Corrosion  Engineers.  Dr.  Waber  is  with  the  Los  Alamos  (N.M.) 
Scientific  Laboratory  Chemistry  and  Metallurgy  research  division. 
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-when  and  where- 

NOVEMBER 

Eighth  Annual  Conference  on  Magnetism 
and  Magnetic  Materials,  ERE,  Penn- 
Sheraton  Hotel,  Pittsburgh,  Nov.  12-15. 

Retardation  and  Recovery  Symposium, 
sponsored  by  Aeronautical  System 
Div.'s  Flight  Accessories  Laboratory, 
Imperial  Motel,  Dayton,  Ohio,  Nov. 
13-14. 

National  Symposium  on  Materials  Com- 
patibility and  Contamination  Control 

Processes,  Society  of  Aerospace  Ma- 
terials and  Process  Engineers,  Holly- 
wood Roosevelt  Hotel,  Hollywood, 

Calif.,  Nov.  13-15. 
Seventeenth  Annual  Meeting  and  Space 

Flight  Exposition,  sponsored  by  ARS, 
Pan  Pacific  Auditorium,  Los  Angeles, 
Nov.  13-18. 

Mid-America  Electronics  Conference,  IRE, 
Hotel  Continental,  Kansas  City,  Mo., 
Nov.  19-20 

ASME  Winter  Annual  Meeting,  Statler 
Hilton  Hotel,  New  York  City,  Nov. 
25-  30. 

Western  States  Section  Meeting,  The  Com- 
bustion Institute,  Aerojet-General  Corp., 

Sacramento,  Calif.,  Nov.  26-27. 

American  Nuclear  Society  and  Atomic  In- 
dustrial Forum,  Winter  Meeting  and 

Atom  Fair,  Sheraton-Park  and  Shore- 
ham  Hotels,  Washington,  D.C.,  Nov. 
26-  28. 

American  Institute  of  Electrical  Engineers, 
Machine  Tools  Conference,  Statler  Hil- 

ton Hotel,  Detroit,  Nov.  26-28. 
Environmental  Testing  Seminar,  sponsored 

by  Gulton  Industries,  Inc.,  Metuchen, 
N.J.,  Nov.  26-30. 

Radio  Technical  Commission  for  Aero- 
nautics, Fall  Meeting,  Marriott  Motor 

Hotel,  Washington,  D.C.,  Nov.  27-29. 

Human  Factors  Society  Annual  Meeting, 
Barbizon-Plaza  Hotel,  New  York  City, 
Nov.  28-30. 

1962  Ultrasonics  Symposium,  Institute  of 
Radio  Engineers,  Columbia  University, 
New  York  City,  Nov.  28-30. 

DECEMBER 

Vehicular  Communications  Conference,  In- 
stitute of  Radio  Engineers,  Disneyland 

Motel,  Los  Angeles,  Dec.  6-7. 
Unconventional  Inertia!  Sensors  Sympo- 

sium, Republic  Aviation  Corp.,  Farm- 
ingdale,  N.Y.,  Dec  10-11. 

Symposium  on  Structural  Dynamics  Under 
High-Impulse  Loading,  sponsored  by 
AFOSR  (Mechanics  Div.)  and  Aero- 

nautical Systems  Div.,  Wright-Patterson 
AFB,  Dayton,  Ohio,  Dec.  17-18. 

Space  Physics  Meeting,  American  Rocket 
Society  and  American  Assn.  for  Ad- 

vancement of  Science,  Philadelphia, 
Dec.  26-31. 

American  Astronautical  Society  Sympo- 
sium on  Scientific  Satellites-Mission  and 

Design,  Franklin  Hall,  Philadelphia, 
Pa.,  Dec.  27. 

JANUARY 
Ninth  Annual  American  Astronautical  So- 

ciety Meeting,  Statler  Hilton  Hotel,  Los 
Angeles,  Calif.,  Jan.  15-17. 

Ninth  National  Symposium  on  Reliability 
and  Quality  Control,  Sheraton-Palace 
Hotel,  San  Francisco,  Calif.,  Jan.  22-24. 

Fifth  Annual  Army  Aviation  Contract 
Services  Symposium,  sponsored  by  Na- 

tional Aeronautical  Services  Associa- 
tion, International  Inn,  Washington, 

D.C.,  Jan.  28. 
Fourth  Annual  Solid  Propellant  Rocket 

Conference,  American  Rocket  Society, 
Bellevue  Stratford  Hotel  and  the 
Franklin  Institute,  Philadelphia,  Pa., 
Jan.  30-Feb.  1. 

Advertisers'  Index 
American  Telephone  & 

Telegraph  Co.  
Agency — N.  W.  Ayer  &  Son 

Beech  Aircraft  Corp  32,  33 
Agency — Bruce  B.  Brewer  &  Co. 

Consolidated  Controls  Corp   11 
Agency — Sutherland-Abbott  Adv. 

Consolidated  Electrodynamics 
Corp.    28 
Agency — Hixson  &  Jorgensen,  Inc. 

Consolidated  Systems  Corp   40 
Agency — John  B.  Shaw  Co.,  Inc. 

Dow  Corning  Corp   48 
Agency — Church  &  Guisewite Adv.,  Inc. 

Elgeet  Optical  Co.,  Inc   6 
Agency — The  Wexton  Co.,  Inc. 

General  Electric  Co   18 
Agency — George  R.  Nelson,  Inc. 

Hughes  Aircraft  Co   47 
Agency — Foote,  Cone  &  Belding 

Lockheed  Missiles  &  Space  Co-  24,  25 
Agency — Hal  Stebbins,  Inc. 

Motorola  Inc.,  Military 
Electronics    2 
Agency — Charles  Bowes  Adv.,  Inc. 

Nassau  Bay    44 
Agency — The  Drake  Adv.  Agency 

Republic  Aviation  Corp   3 
Agency — Deutsch  &  Shea  Adv. 

Space  Technology  Labs.,  Div.  of 
Thompson  Ramo  Wooldridge 
Corp.    8 
Agency — Fuller  &  Smith  &  Ross,  Inc. 

Titanium  Metals  Corp.  of 
America    7 
Agency — W.  L.  Towne  Co.,  Inc. 

Engineers 

West  Coast 

Opportunities 

SENIOR  ENGINEERS 

Vacuum 

Cryogenics Mechanical  Systems  Design 
With  a  background  of  staff  technical  super- 

vision on  design  and  studies  of  space  or  missile 
test  facilities.  Experience  should  be  on  large 
systems  both  operational  and  environmental. 

ENGINEERS 

Radiation  Shielding 

Design  engineer  with  experience  on  nuclear 
power  plants  or  space  facilities. 
Relocation  allowances  cover  moving  costs  plus 
transportation  reimbursement  for  you  and  mem- 

bers of  your  family.  Please  send  a  resume  of 
experience,  including  your  present  and  required 
salary  to: 

Box  81 
Missiles  and  Rockets  Magazine 

1001  Vermont  Ave.,  N.W. 
Washington  5,  D.  C. 

ALL  REPLIES  HELD  CONFIDENTIAL 

M/R  BUSINESS  OFFICES 

Washington  5,   D.C. — 1001  Vermont  Avenue, 
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editorial . 

Grumman  to  the  Moon 

AWARD  of  the  Lunar  Excursion  Module  contract 
to  Grumman  Aircraft  Engineering  Corp.  marks 

the  end  of  a  bitter  scientific  dispute  on  the  lunar 
program  that  went  all  the  way  to  President  Kennedy. 

The  manner  in  which  the  disagreement  was  con- 
ducted was  not  particularly  appetizing,  bordering  at 

times  on  insubordination  in  public  view. 
Scientists  certainly  are  obliged  to  back  their  own 

viewpoint  on  a  subject  as  technical  as  this  one.  But 
it  has  seemed  that  everytime  the  lid  was  nailed  down 
on  the  lunar  orbital  rendezvous  mission,  someone 
pried  it  open  again. 

In  addition  to  their  obligation  to  differ,  the  scien- 
tists on  the  NASA  team  who  hold  varying  opinions 

also  have  an  obligation  to  go  along  with  an  opposition 
decision  once  a  firm  commitment  has  been  made. 

This  has  not  been  the  case.  Despite  a  firm  com- 
mitment from  Apollo  boss  D.  Brainerd  Holmes  to 

the  LOR  approach,  the  opposition  case  was  carried  to 
the  President's  science  advisor,  Dr.  Jerome  Wiesner, and  to  the  President  himself. 

Top  NASA  officials  found  themselves  in  the  un- 
comfortable position  of  having  to  defend  their  LOR 

decision  to  the  President  literally  in  mid-air,  during 
his  recent  flying  tour  of  space  agency  facilities.  As  a 
result,  the  final  decision  on  the  LEM  contractor  had 
to  await  White  House  approval. 

NASA  Administrator  James  Webb  made  it  plain 
that  he  himself  was  making  the  final  decision — but 
we  wonder  what  would  have  happened  if  the  White 
House,  convinced  by  the  opposition  faction,  had 
disagreed  with  Mr.  Webb. 

The  timing  of  the  announcement  also  leaves  the 
award  open  to  the  charge  that  it  was  judged  for  po- 

litical effect.  This  is  not  to  say  that  Grumman  won 
the  award  through  politics.  In  fact,  the  truth  was  just 
the  opposite.  For  some  weeks,  it  has  been  reported 
that  Grumman  was  first  in  the  technical  competition 
and  ranked  high  in  its  management  proposal. 

But  it  was  plain  that  announcement  of  the  award 
to  Grumman  could  not  help  the  hopeless  Democratic 
situation  in  New  York,  while  the  loss  of  the  award 
could  have  had  a  political  effect  in  other  states — such 
as  California  and  Maryland. 

Holding  of  the  announcement  until  the  day  after 
the  election  reduced  its  negative  effect  to  a  minimum. 
We  certainly  must  congratulate  the  Administration 
on  not  using  a  contract  as  important  as  this  as  a 
political  plum.  But  we  do  wish,  somewhat  naively, 
that  the  political  strings  did  not  show  quite  so  plainly 
in  the  timing  of  the  award. 

WE  WARMLY  congratulate  Grumman  on  its 
ability  to  win  what  has  been  one  of  the  toughest 

competitions  to  date  in  the  lunar  program.  This  was 
a  contest  in  which  all  of  the  entries  displayed  ex- 

tremely high  technical  competence.  We  have  had  that 
assurance  from  Brainerd  Holmes  himself. 

Grumman,  preoccupied  for  years  with  the  manu- 
facture of  extremely  fine  aircraft,  has  been  one  of 

the  last  of  the  airframe  companies  to  move  strongly 
into  the  Space  Age.  When  it  did  make  the  decision, 
it  went  about  the  job  with  the  same  technical  com- 

petence that  distinguished  its  aircraft  designs.  There 
can  be  no  higher  testimony  to  that  than  the  winning 
of  the  LEM  contract  against  the  most  skilled  op- 

ponents in  the  land,  companies  which  got  their  start 
in  space  technology  well  ahead  of  the  New  York 
firm. 

If  the  astronaut  at  the  controls  of  LEM  when 
it  backs  onto  the  lunar  surface  is  a  former  Navy  pilot, 
he  most  certainly  will  have  full  confidence  in  the 
vehicle  he  is  flying. 

We  hope  that  confidence  will  not  in  any  way  be 
impaired  by  further  scientific  wrangling  within  NASA 
over  the  LOR  approach. 

Full  study  now  has  been  given  to  the  subject. 
There  is  no  question  that  Earth  orbital  rendezvous 
and  direct  flight  with  a  two-man  spacecraft  offer 
attractive  alternative  methods  for  a  lunar  landing. 
But  LOR  appears  to  meet  all  the  safety  and  mission 
requirements,  while  offering  substantial  savings  both 
in  money  and  time. 

The  time  lost  would  be  significant  if  a  shift  now 
were  made  to  another  approach.  For  as  long  as  beat- 

ing the  Russians  to  the  Moon  remains  a  national 
objective,  this  must  be  the  guiding  factor.  Money  is 
secondary — although,  in  this  case,  there  also  is  a 
financial  saving. 

The  President  has  stated  the  objective.  Every 
effort  must  now  be  made  to  achieve  it. 

We  hope  that  those  within  NASA  and  the  White 
House  who  have  questioned  the  LOR  approach  will 
now  support  it  fully  without  further  questioning. 
Continued  haggling  over  the  decision  can  only  lead 
to  delays  which  cannot  be  countenanced.  Anyone  on 
the  team  who  is  not  prepared  to  give  his  fullest  effort 
should  resign  and  make  way  for  someone  who  will. 

This  program  is  too  important  for  petty  bickering. 
It  was  just  a  year  ago  that  the  award  of  the  initial 
Apollo  contract  to  North  American  Aviation  was  an- 

nounced. The  fact  that  it  has  taken  twelve  months 
to  reach  the  final  decision  on  LOR  is  all  the  more 
reason  it  must  now  be  given  wholehearted  support. 

William  J.  Coughlin 
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Finish  the  moon  shot 

Jules  Verne  began 

72  years  ago! 

Science  fiction  pioneer  Jules 
Verne  foresaw  problems  in  hitting 
the  moon.  His  fictional  moonship 
missed  its  mark,  after  nearly 
colliding  with  a  meteor.*  Now, 
72  years  later,  Hughes  offers  you 
the  opportunity  to  be  part  of  a 
real  moon  project. 

Help  us  soft-land  the  SURVEYOR  01 
the  moon  with  a  package  of  delicate 
test  instruments.  Or  work  with 
us  on  other  sophisticated  projects: 
SYNCOM  (synchronous-orbit communications  satellite); 
VATE  (versatile  automatic  test 

equipment;  Anti-ballistic Missile  Defense  Systems 
(boost-intercept,  mid-course, 
terminal)  and  many  others. 
Positions  are  open  for  senior 
and  junior  control  engineers, 
circuit  designers,  electronic 
weapon  systems  analysts, 
mechanical  engineers  and 
infrared  specialists,  with  degrees 
from  an  accredited  university. 

Please  airmail  your  resume  today  to: 
Mr.  Robert  A.  Martin 
Head  of  Employment 
Hughes  Aerospace  Divisions 
11940  W.  Jefferson  Blvd. 
Culver  City  7,  California 

Creating  a  new  world  wilh  ELECTRONICS 
I  1 

:  HUGHES  I 

AEROSPACE  DIVISIONS 
An  equal  opportunity  employer. 

*In  Verne's  1890  novel,  "From  the  Earth  to 
the  Moon,"  his  spaceship,  "Columbiad," was  launched  from  Tampa,  Florida— just 
120  miles  from  Cape  Canaveral!  After 
missing  the  moon,  the  craft  returned  to 
earth  at  115,200  miles  an  hour.  It  plunged 
into  the  sea,  popped  to  the  surface  — and 
the  three  men  inside  were  found  "playing 

at  dominoes." Bettman  Archive 



SILICONE  NEWS  from  Dow  Corning 

For  ultrahigh  vacuum.. 

New  silicone  fluid  produces  pressure 

in  the  range  of  2xl010  Torr  .  .  . 

Now.  ultrahigh  vacuum  can  be  achieved  .  .  .  without  refrigeration  ...  by 
specifying  the  new  silicone  diffusion  pump  fluid.  Dow  Corning  705.  New 
Dow  Corning  705  makes  possible  the  attainment  of  vacuua  to  2  x  10'10  Torr 
.  .  .  even  higher  vacuua  with  refrigeration.  In  addition,  it  offers  the  excep- 

tional properties  unique  to  all  Dow  Corning  silicone  diffusion  pump  fluids. 
These  include: 

Greater  stability.  Dow  Corning  silicone  fluids  offer  superior  resistance 
to  oxidation  .  .  .  will  not  decompose  into  gums  or  tars  or  lose  vacuum 
pumping  properties.  They  recover  15  to  20  times  faster  than  conventional 
organic  fluids  after  exposure  to  air,  and  eliminate  the  need  to  cool  pumps 
before  releasing  vacuum. 

M  Six  of  these  giant  32-inch  diffusion  pumps 
T  evacuate  tin-  3,000  cubic  foot,  hi«h  alti- 

tude-temperature space  chamber  at  the  new 
Space  Environments  Laboratory  of  Fairchild 
Camera  ami  Instrument  Corporation's  Defense Products  Division,  Syosset,  New  York.  De- 

signed fnr  testing  vehicles,  systems  and 
sensors  in  environments  simulating  altitudes 
up  to  380  miles,  at  temperatures  from  — 100 to  300  F.  this  ultrahigh  vacuum  chamber  lias 
achieved  a  pressure  of  4  x  10"'-'  mm  Hg. Dow  Corning  Diffusion  Pump  Fluid  was 
chosen  to  achieve  the  ultrahigh  vacuum 
required  in  this  system. 

Cleanliness.  Breakdown  tests  on  pump 
fluids  were  made  with  diffusion  pump  jet 
assemblies.  The  encircled  jet  shown  was 
cycled  1.100  times  with  a  Dow  Corning 
silicone  fluid.  Organic  fluids  in  other  pump 
failed  much  earlier. 

Inertness.  Silicone  fluids  are  chemically 
inert,  noncorrosive  and  non-toxic.  They  do 
not  react  with  metals  and  are  unaffected  by 
moisture.  Also  available  is  a  Dow  Corning 
fluid  that  resists  gamma  radiation. 

Typical  applications:  production  of  TV  and 
other  cathode  ray  tubes,  electron  micros- 

copy, vacuum  coating  of  glass,  vacuum 
metallurgy,  and  vacuum  metalizing  of  plas- 

tics. Select  the  fluid  best  in  your  application 
from  the  enlarged  line  of  Dow  Corning 
diffusion  pump  fluids. 

Write  for  complete  information  on  special  sili- 
cone fluids  for  ultrahigh  vacuum  systems. 

Address  Dow  Corning  Corporation,  Dept.  6235, 
Midland,  Mic  higan. 
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Spinning  on  a  cushion  of  hydrogen  gas  instead  of  ball  bear- 
ings, it  out-survives  its  predecessor— the  best  until  now— six 

times  over.  It  takes  torturous  G  forces  without  performance 
loss... shrugs  off  temperature  change  and  magnetic  field 
interference.  Its  slew  rate  is  three  times  better  than  the  next 
best.  Its  random  drift  is  almost  non-existent.  Its  time-proven 

"ligament  suspension"  system  guarantees  reliability.  It  is 
SPERRY   GYROSCOPE  COMPANY. 

the  sum  of  40  factors  of  design  excellence.  It  is  efficiently 

compact— 1 /6th  the  volume  of  the  best  comparable  instru- 
ment— and  rugged.  It  has  universal  use  from  deep  space 

to  deep  sea. 
It  is  the  Mark  I,  Mod  3  Gas  Spin  Gyro 

produced  by  Sperry  Gyroscope  Com- 
pany for  purposes  of  inertial  navigation. 

GREAT   NECK.  N. 

SPFRRV 
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letters 

The  Ethics  of  Fame 

To  the  Editor: 
This  is  one  of  the  best  examples  of  a 

spanking  that  is  sorely  needed. 
These  men  were  selected  from  a  large 

group  of  people  and  were  weeded  out  of 
some  pretty  good  patches.  Maybe  during 
the  psychological  examination  they  were 
not  asked  a  very  important  question,  i.e. 
What  do  you  expect  to  gain  by  being  a  part 
of  this  team? 

WW-II  and  Korea  Veteran 
(Name  withheld) 
Albuquerque,  N.M. 

To  the  Editor: 

I  read  your  editorial  of  Nov.  5  ("The 
Ethics  of  Fame")  and  can  only  comment 
that  I  was  both  amazed  and  saddened. 
(It)  is  such  a  perverted  idealism  that  I 
would  not  be  surprised  to  hear  of  you  sit- 

ting on  the  bow  of  our  next  nuclear  sub- marine or  some  equally  naive  act. 
Your  article  centered  about  one  main 

point:  Some  Americans  have  taken  risks 
for  their  country,  indeed  have  died  for  it, 
and  have  not  made  a  personal  financial 
gain  from  it.  This  argument,  complete  with 
irrelevant  philosophical  quotations,  is  in- 

conclusively presented  and  passes  from  the 
sublime  upon  presentation  to  ridiculous 
at  conclusion. 

If  the  LIFE  magazine  pact  had  inter- 
fered with  the  astronauts'  performance  or 

the  dissemination  of  data  from  their  train- 
ing or  flights,  NASA  would  undoubtedly 

have  prohibited  it.  They  did  not.  Comment 
on  the  pact  was  probably  prompted  by  the 
fact  that  it  is  with  LIFE  and  not  with 
Missiles  and  Rockets. 

It  is  only  in  a  democratic  nation  that 
a  man  earning  a  five-  or  six-figure  salary, 
sitting  in  a  plush  office  and  dictating  to  a 
pretty  secretary,  can  berate  another  'sitting 
atop  tons  of  highly  volatile  rocket  fuel'  for 
trying  to  make  life  a  little  more  comforta- ble for  himself  and  his  family.  Why,  in  a 
country  which  thrives  on  capital  invest- 

ment, should  the  astronauts  not  be  able  to 
invest  their  money  where  they  see  fit?  Does 
this  create  a  conflict  of  interest?  Only  if 
we  begin  to  orbit  motels  and  apartment 
houses. 

The  final  and  most  offensive  of  your 
invectives  is  that  the  astronauts  have  been 
allotted  quarters  at  Houston  too  plush  for 
their  status.  Here  you  are  saying  that  men 
risking  life  and  limb  on  a  peacetime  proj- 

ect are  not  deserving  of  a  meager  con- 
sideration over  and  above  that  granted  a 

desk  pilot  of  similar  rank.  Perhaps  you 
think  that  they  should  live  in  the  nearest BOQ? 

If  the  editorial  had  been  written  after 
a  mishap  causing  a  crippling  injury  or 
death  to  one  of  them,  the  more  emotional 
of  our  citizenry  would  justifiably  favor 
orbiting  you  encased  in  a  certain  paving 
material  and  garnished  with  a  pillow's innards. 

The  "manner  and  volume  of  our  astro- 
naut's  dealings"   are  not   improper  but 

rather  a  testiment  to  their  aptitude  in  fields 
other  than  space  technology.  If  the  press 
would  spend  more  time  considering  the 
fine  job  these  men  are  doing  and  less  time 
on  their  finances,  then  their  image  would 
not  have  been  tarnished  in  the  first  place. 

Martin  Brian  Carey 
Ft.  Sill,  Okla. 

To  the  Editor: 
Bravo! 

Your  editorial,  "The  Ethics  of  Fame," should  be  required  reading  for  every 
youngster  in  the  United  States — who  may 
yet  be  dissuaded  from  the  conviction  that 
the  only  way  to  serve  one's  country  is  to struggle,  above  all  else,  for  the  almighty buck. 

Kudos  for  words  well  put,  and  above 
all  else,  for  being  ten  feet  tall  by  tackling 
a  subject  that  is  certain  to  gain  you  the 
unpopular  vote  by  all  those  who  have 
built  altars  of  dollar  bills. 

Martin  Caidin 
Plainview,  N.Y. 

To  the  Editor: 
I  write  this  letter  in  protest  to  your 

editorial  "The  Ethics  of  Fame"  in  the  Nov. 
5  issue  of  Missiles  and  Rockets.  It  seems 
to  me  as  if  this  attack  on  the  U.  S.  astro- 

nauts was  written  in  haste,  and  not  given 
even  superficial  consideration.  The  reader 
can  find  nothing  but  revulsion  in  the  write- 
up,  which  criticizes  a  sale  to  LIFE  in  col- 

umn one  and  admits  that  there  is  nothing 
wrong  with  this  sale  in  column  two.  Come 
off  this  crass  commercialization  crap, 
Coughlin! 

Your  writing  appears  designed  for  an 
appeal  to  the  reader's  emotions  rather  than his  reason.  Undoubtedly  you  are  a  gifted 
pensman;  witness  your  recounting  the  tales 
of  American  heroes  Messrs.  Bailey,  Bong 
and  Lynch,  and  your  quoting  the  ancient 
greats  Aristotle  and  Seneca.  But  I  ask  you 
this  question  sir — do  you  think  that  any 
of  these  men  would  agree  with  your  as- 

sertion that  the  U.  S.  astronauts  have 
shown  a  singular  lack  of  character? 

I  dispute  your  claim  that  our  heroes 
have  feet  of  clay  and  that  they  have  failed 
in  honor  and  reputation.  What  kind  of 
warped  logic  is  this? 

You   have  publicly  lambasted  seven 
American  men  who  are  serving  their  coun- 

try. It's  too  late  to  undo  all  the  damage, 
but  there  are  some  things  that  could  be 
done  to  correct  this  injustice.  Won't  you put  aside  your  bottle  of  bile  and  dip  your  I 
pen  in  some  honest  ink.  How  about  it?  | 

Al  Roloff 
Melbourne,  Fla. 

To  the  Editor: 

It  takes  great  courage  to  swim  upstream, 
as  you  did  in  your  editorial  of  Nov.  5. 
But  we're  glad  SOMEBODY  finally  said  | it  publicly! 

Lucien  R.  Grief 
Patrick  AFB,  Fla. 
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To  the  Editor: 

According  to  your  editorial  "The 
Ethics  of  Fame",  the  trouble  with  the 
Astronauts  is  that  they  aren't  perfect.  Come 
now,  aren't  you  being  a  bit  supercritical? 
Of  course,  they  are  not  perfect.  This  cer- 

tainly doesn't  mean  that  they  deserve  a 
public  dressing  down  from  a  magazine 
that  perhaps  may  not  be  perfect  either. 

I  will  agree  that  the  hero  that  can  turn 
down  all  offers  of  tangible  reward  for  his 
heroism  is  a  wonderful  thing  to  behold, 
but  this  doesn't  lessen  my  admiration  and 
respect  for  another  brave  man  who  does 
capitalize  to  some  extent  on  his  fame. 
Stan  Musial  has  a  restaurant.  He  is  capi- 

talizing on  his  many  and  noteworthy 
achievements.  Does  this  make  him  less  a 
man?  I  think  not. 

When  the  Astronauts  volunteered  for 
their  mission,  they  could  be  sure  of  only 
one  thing.  They  faced  years  of  hard  work, 
great  mental  stress  and  great  physical 
danger.  They  were  promised  nothing  and 
they  asked  nothing.  Later  when  they  did 
have  an  opportunity  to  receive  some  fi- 

nancial rewards,  they  accepted  the  oppor- 
tunity. In  your  business  and  in  my  busi- 

ness, this  is  called  good  common  sense. 
So  it  is  with  our  Astronauts.  No,  they  are 
not  perfect,  but  wouldn't  their  state  of imperfection  be  a  most  worthy  goal  toward 
which  we  could  all  strive? 

Harold  E.  Pryor 
Palos  Verdes  Estates,  Calif. 

Rebutting  Blough  Support 
To  the  Editor: 

The  expressions  of  dismay  and  in- 
dignation that  have  appeared  recently  in 

these  columns  and  in  your  well-written 
editorial  concerning  President  Kennedy's action  during  the  recent  contractural  efforts 
of  the  steel  industry  display  only  one 
side  of  the  coin.  Permit  me  to  show  the 
other  side  and  offer  a  rebuttal. 

Statements  by  President  Kennedy  to 
both  labor  and  management  prior  to  the 
settlement  of  the  steel  contracts  clearly 
included  requests  not  to  demand  a  wage 
increase  by  labor  and  not  to  invoke  a  price 
increase  in  steel  to  management.  The  re- 

plies were  interesting  in  that  labor  stated 
an  agreement  to  the  President's  request while  management  appeared  to  agree  but 
made  no  statement  so  specifying. 

On  the  other  hand  by  not  voicing  dis- 
agreement then,  by  implication  manage- 

ment agreed  not  to  raise  prices.  Mr.  Blough 
and  company  had  an  obligation  to  the 
country  to  state  their  position  before  the 
completion  of  the  contractural  efforts.  The 
absolutely  flagrant  disregard  of  the  Presi- 

dent's appeal  in  Blough's  crass  attitude 
brought  upon  big  steel  the  result  fully deserved. 

Since  the  steel  industry  was  not  running 
at  full  capacity,  (and  currently  isn't  either) the  price  increase  was  all  the  more  peculiar 
and  uncalled  for.  The  paper  losses  in  the 
stock — those  who  didn't  fly  off  the  handle and  foolishly  sell  haphazardly  did  not 
lose  a  dime — have  had  a  salutary  effect 
on  an  overpriced  market.  For  me,  I  ap- 

plaud the  President's  action  in  this  case. 
Saunders  B.  Kramer 
Sunnyvale,  Calif. 
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lenging new  opportunities. 
Engineering  effort  at  Hughes 
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like  to  work  on  important  prob- 
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ganization an  ideal  environment 

in  which  to  exercise  their  creative 
talents. 

If  yourgoals  include — working  on 
vital  projects  with  recognized 
leaders — living  in  the  heart  of  a 
healthful,  year-around  vacation- 
Ian  d —con  ti  n  u  i  ng  advanced 
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The  Countdown 

WASHINGTON 

Project  Pandora's  Box 
Defense  Dept.  is  complaining  that  the  services  have 

swamped  it  with  requests  for  project  go-aheads  since  the 
removal  of  arbitrary  budget  ceilings.  DOD  Comptroller 
Charles  Hitch  says  "virtually  every  project  which  could 
conceivably  have  any  merit  at  all" — including  many 
which  had  been  turned  down  earlier — was  submitted 
during  the  FY  1964  budget  review.  Pentagon  does  not 
now  plan  to  re-impose  ceilings,  but  may  start  program 
reviews  early  so  the  services  will  know  what  they  can  get 
away  with  before  the  first  formal  budget  review  in 
October. 

Nike-Hercules  on  Cuba  Watch 
Nike-Hercules  antiaircraft  missiles  have  been  em- 

placed  in  southern  Florida  to  counter  the  continuing 
threat  of  Soviet  Cuba-based  IL-28  bombers.  Hawk  units 
were  moved  into  the  area  earlier,  but  a  recent  photo  was 
the  first  indication  (DOD  has  yet  to  confirm  it)  that  the 
higher-performance  Hercules  was  also  deployed. 

Saturns  to  Spare 

NASA  estimates  that  by  the  mid-'60's  it  will  be  able 
to  produce  12  advanced  Saturn  launch  vehicles  per  year. 
Project  Apollo  probably  will  need  three  or  four  a  year, 
leaving  the  remainder  available  for  other  manned  and 
unmanned  missions. 

NASA  Jurisdictional  Dispute 

A  battle  is  shaping  up  between  two  NASA  divisions — 
Goddard  Space  Flight  Center  and  Ames  Research  Center 
— as  to  which  will  manage  certain  future  unmanned  sci- 

entific probe  programs.  Assignments  won't  be  resolved  for 
another  year  or  two. 

New  Cooperation  Plan  Weighed 
Some  State  Dept.  officials  are  pushing  a  new  plan 

which  would  radically  change  the  structure  of  the  U.S. 
international  space  cooperation  program.  Under  the  pro- 

posal, the  U.S.  would  switch  from  signing  bilateral  agree- 
ments. Instead,  emphasis  would  be  placed  on  pacts  with 

regional  space  groups  comprising  several  countries. 

Orion  Still  Hanging  Fire 

Air  Force  is  still  reportedly  "backing  and  filling"  on Project  Orion  (M/R,  Oct.  29,  p.  28),  with  a  decision  still 
"expected  any  day."  AF  must  get  the  program  approved 
by  Dept.  of  Defense  Director  of  Research  and  Engineer- 

ing, which  apparently  is  not  very  enthusiastic  about  the 
bomb-powered  vehicle.  DDRE  refuses  to  discuss  the  proj- 

ect, referring  questions  to  the  Air  Force. 

INDUSTRY 

Telstar  II  Supernumerary? 

There's  a  very  good  chance  AT&T  will  scrap  its 
plans  for  a  second  Telstar  communications  satellite,  al- 

though the  final  choice  won't  be  made  until  next  year. 
Delta  launch  vehicle  for  the  second  shot  was  used  by 
NASA  recently  to  launch  Explorer  XV.  Meantime,  AT&T 
is  getting  so  much  data  from  Telstar  I  that  company  offi- 

cials are  seriously  considering  dropping  the  second  flight 
from  the  program. 

What's  Good  for  Space  .  .  . 

Space  is  becoming  the  nation's  biggest  economic  en- 
terprise. Dr.  Edward  G.  Welsh,  executive  secretary  of  the 

National  Space  Council,  predicts  that  several  million  per- 
sons will  be  employed  in  space  projects  and  related  in- 

dustries within  a  few  years.  This  compares  to  800,000 
employees  in  the  U.S.  automotive  industry  last  year. 

Contracting  Report  at  Hand 

A  special  committee  studying  NASA  contracting  pol- 
icy is  expected  to  make  its  report — primarily  dealing  with 

new  contractor  source  selection  procedures — to  Admin- 
istrator James  E.  Webb  early  in  December.  Changes  will 

be  effective  Jan.  1. 

A  Bridge  for  Canaveral 

The  Corps  of  Engineers'  Jacksonville,  Fla.,  office  will 
open  bids  Dec.  13  for  construction  of  a  $2-million,  six- 
mile-long  causeway  to  connect  the  Cape  Canaveral  and 
Merritt  Island  industrial  areas. 

INTERNATIONAL 

Sidewinders  to  Siam 

It  hasn't  been  announced  in  the  U.S.,  but  Thai  offi- 
cials have  revealed  that  their  aircraft  will  be  equipped 

with  American-furnished  GE/Philco  Sidewinders — the 
same  missiles  used  so  successfully  by  Chinese  Nationalist 
pilots  against  Communist  Chinese  aircraft  over  the  For- 
mose  Straits. 

France  Builds  Atomic  Strength 

France  seems  to  be  making  significant  strides  in  its 
drive  to  create  a  nuclear  striking  force.  By  1964,  it  will 
have  Mirage  IV  fighters  equipped  with  atomic  weapons 
with  a  yield  of  60  kt;  by  1967,  its  first  nuclear-powered 
missile-firing  submarine  is  expected  to  be  in  service,  ac- 

cording to  a  French  military  leader,  Rear  Adm.  Adolphe 

Lepotier. 

Blue  Steel  Reprieve  Considered 

Britain  may  hang  onto  its  Blue  Steel  missile  beyond 
1965,  when  it  was  expected  to  drop  it  in  favor  of  the 

Douglas  Skybolt.  It's  now  doubtful  whether  Skybolt  will 
be  ready  for  the  British  by  that  time,  and  recent  Blue 
Steel  trials  at  Woomera  have  been  highly  successful. 
Blue  Steel  has  a  much  shorter  range,  but  could  be  useful 
against  certain  targets. 
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Cooper  to  Pilot  MA-9 
Astronaut  L.  Gordon  Cooper  has 

been  designated  pilot  for  the  next 
U.S.  manned  orbital  space  flight. 

The  MA-9  flight,  scheduled  for 
April  1963,  will  be  an  attempt  to 
extend  the  duration  of  U.S.  manned 
orbital  flight  around  the  Earth  to 
about  one  full  day.  No  decision  has 
been  made  as  to  whether  16,  17  or 
18  orbits  will  be  made. 

Cooper,  a  35-year-old  Air  Force 
major,  acted  as  backup  pilot  and 
technical  advisor  for  Astronaut  Wal- 

ter M.  Schirra  during  preparations 
for  the  six-orbit  flight  of  the  Sigma 
7  Oct.  3.  Astronaut  Alan  B.  Shepard 
will  act  as  backup  pilot  for  the 
MA-9  flight. 

The  MA-9  flight  will  be  an  at- 
tempt to  accomplish  the  sixth  manned 

spaceflight  of  the  continuing  U.S. 
manned  spaceflight  research  pro- 

gram directed  by  National  Aero- 
nautics and  Space  Administration. 

The  MA-9  spacecraft  has  already 
been  delivered  to  Cape  Canaveral 
where  it  is  undergoing  preliminary 
tests  and  checkout. 

NASA  said  the  flight  is  planned 
for  April  because  unfavorable 
weather  conditions  in  the  Cape  Ca- 

naveral-Atlantic area  normally  ex- 
tend through  the  first  quarter  of  the 

year. MA-9  may  complete  the  Mercury flight  series.  A  second  shot  is  planned, 
but  it  may  be  dropped  if  MA-9  is 
successful. 

Saturn  Shot  Tests  Guidance 

NASA's  third  launch  of  its  Sat- 
urn booster  will  be  highlighted  by 

preliminary  tests  of  an  improved 
guidance  system. 

The  space  agency  announced  that 
the  SA-3  flight  would  be  attempted 
late  last  week,  with  Nov.  16  set  as 
the  earliest  possible  launch  time. 

The  first  two  launches  in  the 
Saturn  series,  Oct.  27,  1961  and  April 
25,  1962,  were  both  successful. 

SA-3,  while  similar  to  the  first 
two  flights,  will  provide  the  first  test 
of  the  ST -90  stabilized  platform  of 
the  vehicle's  guidance  and  control 
system. The  booster  will  also  carry  a  full 
load  of  propellant  for  the  first  time. 

Ten  development  flights  are 
planned  for  the  Saturn  vehicle.  Main 
objective  of  the  first  four  is  to  test 
the  first-stage  cluster  of  eight  H-l 

Circle  No.  5  on  Subscriber  Service  Cord 

engines.  Tests  of  the  two-stage  ve- 
hicle will  begin  with  SA-5  in  the  last 

half  of  1963.  The  second  stage  is 

powered  by  six  RL-10A3  liquid  hy- 
drogen engines. 

Primary  mission  of  the  Saturn 
C-l  is  the  launching  into  Earth  orbit 
of  the  three-man  Apollo  spacecraft. 
These  flights  are  scheduled  for  late 
1964  and  early  1965. 

The  SA-3  vehicle  is  163  ft.  high, 
with  maximum  diameter  of  2IV2  ft. 
It  will  weigh  about  1.1  million  lbs. 
at  liftoff.  In  the  early  flights,  the  H-l 
engines  are  rated  at  165,000  lbs. 
thrust  each.  For  flight  five  and  there- 

after, they  will  generate  188,000  lbs.  I 
thrust  each,  for  a  stage  thrust  of 
1.5  million  lbs. 

The  booster  will  carry  a  full  load 

of  propellant,  some  750,000  lbs.  in- 
stead of  the  620,000  lbs.  of  SA-2. 

Engine  burning  time  will  extend 
about  30  sec.  The  four  inner  engines 
will  cut  off  about  140  sec.  after  liftoff, 
and  the  outer  engines  about  seven 
seconds  later. 

This  performance  would  carry 
the  rocket  to  a  maximum  altitude  of 
104  mi.,  instead  of  the  85  of  SA-2; 
a  range  of  270  mi.  instead  of  225; 
and  a  velocity  of  4000  mph  instead 
of  3600.  Flight  time  to  impact  would 
be  slightly  more  than  eight  minutes. 

Other  major  changes  from  SA-2 include: 

—An  engineering  model  of  the 
ST-124  stabilized  platform  which  is 
to  be  a  major  component  of  the  final 
C-l  guidance  scheme  will  be  carried 
on  the  flight.  The  stabilized  platform 
will  be  instrumented  and  its  per- 

formance monitored  throughout  the 
flight,  but  it  will  have  no  control 
over  the  vehicle.  It  will  be  located 
in  an  instrument  canister  between 
the  8-1  and  S-IV  stages. 

—Two  small  plates  or  panels  are 
mounted  on  the  payload-adapter 
section  above  the  inert  third  stage. 
This  is  a  dynamic  pressure  study 
conducted  in  support  of  the  Centaur 
vehicle  program.  Eleven  special 
measurements  will  be  taken  to  de- 

termine the  amount  of  pressure  ex- 
perienced and  the  rate  of  build-up. 

—First-stage  retro  rockets  which 
will  be  used  on  later  launchings  will 

be  tried  on  SA-3.  The  four  solid- 
propellant  retro  rockets,  mounted  at 
the  top  of  the  booster  with  nozzle 
upward,  will  be  fired  about  12  sec. 
after  inboard  engine  cutoff,  but 
there  will  be  no  separation  of  stages. 
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ASW 
EFFECTIVENESS 

The  Saturn  C-l  booster  was 
static-fired  for  the  first  time  for  its 
full  duration  and  at  full  thrust  Nov. 
9,  according  to  officials  at  the  Mar- 

shall Space  Flight  Center. 
The  firing  lasted  115  sec.  and  the 

S-l  stage  developed  a  thrust  of  1.5 
million  lbs.  Previous  firings  had  at- 

tained thrust  levels  of  only  1.3  mil- 
lion lbs.  Two  full  thrust  tests  had 

been  conducted  previously  for  30 
and  60  sec. — a  little  more  than  half 
the  full  duration. 

Shots  of  the  Week 

After  an  emergency  landing  at 
Mud  Lake,  Nev.,  Nov.  9,  an  X-15 
piloted  by  NASA's  John  McKay  blew a  tire  on  its  nose  wheel  and  tumbled 
wing-over-wing,  finally  coming  to 
rest  upside  down. 

McKay  was  pulled  from  the 
wreckage  by  paramedics  and  flight 
surgeons  and  rushed  to  the  hospital 
at  Edwards  AFB,  Calif.,  for  obser- 

vation. He  reportedly  escaped  un- 
hurt from  the  crash. 

The  X-15  had  been  forced  to 
make  the  emergency  landing  when  it 
developed  pressure  trouble  shortly 
after  drop  from  a  B-52  over  Mud 
Lake.  McKay  made  a  perfect  skid 
landing  on  the  dry  lake  bed  and  ap- 

peared to  have  the  ship  under  con- 
trol until  the  nose  wheel  collapsed. 

It  was  the  third  such  crash  land- 
ing by  an  X-15  in  74  flights.  The  first 

occurred  Nov.  5,  1959  during  the 
plane's  second  flight  with  Scott Crossfield  at  the  controls.  After 
landing  on  Rosamond  dry  lake  bed, 
the  X-15's  fuselage  broke  in  two. 

The  second  emergency  landing, 
also  on  Mud  Lake,  took  place  last 
Jan.  10  when  Navy  Commander  For- 

rest Petersen's  plane  developed  en- gine trouble. 
The  aborted  flight  by  McKay  was 

one  of  a  series  designed  to  test  the  re- 
entry stability  of  the  X-15  without 

its  ventral  fin. 
One  of  three  research  aircraft, 

the  wrecked  X-15  is  not  expected  to 
be  rebuilt  because  damage  was  too 
extensive. 

•  An  Atlas  F  was  successfully 
fired  from  an  underground  silo  at 
Vandenberg  AFB  on  Nov.  14.  It  was 
the  second  successful  launch  from 
underground  for  the  Air  Force  ICBM. 

•  A  pyramid-shaped  satellite — 
the  smallest  ever  launched  by  the 
U.S. — has  been  placed  into  an  unspe- 

cified orbit  by  the  Air  Force  to  meas- 
ure the  increased  radiation  caused 

by  the  July  9  U.S.  high-altitude  nu- 
clear test. 

Secretly  launched  piggyback  from 

Vandenberg  AFB,  Calif.,  the  tetra- 
hedral  research  satellite  (TRS)  is 
6y2  in.  on  a  side  and  weighs  slightly 
less  than  iy2  lbs. 

It  is  equipped  with  radiation  de- 
tection instruments,  batteries  and  a 

radio  transmitter  to  map  space  radi- 
ation. Five  more  TRS  satellites  are 

expected  to  be  used  in  similar  mis- sions. 

•  The  Army  announced  last  week 
back-to-back  successes  in  test  firings 
of  its  Nike-Zeus  antimissile  missile. 
The  first  success  Nov.  8,  at  White 
Sands  Missile  Range,  N.M.,  was  a  test 
of  "the  most  recent  configuration" 
of  the  Zeus.  The  same  day  at  Pt. 
Mugu,  Calif.,  a  Zeus  successfully  in- 

tercepted an  electronically  simulated 
ICBM.  No  actual  target  vehicle  was 
involved  in  the  test,  Army  officials 
stressed. 

•  Testing  of  the  improved  Quail 
(GAM-72B)  was  concluded  Nov.  6 
with  the  successful  launch  of  the 
missile  from  a  B-52  over  White  Sands 
Missile  Range.  The  test  brought  to 
a  close  nearly  four  years  of  develop- 

ment tests  on  the  Quail  by  the  Air 
Proving  Ground  Center,  Eglin  AFB, Fla. 

Apollo  Engine  Fired 
Aerojet-General  reported  it  has 

carried  out  several  successful  firings 
of  its  Apollo  development  engine. 

The  company  said  last  week  a 
prototype  of  the  storable  liquid- 
fueled  powerplant  was  recently  fired 
for  checkout  runs  up  to  50  sec.  A 
test  run  totaling  1020  sec.  has  been 
conducted  with  a  sub-scale  model, 
Aerojet  added. 

Chamber  ablation  rates  were  re- 
ported to  be  well  below  the  maximum 

allowable. 

Mariner  Regains  Power 
As  mysteriously  as  it  was  lost, 

solar  power  to  the  Mariner  II  space- 
craft was  regained  last  week.  JPL 

scientists  still  do  not  know  why  the 
power  level  dropped  from  the  normal 
250  watts  to  156.2  watts,  but  they 
have  reported  that  it  returned  to 
normal. 

The  four  interplanetary  experi- 
ments turned  off  to  conserve  power 

more  than  a  week  ago  have  been 
turned  back  on  by  a  signal  from  the 
DSIF  network.  The  two  planetary 
science  experiments  to  study  Venus 
will  be  turned  on  automatically  10 
days  before  Venus  fly-by  Dec.  14. 

At  present,  147.5  watts  of  the 
solar  power  system's  250  watts  is 
being  consumed  by  the  interplane- 

tary experiments  and  52  channels  of 
engineering  telemetry. 

A  new  avionics  system  now  under 
development  at  Hughes  is  designed 

to  increase  the  U.S.  Navy's  airborne 
ASW  effectiveness  through  data 
processing,  central  computation, 
sensor  integration  and  more  accurate 
navigation. 
Urgent  and  immediate  require- 

ments exist  on  this  program  for  Sen- 
ior Engineers  and  Physicists  with 

applicable  backgrounds  to  assist 
ASW  Laboratory  Project  Managers 
at  the  System  level. 
BS  or  advanced  degree  from  an 

accredited  university  and  U.S.  Citi- 
zenship are  required.  Interest,  train- 

ing and  experience  should  include: 
(1)  an  extensive  background  in  analy- 

sis and  evaluation  of  airborne  ASW 
weapon  systems,  and/or  (2)  several 
years  of  technical  experience  in  the 
analysis  and  generation  of  digital 
computer  programming  and  software. 

For  immediate  consideration, 
please  airmail  your  resume  to: 
MR.  ROBERT  A.  MARTIN 
Head  of  Employment 
Hughes  Aerospace  Divisions 
11940  W.  Jefferson  Blvd. 
Culver  City  28,  California 

Creating  a  new  world  with  Electronics 1  1 

!  HUGHES  ; 
i  j 

AEROSPACE  DIVISIONS 
An  equal  opportunity  employer. 
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NASA  To  Test  Space  Taxi 

Tests  of  a  "lifting  body"  re-entry 
vehicle  are  expected  to  begin  at  Ed- 

wards AFB,  Calif.,  in  January  or 
February  of  next  year. 

Based  on  designs  developed  at 
Langley  and  Ames  Research  Cen- 

ters, the  half-conical  re-entry  body 
with  control  surfaces  on  the  blunt 
end  will  initially  be  towed  aloft  be- 

hind a  truck.  Later  a  small  plane  will 
be  used  to  tow  it  up  to  an  altitude 
of  5000  ft.  where  it  will  be  cut  loose 
and  allowed  to  glide  back  to  Earth. 

An  advanced  version  with  its 
own  rocket  engines  may  be  developed 
to  be  carried  by  a  B-52  to  45,000  ft., 
where  it  would  be  dropped  at  super- 

sonic speeds  to  test  its  stability. 
The  goal  of  the  program  is  to 

develop  maneuverable  re-entry  vehi- 
cle shapes  which  can  return  safely 

from  orbit  and  can  be  used  as  a 

"space  taxi"  between  orbital  vehicles 
and  the  ground. 

The  "lifting  body" — to  be  test 
flown  by  NASA  test  pilot  Milt 
Thompson — weighs  about  500  lbs. 
and  is  13  ft.  across,  7%  ft.  deep  and 
24  ft.  long. 

GO  Faces  Antitrust  Suit 

The  Justice  Department  has  filed 
suit  against  General  Dynamics  Corp. 
in  an  effort  to  force  the  firm  to  di- 

vest itself  of  its  Carbon  Dioxide 
Division. 

The  suit  claims  GD  used  its  pur- 
chasing power  to  force  its  customers 

to  buy  C02  from  GD.  The  charges 
allege  the  firm's  procedures  violate 
the  Sherman  and  Clayton  Antitrust 
Acts. 

The  complaint  said  GD  has  about 
29%  of  all  domestic  sales  of  CO.,  in 
addition  to  what  it  produces  for  its 
own  use,  and  that  the  company's 
acquisition  of  Liquid  Carbonic  Corp. 
in  1957  lessened  competition  and 
created  a  monopoly. 

The  government  also  charged 
that  GD  set  up  a  special  sales  pro- 

gram in  1958  to  force  its  suppliers 
to  buy  from  it. 

Scientist/Astronauts  Urged 
First  public  disclosure  of  plans 

for  establishment  of  a  scientist/ 
astronaut  training  program  were  re- 

leased by  Dr.  James  A.  Van  Allen 
at  the  NASA-MIT-sponsored  meet- 

ing on  space  science  and  technol- 
ogy held  in  Boston  last  week. 

The  proposal  for  establishment 
of  a  training  site,  probably  adjacent 
to  the  Manned  Spacecraft  Center  at 
Houston,  is  contained  in  a  report 

Lerom  Dies  in  Crash 

Brig.  Gen.  John  I.  Lerom, 
(USAF-Reserve),  Manager  of 
Washington  Operations  for  United 
Technology  Corp.,  died  in  an  air- 

craft crash  on  a  Tennessee  moun- 
tain top  Nov.  10. 

Before  joining  UTC  in  1961, 
Lerom  was  with  the  General  Elec- 

tric Aircraft  Nuclear  Propulsion 
Dept.  Previous  posts  were  with 
the  Civil  Aeronautics  Administra- 

tion, Office  of  the  Secretary  of  the 
Air  Force  and  as  a  member  of  the 
U.S.  Civil  Aviation  Mission  to 
Panama. 

The  Editors  of  Missiles  and 
Rockets  join  the  numerous  friends 
of  John  Lerom  in  industry,  the 
military  and  government  in  ex- 

tending their  deepest  sympathy. 

covering  studies  made  this  summer 
at  Iowa  State  University  in  a  pro- 

gram on  the  nation's  scientific  space 
projects  attended  by  some  250  lead- 

ing scientists. 
According  to  Van  Allen,  the  re- 

port strongly  recommends  rapid  in- 
tegration of  qualified  scientists — 

primarily  geologists,  biologists  and 
physicists — into  the  nation's  astro- naut training  program  in  various 
scientist-astronaut  capacities. 

Van  Allen  says  the  report  recom- 
mends that  scientists  be  included  if 

at  all  possible  in  the  Apollo  flight 
crews,  with  actual  flight  training 
possibly  beginning  in  the  Gemini 
series.  He  later  conceded  that  this 
might  be  too  difficult  a  date  to  meet. 

Two  years  would  be  required  for 
training  the  scientists  as  astronauts. 
The  report  recommends  that  the  in- 

stitute be  in  progress  by  August 1963. 

No  firm  statement  was  given  re- 
garding NASA  approval  of  this  pro- 

gram, but  Van  Allen  indicated  that 
most  of  the  recommendations  made 
under  the  study  and  submitted  to 
NASA  in  August  have  already  been 
fed  into  NASA's  future  plans  and 
that  the  space  agency  was  "very 
sympathetic"  to  the  scientist/astro- naut  program. 

1AM  Letter  Blasts  Lockheed 

The  International  Assn.  of  Ma- 
chinists has  accused  Lockheed  Air- 

craft Corp.  of  "trying  to  provoke  a 
strike  in  total  disregard  of  the  na- 

tional interest." In  a  letter  to  President  Kennedy, 
IAM  official  E.  R.  White  reported 
a  new  breakdown  in  negotiations 

between  Lockheed  and  the  union, 
and  indicated  workers  will  hold  a 
strike  vote  Nov.  18. 

White  called  the  company's  man- 
agement "adamant"  and  "arrogant" in  turning  down  the  most  recent 

union  proposal,  which  White  said 
involved  acceptance  of  "economic 
guidelines"  recommended  by  a  Presi- 

dential fact-finding  board,  and  sub- 
mission to  arbitration  of  non-eco- nomic issues. 

"The  only  real  issue,"  a  Lockheed 
source  told  M/R,  "is  that  of  a  union 
shop,  subject  to  two-thirds  employee 
vote  of  endorsement."  Lockheed  op- 

poses such  a  vote. 
Similar  polls  in  several  missile/ 

space  firms  recently  ruled  out  the 
union  shop,  despite  union  campaigns 
for  it. 

"The  IAM  letter  was  to  be  ex- 
pected," the  source  said.  "It  was  not the  first  union  note  to  the  President, 

and  it  is  unlikely  to  be  the  last."  He 
referred  to  IAM's  demand  that  Ken- 

nedy order  government  take-over  of 
Lockheed  "in  the  national  interest" 
at  the  height  of  the  Cuban  crisis 
unless  the  firm  yielded  to  certain  un- 

ion demands  to  avoid  a  strike. 

Atlas  Base  Operational 
An  Atlas  F  squadron  at  Dyess 

AFB,  Abilene,  Tex.,  was  declared 
operational  last  week  by  the  Stra- 

tegic Air  Command.  The  12-missile 
base  was  turned  over  to  SAC  by  Col. 
H.  B.  Manson  of  the  Site  Activation 
Task  Force  at  Dyess. 

The  base  will  be  manned  by  SAC's 96th  Strategic  Aerospace  Wing  and 
will  be  part  of  the  15th  Air  Force 
with  headquarters  at  March  AFB, 
Calif. 

Sane  Space  Policy  Asked 

A  "politically  sane"  program  of 
U.S.  space  development  was  urged 
last  week  by  Lincoln  P.  Bloomfield, 
an  associate  political  science  profes- 

sor at  the  Massachusetts  Institute 
of  Technology.  Speaking  before  a 
New  England  Regional  Space  Con- 

ference in  Cambridge,  Mass.,  he  said 
that  such  a  program  would  relieve 
growing  world  tension  over  the  pos- 

sibility of  thermonuclear  weapons  in 
orbit. 

In  the  development  of  a  space 

policy,  Bloomfield  said,  "we  must not  allow  those  whose  concern  is 
exclusively  with  military  hardware 
to  overwhelm  our  sense  of  policy 

perspective." 
Sound  strategic  doctrine,  he  em- 

phasized, holds  that  thermonuclear 
weapons  in  orbit  are  "unnecessary 
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Homeward  Bound  Red  Rockets 

RECENTLY  RELEASED  Defense  Department  photos  show  Soviet  missiles  being  shipped 
home  from  Cuba.  At  top,  one  apparently  uncovered  missile  is  visible  on  the  foredeck  of 
the  Russian  ship  Volgoles.  Covered  missiles  are  astern.  Moving  alongside  Volgoles  is 
U.S.  Navy  radar  picket  ship  Vesole.  Bottom  photo  is  of  Soviet  ship  Bratsk,  with  two 
missiles  on  afterdeck.  Canvas  covers  have  been  removed,  revealing  casing  which  protects 
weapons  against  corrosion. 

and  even  vulnerable,  compared  with 
weapons  buried  underground  or  de- 

ployed in  submarines." 
Dr.  Julius  A.  Stratton,  president 

of  MIT,  told  a  conference  luncheon 
meeting  that  the  institute  was  con- 

tinuing a  study  to  create  a  center 
for  space  sciences  to  coordinate  and 
expand  the  resources  already  avail- 

able at  MIT. 

The  two-day  conference  was  spon- 
sored jointly  by  MET  and  NASA. 

GE  Forms  Apollo  Unit 
General  Electric  Co.  has  set  up 

a  technical  team  to  fulfill  its  role  of 
systems  integration  and  checkout 
for  the  manned  lunar  landing  pro- 
gram. 

Located  in  Daytona  Beach,  Fla., 
the  Apollo  Support  Department  will 
be  headed  by  Richard  L.  Shetler, 

former  general  manager  of  GE's Command  Systems  division.  Program 
director  for  the  department  will  be 
John  K.  Records,  former  head  of  the 
GE  team  that  developed  the  Atlas 
guidance  system. 

Program  manager  of  reliability 
assessment  is  Robert  S.  Grisetti, 
head  of  advanced  engineering  for 
the  Atlas  radio-guidance  project. 
Other  appointments  include:  Dr. 
Lindon  E.  Saline,  checkout  mana- 

ger; James  E.  Keister,  manager  of 
southeast  support  operation  at  Cape 
Canaveral;  L.  W.  Warzecha,  mana- 

ger of  support  operation  at  the 
Manned  Spacecraft  Center. 

E.  A.  Wright,  manager  of  support 
operation  at  Marshall  Center;  Rob- 

ert G.  Henry,  manager  of  program 
operations;  Robert  D.  Featherhouse, 
manager  of  finance  at  Daytona  and 
Walter  B.  Booth,  employee  relations 
manager  at  Daytona. 

AF  Sets  Up  Staff  Agency 
A  Directorate  for  Command  Con- 

trol and  Communications  has  been 
established  within  the  Air  Staff,  AF 
Vice-Chief  of  Staff  Gen.  W.  F.  Mc- 
Kee  announced  last  week. 

Made  up  from  resources  within 
the  present  Directorate  of  Telecom- 

munications, the  new  staff  agency 
will  retain  the  functions  and  re- 

sponsibilities formerly  assigned  and 
will  be  the  focal  point  within  the 
Air  Staff  for  all  matters  pertaining 
to  command  control. 

Included  in  these  responsibilities 
will  be  monitoring  the  functional 
and  technical  design  of  the  USAF 
command  control  system  and  its  in- 

tegration with  the  National  Military 
Command  System  (NMCS). 

Space  Goals  Group  Proposed 

An  Advisory  Commission  on  Na- 
tional Space  Goals  and  Means  has 

been  proposed  by  Ladd  Plumley. 
president  of  the  U.S.  Chamber  of 
Commerce,  to  determine  the  impact 
of  the  space  program  on  the  nation 
over  the  next  10  to  20  years,  and  to 
advise  the  President  and  Congress. 

Describing  the  group  as  an  "ex- 
amining, analyzing  and  recommend- 

ing body,"  Plumley  said  it  would  be 
bipartisan  and  non-political,  and 
would  contain  scientists,  economists, 
military,  businessmen,  educators,  la- 

bor, congressmen,  theologians  and 
philosophers.  Financing  would  come 
from  a  private  source  such  as  a 
foundation. 

Moffett  Chosen  for  RIFT 
A  former  dirigible  hanger  at 

Moffett  Naval  Air  Station  has  been 
selected  as  the  manufacturing  site 
for  the  RIFT  (Reactor-In-Flight 
Test)  stage  under  development  by 
Lockheed  Missiles  &  Space  Co. 

Although  NASA  and  Lockheed 

refused  to  comment,  terming  the  an- 
nouncement "premature,"  Congress- 

man Charles  S.  Gubser  (R-Calif.) 
revealed  the  selection  in  an  inter- 

view last  week. 
Conversion  of  the  hanger  to 

handle  the  nuclear  rocket  stage  is 
expected  to  cost  $10  million,  while 
by  using  existing  facilities,  some 
$20  million  will  be  saved.  The  Mof- 

fett hanger  is  only  a  short  distance 
from  Lockheed's  Sunnyvale  plant. 
Lunar  Photos  Released 

Photos  of  the  moon's  surface 
taken  by  the  200-in.  reflecting  tele- 

scope at  Lick  Observatory  near  San 
Jose,  Calif.,  were  released  last  week 

showing  the  lunar  surface  "with 
probably  unequaled  clarity." Included  in  Lick's  "catalogue  of 
astronomical  photographs,"  the  pic- tures were  described  by  a  University 

of  California  spokesman  as  a  "for- 
tunate result  of  excellent  seeing  con- 

ditions .  .  .  precise  optical  and  guid- 
ance systems,  high  magnification 

and  skilled  use  of  modern  astro- 

photographic  techniques." 
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SPECIAL  REPORT— 

Manned  Programs  Keynote  ARS 

Society's  first  annual  meeting  on  West  Coast  produces  superior 
exhibition  emphasizing  future  projects;  some  technical  highlights 

Los  Angeles — Hardware  and  sys- 
tems engineering  for  the  rapidly  ex- 

panding U.S.  manned  space  program 
dominated  the  1962  American  Rocket 
Society  annual  meeting  and  exhibition 
here. 

From  tiny  Project  Gemini  explosive 
ordnance  devices  to  full-scale  boiler- 

plate models  of  the  Apollo  command 
and  service  modules,  primary  attention 
at  the  meeting  was  focused  on  advanced 
manned  space  efforts. 

The  exhibition  itself — some  10  to 
15%  smaller  than  last  year's  New  York 
show — drew  praise  from  many  observers 
for  its  increased  usefulness  in  the  tech- 

nical field.  Working  models,  lectures 
and  demonstrations  far  outnumbered 
simple  display  exhibits. 

New  technical  development  unveiled 
at  the  four-day  meeting  included: 

•  Aerojet-General's  variable-thrust 
injector  designed  for  application  to  the 
storable-propulsion  system  of  the  Lunar 
Excursion  Module  and  other  spacecraft 
(see  box,  p.  17). 

•  Two  new  general-purpose  fast- 
operating  digital  computers  for  space 
use,  weighing  only  20  lbs.  each — Libra- 
scope's  L-90  and  Minneapolis-Honey- 

well's Pico. 
•  A  three-axis  cryogenic  supercon- 

ducting accelerometer  appropriate  for 
high-accuracy  inertial  guidance  applica- 

tion, developed  by  Minneapolis-Honey- 
well. 

•  An  airborne  computer  utilizing 
magnetic  thin-film  memory  and  welded 
cordwood  circuitry,  Univac's  88-lb. 
ADD  (Aerospace  Digital  Development). 

•  A  two-way  Bendix  portable  com- 
munication system  contained  in  a  belt- 

pack  telemetry  unit  and  capable  of 
transmitting  voice  or  telemetry  data 
from  an  astronaut  either  inside  or  out- 

side a  space  vehicle. 

©  Martin  Co.'s  proposal  of  a  two- 
or  three-stage  Pegasus  space  probe 
booster  capable  of  lifting  payloads  of 
from  50  to  2000  lbs.  to  altitudes  of 
100  to  3000  n.  mi. 

•  Swedlow  Inc.'s  announcement  of 
a  new  form  of  high-pressure  contain- 

ment for  production  of  rocket  nozzles 
up  to  400  in.  in  diameter  and  of  a  new 
filament-winding  system  for  large  rocket 
motor  cases. 

Lasers  and  masers  drew  major  at- 
tention at  the  show.  Among  the  ex- 

hibits were  Lear  Siegler  Inc.'s  demon- 
stration of  laser  welding,  a  showing  of 

Hughes  Aircraft's  Model  200  ruby  laser 
series,  and  a  display  of  organic  laser 
rods  by  Electro-Optical  Systems.  A 
model  of  a  gaseous  optical  maser  for 
voice  communication  was  displayed  by 
Bell  Telephone  System. 

The  U.S.  Air  Force  exhibit  featured 
a  manned  and  unmanned  satellite  in- 

spection system  and  aerospace  plane. 
Other  exhibits  of  interest  included  Mar- 
quardt's  working  model  of  the  Lunar 
Excursion  Module  rendezvousing  in 

space  with  Apollo,  General  Electric's 
full-scale  Nimbus  meteorological  satel- 

lite, Atlantic  Research  Corp.'s  pres- 
surized-freon  thrust-vector-control  sys- 

tem for  Polaris,  Hercules'  huge  13 -ft. filament-wound  solid  motor  case  and 
Allis  Chalmers'  golf  cart — powered  by a  3-kw.  fuel  cell. 

Coverage  of  the  American 
Rocket  Society  meeting  in  Los 
Angeles  was  provided  by  a  Mis- 

siles and  Rockets  editorial 
team  which  included  editor 
William  J.  Coughlin,  Senior  Edi- 

tor Charles  LaFond  and  Associate 
Editors  Russell  Hawkes,  Richard 
van  Osten  and  W'illard  E.  Wilks. 

Minneapolis-Honeywell  said  its  new 
Pico  computer,  which  has  a  46-watt 
power  requirement,  is  built  around  a 
solid-state  biaxial  non-destructive  read- 

out ferrite  core.  A  complete  24-bit  add 
cycle,  including  access  time,  can  be 
completed  in  1 2  microseconds.  Its  mem- 

ory can  be  expanded  from  a  basic  3072 
words  to  8192  words  by  stacking  addi- 

tional memory  planes.  Memory  planes 
are  enclosed  in  a  separate  sealed  case 
which  plugs  into  the  rest  of  the  com- 

puter. A  single  logic  clock  and  a  single 
acculumator  have  been  utilized  with  the 
non-destructive  memory. 

•  Computer  advances — The  Pico 
computer  is  designed  to  withstand  tem- 

perature extremes  from  —  55  °C  to 
100°C,  and  the  entire  case  can  be 
sealed  and  filled  with  an  inert  gas  for 
orbital  use.  The  company  said  the  com- 

puter is  designed  so  that  its  capabilities 
can  be  reduced  or  increased  as  re- 

quired without  redesign. 
Librascope  Div.  of  General  Pre- 

cision Inc.  said  its  L-90  operates  at  a 
20-megacycle  clock  rate,  contains  an 
8192-word  permanent  memory,  and 
consumes  30  watts  of  power. 

Extensive  use  of  semiconductor  mi- 
crocircuits  has  resulted  in  less  than  1200  i 
electronic   parts,   Librascope  said.  It 
gave  temperature  range  performance  of 
the  L-90  as  -55°C  to  125°C. 

Univac  said  the  minimum  reliabil- 
ity objective  for  its  ADD  thin-film 

computer  is  an  average  operational  time 
of  10,000  hours,  or  over  one  year  of 
continuous  operation  under  extreme 
conditions  of  environmental  stress.  It 
is  designed  to  fulfill  total  requirements 
of  any  system  as  the  single  central  con- 

trol computer.  All  but  a  small  portion 
of  the  ADD  memory  is  of  a  non-de- structive readout  nature. 

•  Astronaut   gear — The  belt-pack 
data  communication  system  designed  by  I 
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APOLLO  MOCK-UP  outside  ARS  exhibition  at  the  Pan  Pacific  Auditorium. 

Bendix-Pacific  Div.  will  transmit  seven 
different  types  of  physical  information 
in  addition  to  voice.  The  belt  pack  con- 

sists of  three  small  units,  each  about 
three  inches  square,  mounted  on  web- 

bing. Probes  connect  with  the  astro- 
naut's body.  Power  is  furnished  by  small 

rechargeable  nickel-cadmium  batteries. 
•  Booster  entry — Martin  Co.  said 

its  Pegasus  booster  concept  is  designed 
lis  a  transportable  system  for  component 
md  subsystem  testing;  high-altitude 
orobes;  zero  g,  vacuum  and  acceleration 
j  esting;  photo  or  flare  mapping;  recon- 
laissance,  surveillance  and  re-entry 
esting.  Cost  would  be  highly  competi- 
ive  with  other  space  probes,  Martin 
Laid. 

•  Cable  wrapping — Swedlow's  Ca- 
>le-Clave  process  for  high-pressure  con- 
ainment  in  large  nozzle  manufacture 
s  said  to  eliminate  the  need  for  hydro- 

claves  by  substituting  steel  cables  for 
the  usual  steel-cased  pressure  vessel. 

Reinforced-plastic  material  is  wound 
on  a  metal  mandrel.  Two  layers  of 
rubber,  sealed  at  the  nozzle  ends  but 
not  attatched  to  the  assembly,  are 
placed  over  this.  Thin  metal  strips  are 
added  to  protect  the  rubber  and  the 
entire  assembly  is  wrapped  with  steel 
cable.  A  high-pressure  pump  is  attached 
to  inject  water  pressure  of  1000  psi  be- 

tween the  layers  of  rubber.  With  the 
pressure  sandwiched  between  the  man- 

drel and  the  cabling,  the  plastic  layer 
is  subjected  to  full  pressure  during 
cure. 

The  entire  unit  can  be  machined 
and  wrapped  with  no  need  to  move  the 
nozzle  into  and  out  of  a  pressure 
vessel,  the  company  pointed  out.  Swed- 
low  said  the  process  permits  unrestricted 
freedom  for  increase  of  nozzle  size. 

Swedlow's  new  case-winding  sys- 
tem employs  a  winding  machine  to  op- 
erate around  the  motor  case,  which  does 

not  revolve.  The  system  will  wind  both 
longitudinally  and  circumferentially,  ac- 

cording to  Swedlow. 

Technical  Papers 

A  PREVIEW  of  "The  U.S.  Stand- 
ard Atmosphere,  1962"  was  given  at  the 

ARS  meeting  by  scientists  from  Air 
Force  Cambridge  Research  Laboratory, 
NASA  and  the  U.S.  Weather  Bureau 
who  participated  in  its  design.  The  new 
publication  extends  atmospheric  stand- 

ard values  to  an  altitude  of  700  kilo- 
meters and  is  oriented  toward  space 

activities.  It  replaces  the  1956  "U.S. Extension  of  the  ICAO  Standard  At- 
mosphere," which  reached  only  to  an altitude  of  300  kilometers. 

The  new  standard  atmosphere  is  ex- 
pected to  be  useful  for  calculation  of 

satellite  orbit  decay,  prediction  of  acous- 
tic paths  from  high-altitude  nuclear  ex- 

plosions, and  other  purposes.  It  will 
be  public  by  the  end  of  the  year. 

Research  since  1956  has  indicated 
that  temperatures  at  300  kilometers  are 
500  degrees  warmer  than  indicated  in 
the  old  standard;  the  change  is  re- 

corded in  the  new  publication  along 
with  associated  changes  in  density  and 
other  characteristics.  New  types  of  in- 

formation, such  as  the  range  of  depar- 
tures from  standard,  are  now  included. 

For  instance,  in  the  lowest  90  kilo- 
meters of  the  atmosphere,  density  can 

vary  by  as  much  as  60%. 
The  earlier  standard  gave  values 

for  geopotential  altitude,  which  is  a 
reasonable  approximation  of  geometric 
altitude  up  to  the  20-kilometer  top  of 
the  basic  ICAO  standard.  It  was  neces- 

sary to  convert  to  geometric  altitude  for 
the  1962  standard  because  the  differ- 

ence between  the  two  increases  with 
altitude  and  amounts  to  70,000  meters 
at  the  70-km  top  of  the  new  standard. 

The  new  density  curve  is  a  daytime 
mean  for  a  range  of  solar  activity  mid- 

way between  sunspot  maximum  and 
sunspot  minimum.  However,  space  re- 

search has  shown  that  diurnal  variation 
of  actual  density  can  amount  to  as 
much  as  100%  at  700  kilometers,  be- 

cause of  deepening  of  the  atmosphere 
caused  by  thermal  expansion  under 
solar  radiation  and  contraction  in  its 
absence. 

A  section  of  the  standard  will  re- 
late data  for  altitudes  above  200  kilo- 

meters to  the  position  of  the  Sun.  Stand- 
ard density  at  700  kilometers  is  about 

two-thirds  the  older  value  because  it 
represents  an  average  between  quiet  and 
active  Sun  conditions.  The  earlier  stand- 

ard was  selected  during  a  time  of  in- tense solar  activity. 
(Continued  on  next  page) 
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Asides  at  the  ARS  Meeting 

HYBRID  attitude-control  rockets 
burning  gaseous  oxygen  and  plexi- 

glass (polymethyl  methacrylate)  have 
been  proposed  to  ComSat  prime  con- 

tractors and  NASA  by  United  Tech- 
nology Corp. 

UTC  engineers  first  made  plexi- 
glass-fueled hybrids  as  demonstra- 

tion devices,  since  the  method  makes 
combustion  visible.  Experience  proved 
it  had  substantial  advantages  for 
some  low-thrust  space  applications. 
The  maximum  thrust  obtained  to 
date  is  100  lbs. 

At  high  thrust  levels,  these  rock- 
ets tend  to  be  too  long  and  narrow 

because  of  the  low  recession  rate  of 
the  combustion  surface  in  plexiglass. 
However,  the  same  trait  produces  a 
long  burning  time  for  a  given  thrust 
level,  so  that  the  fuel  web  need  not 
be  unduly  thick  in  small  engines. 

UTC  has  found  that  the  plexi- 
glass/oxygen rocket  and  all  other 

hybrids  function  best  with  plug  noz- 
zles, which  retard  flow  in  the  center 

of  the  charge  port,  producing  better 
mixing  between  the  oxygen-rich  cen- 

ter and  the  fuel-rich  boundary  layer. 
As  part  of  the  proposal  on  the  Com- 

Sat attitude  control  system,  UTC 
will  soon  try  a  1000-sec.  firing  of  one 
of  the  oxygen/plexiglass  systems.  The 
fuel  grain  has  not  yet  been  designed, 
but  is  likely  to  be  slightly  conical. 
The  oxygen  injector  is  a  simple  hole 
in  the  head  of  the  case  and  the  charge 
port  is  circular. 

Theoretical  combustion  tempera- 
ture of  the  propellant  combination  is 

6600°R.  Combustion  is  started  by 
injecting  a  squirt  of  propane  with 
the  oxygen  and  igniting  it  with  a 
spark  plug.  Performance  is  claimed 
to  be  comparable  to  that  of  nitro- 

gen tetroxide  and  hydrazine.  A  spe- 
cial advantage  for  the  ComSat  ap- 

plication is  the  fact  that  the  propel- 
lant combination  produces  no  soot 

to  fog  up  solar  cell  surfaces.  Com- 
bustion products  are  carbon  dioxide, 

water,  and  a  negligible  amount  of 
carbon  monoxide.  Use  of  gaseous 
oxygen  under  high  pressure  elimi- 

nates the  need  for  a  separate  pro- 
pellant pressurization  or  pumping 

system  and  has  some  advantages  for 
the  three-year  storage  times  being 
specified. 

•  Early  returns  in  the  election 
to  combine  the  American  Rocket  So- 

ciety and  Institute  of  Aerospace  Sci- 
ences into  the  American  Institute  of 

Aeronautics  and  Astronautics  are 
running  heavily  in  favor  of  merger. 
With  some  40%  of  the  ballots  in, 
ARS  figures  indicate  an  85%  ap- 

proval. IAS  figures  are  said  to  be 
even  more  favorable  for  merger. 

•  Avco's  Mark  II  re-entry  ve- hicle for  Minuteman  is  much  more 

sharply  pointed  than  the  earlier  ve- 
hicle. The  design  cuts  down  the  radar 

cross-section. 

•  General  Electric's  ARS  dis- 
play included  a  mockup  of  the  firm's 

target  re-entry  vehicle  for  the  Nike- 
Zeus  program.  The  vehicle  carries 
a  miss-distance  indicator. 

•  A  76-in.-deep  extruded  motor 
case  of  5Al-2ViSn  titanium  alloy  is 
under  development  at  Wayman-Gor- 
don's  Grafton,  Mass.,  plant  for  pos- 

sible use  as  a  casing  on  the  Nerva 
nuclear  rocket. 

•  The  American  Rocket  Society's 
highest  honor,  the  Goddard  Memo- 

rial Award,  went  this  year  to  Rob- 
ert Gilruth,  Director  of  NASA's Manned  Spacecraft  Center.  Other 

awards  were  received  by  Astronaut 
John  H.  Glenn,  Vice  Adm.  William 
F.  Raborn,  Rocketdyne  President 
Samuel  K.  Hoffman,  Stanford  Uni- 

versity professor  Howard  Seifert, 
University  of  Minnesota  professor 
John  R.  Winckler  and  Theodore  For- 

rester of  Electro-Optical  Systems. 
•  If  Thiokol  Chemical  Corp. 

wins  the  competition  for  the  260-in. 
solid  motor,  it  is  planning  to  build 
it  in  a  new  plant  to  be  erected  at 
Brunswick,  Ga.,  by  its  Alpha  Divi- sion. Land  for  the  site  has  been 
optioned.  It  is  on  a  waterway. 

•  Martin  Co.  has  designed  a 
six-man  lifting  body  vehicle  for  space 
logistic  support  of  manned  and  un- 

manned satellites  and  space  stations. 
It  would  be  launched  by  a  recovera- 

ble booster  in  the  Titan  III  or  Saturn 
class.  The  SLV  would  be  capable  of 
landing  on  an  aircraft  runway. 

•  Design  revolution — The  aircraft 
designer's  view  that  engineering  changes are  no  more  than  the  result  of  earlier 
errors  must  be  abandoned  by  space  sys- 

tem designers,  an  ARS  panel  was  told. 
Continuous  modification  based  on  new 
design  data  must  become  part  of  the 
formal  philosophy  of  space  system 
design. 

This  was  reported  by  P.  E.  San- 
dorff  of  Lockheed  Missile  and  Space 
Co.  in  a  paper  on  the  need  for  design 
flexibility  in  space  systems. 

Sandorff  said  missions,  environment, 
and  component  performance  of  space 
systems  are  seldom  well  defined  at  the 
beginning  of  a  development  program. 
Designs  permitting  easy  modification 
late  in  the  development  cycle  offer  the 
best  combination  of  reliability  and  ef- 

ficiency at  the  cost  of  somewhat  re- 
tarded delivery  schedules. 

The  freeze-and-produce  philosophy 
of  aircraft  development,  under  which 
engineering  changes  are  regarded  as  an 
admission  of  guilt,  compels  the  designer 
to  make  the  "worst  possible"  assump- 

tions about  the  circumstances  of  space 
flight  in  order  to  assure  reliability;  the 
result  is  unused  excess  capability — 
i.e.,  inefficiency — Sandorff  said. 

Design  conditions  expressed  in  or- 
ders of  magnitude  rather  than  in  pre- 

cise engineering  terms,  subsystems  never 
evaluated  in  service,  and  frequent  mis- 

sion changes  due  to  politico-economic 
considerations  and  other  factors  all 
contribute,  Sandorff  said,  to  uncertainty 
about  what  the  end  product  will  look 
like.  Successful  system  designs  progress 
naturally  through  a  number  of  models, 
but  as  the  size  and  cost  of  space  proj- 

ects increase  it  becomes  necessary  to 
obtain  the  reliability  of  the  D  model 
in  the  A  version. 

According  to  Sandorff,  program 
management  should  be  based  on  the 
recognition  that: 

—Engineering  research  and  develop- 
ment is  a  continuing  process  rather  than 

a  phase  in  the  program  cycle. 
—Test  programs  are  research.  Col- 

lection of  information  about  perform- 
ance and  the  environment  is  more  im- 

portant than  demonstrating  that  a  speci- fication is  met. 
—Engineering  and  manufacturing 

are  the  continuing  development  of  each 
individual  production  item,  rather  than 
a  succession  of  product  improvement 
efforts  applied  to  production  lots. 

•  Moon  water — Preliminary  studyj 
of  ways  to  extract  oxygen  and  water 
from  lunar  rock  were  reported  by  Bruce 
B.  Carr  of  the  Callery  Chemical  Co. 

He  suggested  a  method  of  using  a 
hydrogen  arc  jet,  a  water  condenser 
and  electrolysis  to  release  oxygen  from 
lunar  rock  to  combine  with  the  hydro 
gen  stream  forming  water  from  whicl 
oxygen  is  electrolyzed.  The  method  i: 
not  dependent  on  full  knowledge  of  the 
Moon's  composition,  and  Carr  pointei 
out  that,  if  the  problem  of  lunar  man 
ufacturing  is  not  approached  until  afte 
detailed  prospecting  has  been  done,  solu 
tions  could  be  long  delayed. 

The  criterion  for  evaluating  a  luna! 

oxygen  plant  is  pay-out  time — the  tim required  for  it  to  produce  a  weight  oj 
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THIS  HUGE  and  versatile  base  could  be  established  in  Earth  already  being  developed,  says  Starr  J.  Colby,  of  Douglas  Missile 
orbit  before  1970,  using  existing  technology  and  space  vehicles       and  Space  Systems  Division.  Concept  was  outlined  in  ARS  paper. 

oxygen  equal  to  its  own  weight.  It  indi- 
cates how  long  the  plant  must  operate 

to  pay  for  its  transportation  to  the 
Moon  by  eliminating  resupply  of  oxy- 

gen from  the  Earth. 
The  most  desirable  raw  material 

from  which  to  obtain  oxygen  is  water, 
and  some  studies  indicate  there  is  a 
possibility  of  finding  it.  However,  it 
seems  likely  that  surface  deposits 
would  be  too  small  and  scattered  to  be 
exploited.  The  suggested  method  of 
using  a  hydrogen  arc  jet  and  a  con- 

denser would  be  capable  of  collecting 
such  free  water  but  would  not  depend 
on  its  existence. 

The  plant  would  operate  in  a  cavity 
in  the  lunar  rock  under  a  pressure  of  a 
few  atmospheres.  It  would  be  capable 
of  installing  itself,  since  the  arc  jet 
could  be  used  to  dig  the  hole.  With  the 
top  of  the  hole  sealed  off,  the  plant 
would  function  by  melting  silicon  diox- 

ide in  a  hydrogen  stream  at  tempera- 
tures up  to  2600°K.  Chemical  reaction 

between  the  two  at  high  temperatures 
produces  silicon  and  water.  Maximum 
operating  temperature  must  be  less  than 
the  boiling  point  of  the  reaction  prod- 

uct, silicon,  because  if  it  is  vaporized  it 
will  recombine  with  the  oxygen  on  cool- 

ing to  become  silicon  dioxide  again. 
Water  is  condensed  and  frozen  out 

of  the  circulating  hydrogen  at  a  tem- 
perature of  —  15°C.  After  electrolysis 

the  oxygen  has  been  captured  and  the 

hydrogen  is  recovered  and  recirculated 
back  through  the  arc  jet.  The  initial 
supply  and  replacement  of  losses  will 
have  to  come  from  Earth. 

If  5%  of  the  rock  is  oxygen,  a  20- 
ft.  sphere  of  it  should  yield  44,000  lbs. 
of  oxygen.  The  weight  of  a  nuclear 

power  supply  and  a  plant  capable  of 
producing  5  lbs.  of  oxygen  per  hour  is 
estimated  at  five  to  seven  tons.  If  heavy 
metal  oxides  are  encountered,  the  con- 

centration of  water  in  the  hydrogen 
stream  will  vary,  but  design  must  be 
based  on  reduction  of  the  silica.  X* 

Aerojet  Shows  Its  Pentad  Injector 
Los  Angeles — Aerojet-General 

Corp.  unveiled  its  variable-thrust 
five-orifice  injector  (M/R,  Sept.  24, 
p.  43 )  at  the  ARS  meeting  here  as  a 
prospect  for  the  Lunar  Excursion 
Module  storable-propellant  propul- 

sion system. 
Configuration  of  the  Pentad  unit 

calls  for  five  orifices  which  can  be 
opened  or  closed  simultaneously  by 
use  of  five  tapered  pintles  in  the  man- 

ner of  needle  valves.  The  amount 
of  propellant  flowing  into  the  com- 

bustion chamber  is  controlled  by  ad- 
justment through  a  mechanical  link- 

age. Aerojet  said  the  unit  displayed 
had  been  fired  for  17  minutes  at 
over  4000  lbs.  peak  thrust.  The  stain- 

less steel  needles  showed  little  wear. 
The  method  was  said  to  offer 

28.5-to-l  variability  with  a  capabil- 
ity of  going  from  full  thrust  to  about 

10%  thrust  in  0.05  sec.  Range  is 
from  full   to  zero  thrust.  Aerojet 

now  is  engaged  in  scaling  the  unit 
up  for  the  8 000-lb. -thrust  LEM  re- 

quirement and  beyond. 
Previous  scaling  had  taken  it 

from  100-lb.  through  2000-lb.  to 
4000-lb.-thrust  units. 

The  unit  has  been  tested  with 
storable  propellant  mixtures  of  nitro- 

gen tetroxide  and  aerozine-50,  in- 
hibited red  fuming  nitric  acid  and 

UDMH,  as  well  as  with  classified 

propellants. Use  of  the  five-orifice  as  against 
a  multi-orifice  system  offers  no  diffi- 

culties in  regard  to  stability,  Aero- 
jet asserted.  A  company  spokesman 

reported  that  tests  have  shown  stable 
combustion  from  high  to  low  thrust, 
with  stability  increasing  as  thrust decreases. 

The  system  was  said  to  be  appli- 
cable wherever  high  variability  is  re- 
quired— as  in  LEM,  Lunar  Logistics 

Vehicle,  and  other  soft-landing  or 
rendezvous  missions. 
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A  'foot  in  the  door'. 

Air  Force  Space  Program  Gains 

NASA  backing  hinted  if  time  and  money  problems 

force  curtailment  of  space  agency's  Gemini  pro/'ecf 

by  James  Trainor 

AIR  FORCE  EFFORTS  to  gain  a 
larger  role  in  manned  spaceflight  ap- 

pear to  be  winning  grudging  support 
from  Defense  Department  officials — 
and  a  latent  promise  of  backing  from 
NASA. 

Using  a  "foot-in-the-door,"  mini- 
mum-cost approach,  the  Air  Force  has 

proposed  that  it  be  allowed  to  buy  four 
or  five  Gemini  capsules  with  Fiscal  Year 
1964  funds.  At  the  same  time,  NASA  is 
re-examining  the  Gemini  program  to  de- 

termine just  how  extensive  a  program  it 
needs  between  Mercury  and  Apollo. 
There  are  indications  that  both  time 
and  money  are  likely  to  force  curtail- 

ment of  the  Gemini  effort  originally  set 
forth. 

In  this  event,  the  space  agency  is 
expected  to  welcome  suggestions  by  the 
Air  Force  that  it  be  allowed  to  take 
over  the  program  to  explore  spaceflight 
problems  that  NASA  had  to  bypass. 
NASA  officials  do  not  rule  out  this  pos- 

sibility, but  they  refuse  to  commit  them- 
selves to  expanded  AF  participation  un- 

til they  know  the  extent  of  their  own 
Gemini  program. 

Biggest  stumbling  block  for  the  Air 
Force  is  still  DOD.  However,  the  De- 

fense Department  is  now  reviewing  the 
AF  Space  Plan — an  outline  of  AF 
needs  and  requirements  in  space  through 
1970 — in  connection  with  the  FY  '64 
budget.  This  review  is  expected  to  force 
upon  DOD  the  realization  that  the  only 
major  building  block  missing  in  current 
space  projects  is  a  stable  of  experienced 
space  pilots.  Also,  the  cheapest,  fastest 
way  to  develop  a  military  competence 
in  space  is  through  Gemini. 

As  one  hard-pushing  AF  official  puts 
it,  "we  have  to  get  into  the  program 
with  next  year's  budget  or  events  will 
have  passed  us  by."  In  the  time-  and 
money-constrained  Gemini  program  he 
sees  a  very  real  possibility  of  achieving 
this  objective. 

•  On  to  Apollo — With  the  tight 
schedule  imposed  on  NASA  by  the 
President  to  land  a  man  on  the  moon 
within  this  decade — preferably  sooner 
— space  agency  officials  are  going  to  be 
pretty  well  forced  to  terminate  Gemini 
as  soon  as  possible,  an  AF  official  says. 

"You  have  to  remember  that  Apollo 
is  going  to  be  on  them  pretty  quick," 
he  explains,  "and  (NASA  Director  of 
Manned  Space  Flight  D.  Brainerd) 
Holmes  and  his  bunch  are  going  to 
have  to  freeze  on  equipment  and 
techniques  early  in  Gemini  in  order  to 
take  care  of  Apollo." Once  NASA  moves  on  to  Apollo, 
it  may  make  a  lot  of  sense  for  the  Air 
Force  to  pick  up  the  program  so  that, 
when  military  missions  for  man  in  space 
are  defined,  "the  building  block  called 
Man  is  not  missing,"  he  adds. 

Two  other  reasons  why  AF  officials 
feel  that  Gemini  may  be  turned  over  to 
the  military  with  full  NASA  support 
are  money  and  further  technical  devel- 
opment. NASA,  Air  Force  officials  say,  is 
just  beginning  to  realize  the  tremendous 
scope  of  the  Apollo  program  as  well  as 
its  tremendous  cost.  It  is  fast  approach- 

ing the  point  where  NASA  will  have  to 
review  all  its  programs  and  make  con- 

scious choices  of  which  ones  to  develop 
— a  position  that  DOD  and  most  gov- 

ernment agencies  reached  some  time  ago. 
Right  now,  they  point  out,  the 

Gemini  program  is  being  reviewed 
within  NASA  to  determine  whether  the 
original  program  laid  out  is  necessary 
or  whether  it  could  be  cut  back  in  order 
to  save  both  time  and  money. 

This  review  may  well  result  in  a  re- 
duced NASA  Gemini  program,  with  the 

Air  Force  taking  up  the  slack  and  ex- 
tending it  beyond  the  presently  sched- 

uled 14  manned  flights.  Already,  AF 
officials  have  submitted  to  Holmes  in- 

formally a  hypothetical  plan  to  have 

the  Air  Force  begin  assuming  control 
of  the  program  about  half  way  through 
the  flight  schedule. 

•  Takeover  plan — Under  this  pro- 
posal, beginning  with  about  the  sixth 

manned  flight,  an  AF  pilot  would  oc- 
cupy the  co-pilot's  seat  and  eventually both  positions  would  be  occupied  by 

"blue-suiters."  At  the  same  time,  the 
AF  would  begin  assuming  management 
functions  for  the  Gemini  program  until 
eventually  the  entire  management  of  the 
follow-on  Mercury  program  passed  to 
the  Air  Force. 

Holmes  rejected  the  plan  on  the 
basis  that  he  could  not,  right  now,  com- 

mit himself  to  any  definite  date  at  which 
the  AF  could  begin  to  take  over  the 
program.  Reportedly,  he  was  reluctant 
to  discuss  the  issue  until  answers  essen- 

tial to  the  success  of  the  Apollo  pro- 
gram have  been  furnished  by  Gemini. 

Significant,  however,  is  the  fact  that  he 
did  not  reject  the  concept  behind  the  Air 
Force  proposal. 

•  Sharing  benefits — Another  reason 
for  Air  Force  optimism  over  its  role 
in  Gemini  stems  from  the  fact  that 
NASA  will  have  to  leave  many  poten- 

tially promising  space  techniques  unex- 
plored in  order  to  fix  as  early  as  possi- 

ble on  Apollo.  This  means  that  NASA 
probably  will  be  more  than  willing  to 
have  the  Air  Force — with  its  own 
money,  of  course — "tinker"  with  other, 
perhaps  better,  rendezvous  and  docking 
techniques  or  improved  space  equip- 
ment. 

In  addition,  bioastronautics  data 
gathered  from  30-45-day  flights  in 
space  which  could  be  carried  out  by 
the  Air  Force  would  be  welcomed  by 
NASA,  which  would  not  have  time  to 
conduct  such  experiments  itself.  The 
capacity  of  a  man  to  work  outside  a 
space  capsule  in  flight  will  be  explored 
by  NASA,  but  only  to  the  extent  that 
it  will  support  the  Apollo  program — 
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even  then  it  will  be  a  risky  proposition 
since  the  entire  capsule  must  be  depres- 
surized  to  allow  a  man  to  egress  from 
the  capsule. 

The  potentialities  of  space  mainte- 
nance and  repair  can  be  explored  and 

developed  in  the  AF  program  more 
than  would  be  possible  under  NASA's 

|  timetable.  Also,  peripheral  scientific  ex- 
periments could  be  carried  out.  All  of 

this  information,  of  course,  could  and 
would  be  fed  into  the  Apollo  space 
program. 

Finally,  the  Air  Force  sees  Gemini 
as  a  potential  ferry  vehicle  for  men  and 
supplies  to  a  Manned  Orbiting  Develop- 

ment Station. 
All  of  these  proposals  are  contin- 

gent on  DOD  approval.  However,  since 
R&D  costs  of  Gemini  development 
would  be  amortized  in  the  NASA  pro- 

gram, Air  Force  officials  feel  that  the 
Defense  Department  would  be  receptive 
to  buying,  at  a  minimum,  four  or  five 
Gemini  capsules  for  military  use. 

Some  Air  Force  officials  favor  this 
approach  over  a  closely  integrated 
NASA-AF  program  because  it  would 
represent  a  clean  break  with  NASA  and 
would  not  interfere  with  either  agency's 
flight  programs.  A  proposal  to  buy  a 
limited  number  of  Gemini  capsules  is 
in  the  FY  '64  Air  Force  budget  and 
is  being  reviewed  by  the  Defense 
Department. 

It  is  almost  essential  that  the  extent 
of  Air  Force  participation  in  Gemini 
be  defined  in  next  year's  budget  because 
of  the  lead-time  involved  in  capsule 
procurement.  The  lead-time  reportedly  is 
14-15  months  and,  as  one  AF  officer 
put  it,  "I  doubt  if  McDonnell  is  going 
to  want  to  deliver  all  its  capsules  in 

one  year  and  then  wait  a  year  or  more 
to  deliver  a  second  batch." 

•  Present  AF  rote — Essentially,  the 
Air  Force  is  performing  exactly  the 
same  mission  which  it  performed  for 
NASA  in  the  Mercury  program.  It  is 
responsible  for  the  engineering,  pro- 

curement and  launch  of  the  Titan  II 
Gemini  Launch  Vehicle  and  the  Atlas- 
Agena  target  vehicle,  as  well  as  for 
their  injection  into  orbit.  Both  of  these 
programs  are  handled  through  project 
offices  at  Space  Systems  Division  in 
California. 

However,  last  May,  in  recognition 
of  the  probable  increased  AF  effort  in 
the  Apollo  program,  the  position  of 
Deputy  Commander  for  Manned  Space 
Flight  was  established  at  Air  Force  Sys- 

tems Command  headquarters.  Headed 
by  Maj.  Gen.  O.  J.  Ritland,  the  office 
provides  an  interface  with  NASA's  Of- 

fice of  Manned  Space  Flight  while  con- 
currently maintaining  cognizance  over 

military  space  programs  and  other 
NASA  projects. 

At  present,  approximately  28  mili- 
tary personnel  are  assigned  to  Gen.  Rit- 

land, representing  almost  the  entire 
complement  of  the  31  authorized.  The 
organization  is  divided  into  two  major 
segments  under  a  Deputy  Director  for 
Space  Programs  and  a  Deputy  Director 
for  Space  Support. 

The  former — headed  by  Col.  C.  G. 
Mathison — has  a  task  much  broader 
than  just  supporting  the  Apollo  pro- 

gram. It  also  provides  support  for 
NASA's  space  sciences  programs  such 
as  Mariner  and  OGO.  Although  this  sup- 

port is  primarily  restricted  to  boosters, 
the  office  provides  such  things  as  range 

instrumentation  services  and  on-orbit 
control  of  NASA  satellites. 

Under  Col.  H.  W.  C.  Shelton,  the 
Space  Support  Office  consists  of  six  or 
seven  highly  qualified  officers  physically 
located  with  D.  Brainerd  Holmes'  Of- 

fice of  Manned  Space  Flight.  Each  of 
these  officers  works  directly  with  one 
of  the  six  directors  under  Holmes.  For 
example,  NASA's  director  of  Spacecraft 
and  Flight  Missions,  George  Low,  has 
Col.  Don  Heaton  following  his  pro- 

grams while  Col.  J.  Talbot  works  closely 
with  Charles  Roadman  in  Aerospace 
Medicine,  as  well  as  other  NASA  and 
DOD  organizations. 

Shelton's  office  is  not  expected  to 
grow  significantly.  AFSC  Gen.  B.  A. 
Schriever  wishes  to  limit  its  size  and, 
in  the  document  approving  the  setup, 
DOD  specified  that  it  would  be  kept 
small. 

In  explaining  the  setup,  an  AF  of- 
ficer assigned  to  the  office  says  "in  a 

very  real  sense  we  don't  do  anything 
down  here;  details  are  handled  by  Mathi- 
son's  office."  The  primary  purpose  of 
the  office  is  to  make  suggestions  on  how 
the  Air  Force  can  help  the  manned 
spaceflight  effort  and  to  make  recom- 

mendations on,  and  trouble-shoot,  spe- 
cific problems.  In  addition,  Shelton  and 

his  staff  try  to  keep  themselves  informed 
of  NASA  progress  and  in  turn  keep  the 
rest  of  the  Air  Force  informed. 

However,  they  are  careful  not  to 
get  in  the  way  of  what  Shelton  describes 
as  "a  pretty  fast-moving,  dynamic  or- 

ganization." There  is  no  fiat  requiring 
NASA  to  invite  AF  participation  in 
planning  sessions  and  meetings,  he 
points  out,  but  a  good  working  rela- 

tionship is  building  up  and  the  per- 
sonal and  professional  relationships  be- 
tween NASA  and  his  office  are  excellent. 

One  area  of  growth  in  this  relation- 
ship would  be  to  extend  the  scope  of 

the  Space  Support  office  to  cover  other 
areas  of  NASA  such  as  Space  Sciences 
and  Advanced  Research  and  Technol- 

ogy. As  it  stands  now,  the  office  is 
accredited  only  to  Holmes,  though  some 
contacts  with  other  NASA  offices  have 
been  made  on  an  informal  basis. 

Over  and  at>ove  the  formal  organi- 
zation, however,  are  weekly  informal 

meetings  between  Ritland  and  Holmes 
to  discuss  various  problems.  Ritland  also 
has  attended  many  meetings,  briefings, 
reviews  and  proposal  presentations  at 
NASA's  invitation.  He  attends  NASA's 
"black  Saturdays"  in  which  Holmes, 
NASA  Administrator  James  Webb, 
Associate  Administrator  Robert  Sea- 
mans  and  Deputy  Administrator  Hugh 
Dryden  thresh  out  problems  in  the 
Manned  Lunar  Landing  Program.  How- 

ever, since  he  has  no  responsibility  for 
the  program,  Ritland  does  not  get  in- 

volved in  internal  management  prob- 
lems. 8 
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Election  aftermath  .  .  . 

Few  Space  Committee 

Changes  in  Congress 

by  Frank  G.  McGuire 

FEW  MAJOR  CHANGES  as  a  re- 
sult of  the  Nov.  6  elections  are  ex- 

pected in  the  Congressional  committees 
that  directly  affect  the  missile/space 
industry.  Two  Republicans  and  four 
Democrats  are  leaving  the  House  Space 
Committee,  and  two  Republicans  on 
the  Senate  Space  Committee  lost  re- 

election bids. 
Sen.  Robert  S.  Kerr  and  Rep. 

George  P.  Miller,  chairmen  of  the  two 
space  committees,  both  remain  through 
the  88th  Congress.  Kerr  was  not  run- 

ning; Miller  won  re-election. 
The  GOP  lost  two  long-standing 

senators,  Alexander  Wiley  (R-Wis.) 
and  Homer  E.  Capehart  (R-Ind.) 
from  the  Senate  Space  Committee.  No 
Democratic  members  of  the  committee 
lost. 

•  The  House — On  the  House  Space 
Committee,  the  Democrats  will  lose  four 
members:  Reps.  Walter  H.  Moeller, 
(D-Ohio),  defeated;  David  S.  King  (D- 
Utah),  defeated  for  Senate;  Victor  L. 

Anfuso  (D-N.Y.),  redistncted  out  of  a 
seat;  and  Corinne  Riley  (D-S.C),  re- 

tired. Republicans  leaving  the  House 
Space  Committee  are  Jessica  M.  Weis 
(R-N.Y.),  retired,  and  Perkins  Bass 
(R-N.H.),  defeated  for  Senate. 

New  committee  members  appointed 
by  the  two  parties  will  rank  low  in 
seniority  and  thus  exert  little  influence 
in  the  work  of  the  committees. 

With  the  defeat  of  Sen.  Wiley,  the 
Senate  Space  Committee  loses  its  rank- 

ing GOP  member.  Next  in  line  for  the 
spot  is  Sen.  Margaret  Chase  Smith  (R- 
Maine).  (The  ranking  member  of  the 

opposition  party  is  the  "shadow  chair- 
man" of  the  committee,  who  takes  over 

leadership  if  control  of  Congress  passes 
from  one  party  to  the  other.) 

Whether  the  standing  of  the  GOP 
committee  members  will  remain  as  it 
currently  is  has  not  yet  been  decided. 
Sen.  Smith  may  move  to  another  com- 

mittee assignment  if  much  shuffling  is 
done  by  the  GOP. 

Big  Solid  Spending  May  Quadruple 
NASA-DOD  AGREEMENT  on 

a  large  solids  development  program 
is  expected  to  result  in  an  FY  '64 
spending  level  of  $100  million — al- 

most four  times  the  $28-35  million 
to  be  spent  this  fiscal  year. 

In  addition  the  two  agencies  have 
agreed  to  by-pass  development  and 
testing  of  the  156-in.-class  motors 
and  go  directly  to  the  260-in.  motors. 
This  would  put  the  large  solid  motors 
in  a  competitive  position  for  the 
Nova  booster,  which  is  not  likely  to 
begin  development  before  1966. 

The  agreement  was  reached  in  a 
meeting  of  Secretary  of  Defense 
Robert  S.  McNamara  with  NASA 
Administrator  James  E.  Webb  ap- 

proximately 10  days  ago. 
Requests  for  proposals  are  ex- 

pected to  be  issued  by  the  Air  Force 
within  a  couple  of  weeks  for  ad- 

vanced development  work  on  critical 
areas  of  booster  technology.  Sub- 

jects to  be  investigated  include  noz- 
zles, thrust  vector  control  and  mat- 

ing of  segments  to  preclude  leakage. 
More  than  one  RFP  may  be  issued, 
with  one  covering  the  advanced  tech- 

nology and  the  other  the  building 
and  testing  of  segments. 

Decision  to  skip  the  156-in.  pro- 
gram was  made  because  it  was  not  a 

big  enough  step  from  the  120-in. 
motor  technology  of  the  Titan  HI. 
The  feeling  was  that  this  size  motor 
could  be  built  any  time  with  facilities 
and  technology  already  available. 

Management  of  the  large  solids 
program  is  to  be  by  the  Air  Force 
Systems  Command's  Space  Systems 
Division,  with  actual  supervision  of 
the  program  being  handled  at  Ed- 

wards AFB,  Calif. 
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Wiley,  a  member  of  the  committee 
since  its  formation  in  February  1958, 
became  ranking  GOP  member  upon  the 
death  of  Sen.  Styles  Bridges.  Sen.  Cape- 
hart,  a  member  of  the  committee  only 
since  the  beginning  of  this  year,  was 
the  GOP  replacement  for  Bridges. 

•  Big  solids  hurt — On  the  House 
side,  the  loss  of  Rep.  King  will  be  felt 
by  advocates  of  large  solid  rockets, 
inasmuch  as  he  was  one  of  the  strongest 
voices  favoring  large  solid  boosters. 
Rep.  Emilio  Q.  Daddario  (D-Conn.)  will 
take  over  the  fourth  subcommittee — 
Applications — now  that  Rep.  Anfuso 
is  gone.  Daddario  was  formerly  chair- 

man of  a  special  patent  subcommittee 
and  instrumental  in  NASA's  changing 
of  its  patent  policies. 

Subcommittees  of  the  House  Space 
Committee  formerly  identified  by  num- 

ber are  now  organized  along  lines  simi- 
lar to  NASA — by  subject  matter.  This 

has  raised  a  problem  in  that  Congress- 
men moving  up  in  seniority  are  faced 

with  either  learning  a  completely  new 
branch  of  space  science  as  they  change 
from  one  subcommittee  to  another 
bearing  more  prestige,  or  staying  with 
their  own  cultivated  field  of  special- 

ization and  sacrificing  the  increased 

prestige. The  most  prestigious  subcommittee 
currently  is  that  on  manned  spaceflight, 
chaired  by  ranking  member  Olin  E. 
Teague  (D-Tex.),  and  followed  by  the 
Space  Sciences  subcommittee  of  Rep. 
Joseph  E.  Karth  (D-Minn.);  the  third 
subcommittee,  that  on  advanced  re- 

search, is  chaired  by  Rep.  Ken  Hechler (D-W.Va.). 

The  four  subcommittees  are  ex- 
pected to  carry  considerable  influence 

during  this  Congress,  primarily  due  to 
the  policy  of  Committee  Chairman 
George  P.  Miller,  who  feels  the  sub- 

committee chairmen  should  have  ample 
freedom  of  action  to  make  their  sub- 

committee effective.  Result  of  this  is 
partly  seen  in  the  reorganization  of  the 
Centaur  program  after  the  87th  Con- 

gress hearings  held  by  Rep.  Karth's subcommittee. 
The  House  Space  Committee,  far 

more  active  than  its  Senate  counterpart, 
would  react  favorably  to  a  NASA  sup- 

plemental budget  request  early  next 
year,  but  committee  staffers  do  not  feel 
such  a  request  is  likely.  Earliest  item 
on  the  committee's  agenda  is  the  NASA authorization  bill,  on  which  the  four 
subcommittees  held  simultaneous  hear- 

ings for  several  weeks  last  year  while 
the  Senate  Space  Committee  held  three 
days  of  hearings. 

A  Senate  committee  spokesman  said, 
however,  that  holding  hearings  is  not  a 
prime  objective  of  that  body. 

House  hearings  on  NASA's  author- ization are  expected  to  last  as  long  as 
they  did  this  year. 
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SILICONE  RUBBER  News  from  Dow  Corning 

Here's  how 

Silastic  works 

for  you 

Rubber  unaffected  by  molten  metal?  Why 
not?  Silastic®,  the  Dow  Corning  silicone 
rubber,  remains  flexible  and  stable  at  500  F 

.  .  .  works  for  years  at  this  temperature 

.  .  .  can  be  used  at  higher  heat  levels  for 
shorter  periods. 

This  inherent  heat  stability  works  for 
designers  in  oven  door  gaskets,  missile  seals 
or  engine  gaskets.  Just  one  of  many  impor- 

tant properties  of  Silastic.  Others  are  listed 
below.  Manufactured  parts  readily  avail- 

able from  most  rubber  companies. 

Properties  of  Silastic  that  can  work  for  you 
FLEXIBLE  AND  STABLE  from  — 130  to  500  F 
RESISTS  PERMANENT  DEFORMATION 

from  —130  to  500  F 

HIGH  DIELECTRIC  STRENGTH  under 
adverse  conditions 

INERT  TO  oxygen,  OZONE  and  many 
common  chemicals 

RETAINS  STRENGTH  AND  SHAPE  when 
soaked  in  oils,  fuels  and  solvents 

UNAFFECTED  BY  MOISTURE 
— water,  vapor  or  steam 

doesn't  crack  OR  CHECK  from  weathering 
little  deterioration  due  to  radiation, 

age  or  thermal  cycling 

For  complete  technical  data  on  Silastic  and 
sources  for  parts  write  Dow  Corning  Corpora- 

tion, Midland,  Michigan,  Dept.  6211. Dow  Corning 
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Can  Your  Salesman  Call 

On  Him'?  armed  forces  management 

DOES— twelve  times  a  year. 

Over  20,000  other  Defense  executives  just  like  him  receive  and 

read  AFM  each  month.  AFM,  the  publication  written  and  edited 

for  the  military  forces  of  the  free  world,  ensures  sales  continuity 

by  directing  the  publication  to  job  title,  not  individual.  Conse- 
quently, your  sales  message  will  always  reach  the  military  or  civil 

service  Defense  manager  in  the  position. 

Advertise  in  AFM,  the  only  across-the-board  Defense  oriented 

publication-sell  to  the  top  Defense  executives  of  all  services  each 
month. 



Technical  Countdown 

ELECTRONICS 

'Hot  Window'  Effect  All  But  Eliminated 
Recent  measurement  techniques  indicate  Eastman 

Kodak's  Irtran  materials  will  practically  eliminate  "hot  win- 
dow" effects  in  infrared  guided  missiles.  The  effect  is  a 

secondary  one  produced  by  the  aerodynamic  heating  caused 
by  the  missile's  passage  through  the  atmosphere.  The  Irtran 
materials — polycrystalline  substances  formed  by  heat  and 
pressure  into  solids  of  near  theoretical  density — emit  very 
little  radiation  in  the  infrared  wavelength  region  even  when 
heated  to  more  than  1000°  F. 

Hollomctn  Tests  Improved  Circuits 

A  NASA-developed  circuit  connector  designed  to  over- 
come the  problem  of  faulty  electrical  plugs  has  been  tested 

at  Air  Force  Systems  Command's  Missile  Development Center,  Holloman  AFB,  N.M.  In  a  series  of  six  rocket  sled 
runs  to  simulate  missile  launch  conditions,  the  connectors 
withstood  higher  than  normal  takeoff  and  re-entry  vibrations 
without  "breaking  a  circuit." 

Army  Automates  Missile  Parts  Catalog 
A  rapid  retrieval  system,  called  VSMF,  will  be  in  use  by 

j  the  Army  Missile  Command  at  Huntsville,  Ala.  next  January 
;  to  catalog  common-use  Army  missile  system  parts  for  rapid 

use.  Developed  by  Information  Handling  Services,  Denver, 
i  Colo.,  the  system  groups  photographs  of  components  and 
j  their  specifications  on  cartridges  of  microfilm.  The  film  can 

then  be  sent  to  Army  missile  contractors  and  subcontractors 
to  assist  designers  and  engineers  in  selecting  components  for 

j  Army  missiles. 

■  Fuel  Cell  Tested  in  Zero  G 
An  Allis-Chalmers  fuel  cell  being  developed  for  both 

I  the  Air  Force  and  NASA  was  successfully  tested  under  sim- 
|  ulated  zero-g  conditions  at  Wright-Patterson  AFB,  Ohio. 
Using  a  modified  KC-135A  flying  a  zero-g  trajectory,  the 

L  hydrogen-oxygen  fuel  cell  produced  electricity  for  32  seconds 
under  conditions  similar  to  those  experienced  by  an  orbit- 

6  ing  satellite. 

|  Apollo  Battery  Contract  to  Eagle-Richer 
I Electric  power  during  and  after  the  re-entry  portions  of 

the  Apollo  flight  regime  will  be  supplied  by  batteries  from 
„  the  Eagle-Picher  Co.  Two  of  the  three  units  will  go  into 
I  operation  at  the  service  module  separation.  The  third  bat- 
|  tery,  with  a  life  span  of  three  days,  functions  after  landing 
I  and  will  operate  the  Apollo  life-support  system  and  recovery 
I  equipment  until  pickup. 

ASTRONAUTICS 

Solar  Flares  Predictable  35  Days  in  Advance 

A  "space  weather"  observation  technique  using  an  im- 
proved statistical  method  developed  to  search  for  distinctive 

i  characteristics  of  solar  activity  permits  the  prediction  of 
solar  events  as  much  as  35  days  in  advance  with  70% 
accuracy.  North  American's  Space  and  Information  Division 

I  experts  are  now  working  on  the  false  alarm  rate.  The  ability 
I  to  make  such  long-range  predictions  as  against  the  present 
'  three-day  warning  method  may  reduce  or  even  eliminate 
I  shielding  requirements  for  protection  against  emission  of 
I  energetic  protons  from  the  sun. 

MATERIALS 

Second-Generation  Moly  Alloy  Perfected 
A  molybdenum-base  alloy  with  about  0.5%  titanium  and 

0.8%  zirconium,  equivalent  on  a  strength-to-weight  basis  to 
commercially  pure  tungsten  at  2600°  to  3000°F,  is  being 
produced  by  Climax  Molybdenum  Co.  Dubbed  "Climelt 
TZM,"  the  alloy  can  be  fabricated  into  any  desired  part  and 
is  available  as  forging  billets,  bars,  rods,  sheets  and  plates. 
The  alloy  will  probably  be  used  on  high-temperature  por- 

tions of  the  X-20  (Dyna-Soar)  leading  edges  after  being 
coated  with  moly  disilicide.  High  temperature  fasteners  have 
also  been  produced  from  TZM. 

Titanium  Alloys  Usable  to  —452°  F 
Army  metallurgists  report  most  titanium  and  nearly  all 

aluminum  alloys  are  acceptable  for  cryogenic  applications. 
Low-temperature  mechanical  properties  of  both  alloy  sys- 

tems were  obtained  at  the  Watertown  Arsenal  in  bar  and 
sheet  form  as  a  function  of  testing  temperature.  Tensile  and 
impact  properties  in  bar  materials  were  studied  down  to 
— 452°F,  and  sheets  were  submitted  to  —  320°F  to  get 
tension  data.  Notch  tensile  ratios  for  sheets  provided  a 
criterion  for  resistance  to  brittle  fracture. 

4000°  F  Vacuum  Insulation  Released 
A  spacecraft  vacuum  insulation  system  using  ADL-17, 

graphite  fibers  and  thoria  powder  in  combination  with  a 
tantalum  radiation  shield  can  handle  temperatures  higher 
than  3000°F  for  more  than  100  hrs.  A  research  report 
from  Arthur  D.  Little,  Inc.  just  made  available  by  OTS, 
recommends  future  work  in  materials  research,  insulation 
system  development  and  thermal  conductivity  measuring 
techniques.  If  tantalum  foil  is  to  be  used  as  an  insulation 
component,  ADL  experts  suggest  the  reaction  between  the 
metal  and  graphite  be  investigated  more  thoroughly  to  de- 

termine if  surface  treatment  of  either  could  reduce  the 
reaction  rate. 

Beryl  Crystal-Growing  Process  Revealed 
A  new  method  for  rapidly  growing  large  beryl  single 

crystals  has  been  developed  by  Bell  Telephone  Lab  re- 
searchers. Such  crystals,  when  doped  with  chromium  im- 

purities, may  find  use  in  high-frequency  microwave  masers. 
The  process  involves  placing  dehydrated  beryl  on  the  bottom 
of  a  platinum  crucible  covered  with  small  amounts  of 
berylium  oxide,  ammonium-chromium-sulfate  and  then  fill- 

ing with  vanadium-pentoxide.  The  crucible  is  so  heated  to 
have  the  bottom  reach  1050°C  and  the  top  1000°C.  The 
beryl  in  the  bottom  dissolves  and  crystallizes  out  on  a  seed 
plate  slung  in  the  lower  temperature  region  of  the  solution. 

Goodyear  Builds  Arc-Tunnel 
An  arc-heated  wind  tunnel  designed  to  simulate  re-entry 

and  supersonic  heat  is  in  operation  at  Goodyear  Aircraft 
Corp.  The  $250,000  facility  will  be  used  for  studies  into 
areas  of  flow  visualization,  heat  flux  measurement,  pressure 
distribution,  material  evaluation  and  gas  distribution.  An 
auxiliary  magnet  that  causes  the  arc  to  rotate  at  high  veloc- 

ity is  included  in  the  unit.  The  magnetic  field  allows  a 
wide  range  of  simulated  flight  conditions,  and  use  of  both 
a  continuous  vacuum  and  a  d-c  power  source  permits  oper- 

ating periods  up  to  a  maximum  of  20  min. 
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management 

Lear  Siegler  Aims  to  Double  Sales 

Increased  government  systems  business  is  included 

in  firm's  push  toward  $500  million  in  five  years 

by  Willard  E.  Wilks 

Los  Angeles — Lear  Siegler,  Inc., 
the  $200  million  offspring  of  a  five- 
month-old  merger  between  Lear,  Inc., 
and  Siegler  Corp.  has  set  out  to  more 
than  double  sales — aiming  at  $500  mil- 

lion in  five  years. 
To  Board  Chairman  John  G. 

Brooks,  this  objective  seems  conserva- 
tive. Brooks,  with  a  group  of  investors, 

bought  Siegler  Heating  Co.,  Centralia, 
111.,  in  1953  and  pushed  it  from  sales 
of  $6.5  million  to  $100  million  in  the 
eight  years  before  the  merger. 

The  corporation  is  seeking  to 
achieve  its  new  goal  through  two  prime 
efforts:  by  obtaining  more  large  gov- 

ernment systems  business,  and  by  rais- 
ing the  proportion  of  consumer  and 

industrial  business  to  60%  of  total 
sales.  The  latter  move  would  reverse 
its  present  60-40  defense-commercial 
ratio  and  get  back  to  the  split  Siegler 
had  before  the  merger  with  Lear  (which 
was  90%  defense). 

"This  does  not  mean  that  we  will 
not  continue  every  effort  to  get  every 
piece  of  government  business  we  can 
get,'*  Brooks  told  M/R. 

LSI  is  taking  steps  to  make  use  of 
multi-divisional  capabilities,  particularly 

on  the  defense  side  of  the  corporation's business. 

"We  think  this  is  the  way  to  get 
more  heavily  into  large  government 
systems,"  Corporate  Senior  VP  John  J. 
Burke  says.  "Otherwise  the  programs  we 
take  on  are  limited  to  the  capabilities  of 
a  single  division. 

"Tasks  in  the  (Siegler)  past  have 
generally  been  the  undertaking  of  one 
division.  An  exception  was  the  job  of 
designing  and  producing  the  launch 
control  equipment  for  Ailas-F  sites. 
This  will  be  wound  up  within  a  year 
and  will  be  worth  about  $30  million 
when  completed.  It  has  involved  the 
effort  of  four  divisions  and  is  an  ex- 

ample of  the  type  of  government  pro- 
gram we  want  to  shoot  for.  .  .  ." 

•  Division  management  problem — 
Big  problem  in  setting  up  for  a  multi- 
division  effort  is  management,  Burke 
said,  noting  that  "all  of  the  services  have 
been  badly  burned  on  the  problem  of 

dealing  with  multi-division  companies." 
Corporate  VP  Dan  W.  Burns  put 

it  this  way:  "Multi-division  companies 
all  are  faced  with  this  problem:  How 
do  you  allow  your  divisions  to  have  the 
management  responsibility  and  stimula- 

tion they  must  have  to  pursue  their  own 
markets  and  grow  as  entities,  but  at  the 

LSI  CHAIRMAN  J.  G.  Brooks  (left)  and  Corporate  President  A.  D.  Handsclutmachcr 

same  time  provide  the  mechanism  for 
bringing  together  all  their  talents  to 
take  on  a  job  that  is  bigger  than  any 
single  division? 

"This  situation  is  unique  because  at 
this  time  the  industry  has  not  yet 
evolved  a  management  practice  for 
handling  this  problem.  The  only  thing 
you  see  on  the  wall  is  negative — you 
see  only  what  didn't  work.  Our  answer 
is  our  newly-organized  Defense  Sys- 

tems Operations,  an  organization  at  the 
corporate  level  that  functions  both  staff 
and  line,  that  provides  systems  manage- 

ment, systems  engineering  and  technical 
direction  and  contract  and  financial 

management." The  Defense  Systems  Operations  or- 
ganization was  devised  solely  to  seek 

and  deal  with  multi-division  efforts, 
with  no  attempt  made  to  pull  in  present 
division  efforts.  With  prime  interests  in 
tracking  and  control  systems,  communi- 

cation and  data  systems,  range  instru- 
mentation and  support  systems,  instru- 

mented satellite  and  space  probes,  and 
tactical  weapon  systems,  DSO  is  de- 

signed to  draw  upon  the  capabilities  of 
LSI's  seven  defense  divisions. 

•  Organization  breakdown — These 
are  Astronics,  Santa  Monica,  Calif.; 
Astro  Structures,  El  Segundo,  Calif.; 
Data  &  Controls,  Long  Island,  N.Y.; 
Instrument  division,  Grand  Rapids, 
Mich.;  Electronic  Instrumentation,  Ana- 

heim, Calif.,  Power  Equipment,  Maple 
Heights,  O.;  and  Lear  Siegler  Service 
division,  Grand  Rapids. 

Burns  is  head  of  DSO,  with  his 
organization  boxed  directly  off  cor- 

porate headquarters  on  LSI's  organiza- tion chart.  As  initiator,  organizer  and 
director  of  multi-division  efforts,  it  con- 

sists of  three  operating  units,  including 
Space  Systems  Center,  Defense  Sys- 

tems Office,  and  one  or  more  Systems 
Managers. 

Nucleus  of  Space  Systems  Center 
is  a  group  acquired  from  Space  Tech- 

nology Laboratories.  The  former  STL 
group,  which  was  responsible  for  range 
instrumentation  and  range  safety  in  the 
1CBM  program,  simply  moved  as  a 
unit  to  Siegler  in  November  1960. 

Burns  gave  this  rundown  on  his  or- 
ganization: "Space  Systems  Center  has two  functions.  It  has  a  profit  and  loss 
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function,  providing  study  analysis  for 
various  parts  of  Department  of  Defense 
and  NASA.  This  is  purely  analytical 
study,  tending  to  fall  in  range  safety 
analysis,  range  instrumentation  study 
and  mission  assurance  analysis. 

"The  center's  other  role  is  to  pro- 
vide systems  analysis  and  systems  en- 

gineering and  technical  direction  for 
LSI  multi-division  operational  under- 

takings. Defense  Systems  Office  is  re- 
sponsible for  plans  and  objectives,  cus- 

tomer requirements  and  regional  liaison. 
"The  system  manager  is  responsible 

for  the  actual  line  management  of  a 
multi-division  program.  He  manages  the 
SETD  function  and  is  responsible  to 
both  the  customer  and  the  corporation 
for  overall  financial  management  of  the 

task." 
•  Future  program  planning  —  LSI 

has  a  management  plan  model  ready 
for  use  when  it  acquires  a  multi-division 
program. 

"We  take  a  system  manager  out  of 
Defense  Systems  Operations  and  give 
him  overall  responsibility,"  Burns  said. 
"Then  all  of  the  divisions  involved  re- 

port line  to  him  rather  than  to  the 
corporate  staff.  And  we  pick  a  lead  divi- 

sion, usually  the  one  which  has  the 
most  business  involved  in  the  task.  The 
lead  division  has  responsibility  for 
systems  integration,  assembly  and 
checkout." 

In  setting  up  Defense  Systems  Op- 
erations, LSI  followed  the  streamlined 

management  philosophy  that  Brooks  be- 
lieves has  been  responsible  for  Siegler 

success  to  date.  "We  have  only  five  men 
at  the  top  in  the  corporation,"  Brooks 
says.  "Any  one  of  them  is  capable  of 
making  a  decision  at  any  time  in  event 
I  am  out  of  town.  We  can  do  this  be- 

cause our  communication  is  so  good." Brooks  is  convinced  there  is  too 

much  "accumulation  of  fat  at  the  corpo- 
rate level"  in  most  large  organizations. Brooks  uses  this  rule-of-thumb  in 

determining  whether  he  needs  a  corpor- 
ate level  executive:  "If  that  person  was 

not  there  would  you  lose  any  money?" 
As  for  experts  such  as  legal  counsel 

and  management  consultants,  Brooks' 
philosophy  is  "that  if  we  need  them 
we  can  hire  them  from  outside." 

•  The  top  five — LSI's  top  men  in 
corporate,  in  addition  to  Brooks,  are 
President  Albert  G.  Handschumacher, 
former  president  of  Lear;  Executive  VP 
Robert  L.  Purcell,  Senior  VP-Secretary 
Robert  T.  Campion,  and  Burke.  The 
corporate  staff  of  LSI,  which  currently 
employs  10,000  persons,  totals  19,  in- 

cluding secretaries.  "We  have  no  staff 
of  second-guessers,"  Burke  says. 

Brooks'  emphasis  on  streamlined 
management  at  the  top  demands  strong 
management  at  the  division  level.  In  the 

firm's  planning  activities,  he  says,  "we 
don't  set  ourselves  up  in  the  corporate 

office  as  the  almighty  seers.  We  use  our 
technical  staff,  or  division  heads  who 

are  on  the  firing  line." 
•  Research  expansion — Dr.  Jay  Tol 

Thomas,  director  of  central  research, 
which  reports  to  corporate  headquarters, 
plans  to  expand  his  present  staff  of  64 
to  170  technical  and  130  support  per- 

sonnel in  the  next  30  months.  Thomas 
visited  all  operating  divisions  earlier  this 
year  and  came  up  with  five  areas  "in which  I  think  we  should  invest  over 

the  next  few  years."  The  areas  include 
microcircuitry,  using  thin-film  tech- 

niques, automatic  control,  information 
sciences,  medical  physics  and  low- 
temperature  physics. 

In  the  field  of  automatic  control, 
Thomas  points  out  that  seven  or  eight 
years  ago  Lear  had  a  major  portion  of 
the  autopilot  business  "but  with  the 
esoteric  developments  of  the  past  few 
years,  neither  Lear  nor  Siegler  kept 
up  with  the  field.  Litton  and  Min- 

neapolis-Honeywell have  moved  ahead 
of  us.  We  are  going  to  catch  up." In  the  information  sciences  area, 
LSI  has  radar  and  communications  ex- 

perience, but  according  to  Thomas  "no 
core  of  people  to  produce  anything  in 
the  analytical  line."  In  a  related  area, 
LSI  is  writing  a  proposal  for  a  system 
to  prevent  jamming  of  information- 
gathering  satellites. 

•  Medical  physics  goal  —  Thomas 
sees  good  possibilities  for  growth  in  the 
medical  physics  field  and  recently  ac- 

quired three  doctors  with  experience  in 
electronics. 

"We  plan  to  use  this  medical-elec- 
tronic mixture  for  space  systems,  as  one 

of  our  heretofore  missing  links  in  bid- 
ding on  space  projects,"  Thomas  says. 

A  future  LSI  item  for  manned  space 
vehicles  might  be  a  system  that  would 
process  EKG  and  EEG  information 
aboard  the  spacecraft  and  send  only 
yes-no  type  information  to  the  ground 
rather  than  detailed  data,  enabling  use 
of  narrow  band. 

In  the  low-temperature  physics  area. 
LSI  will  direct  effort  into  superconduc- 

tivity of  thin  films.  It  has  a  $50,000 
research  contract  to  investigate  use  of 
thin  film  as  an  inertial  grade  transducer. 

Thomas  is  looking  at  the  possibility 
of  using  superconductivity  in  storage 
registers  and  switching  elements.  "We 
have  the  low-temperature  know-how 
and  thin-film  know-how  to  get  into 
microminiaturized  solid-state  special- 
purpose  computers,"  he  says.  "We  won't compete  with  IBM  and  the  rest.  In  other 
words,  we're  not  going  into  commercial 

computers." Thomas  adds  that  LSI's  research 
effort  is  now  about  60%  company- 
funded  and  he  will  seek  more  outside 

support. 
•  Current  contracts — LSI  currently 

has  between  500  and  600  contracts  in 

CORPORA  TE  Vice  President  D.  W.  Burns. 

force,  and  a  backlog  of  about  $100 
million,  considered  a  good  figure  for 
a  company  without  large  government 
contracts  with  long  lead  times. 

Largest  single  contract  is  the  one 
from  General  Dynamics/  Astronautics 
for  Alias  automatic  launch-control 

systems. Others  totaling  about  $42  million 
so  far,  include  $2.2  million  from  Air 
Force  Systems  Command  for  meteoro- 

logical radar  sets;  $1  million  from 
Sperry  Utah  for  Sergeant  control  sur- 

face actuators,  and  an  undisclosed  sum 
from  McDonnell  Aircraft  for  flight  at- 

titude and  delta  velocity  indicators  for 
Gemini. 

As  an  outgrowth  of  its  consumer 
radio  and  television  experience,  the 
company  has  developed  highly  special- 

ized TV  cameras  and  complete  video 
systems  for  military  and  space  installa- 

tions. It  is  providing  the  TV  camera  for 
viewing  Centaur  fuel  in  the  zero-g  en- 

vironment during  flight  tests. 
•  Missile-related  work  —  LSI  has 

developed  a  three-axis  flight  director- 
attitude  indicator  for  X-20,  and  pro- 

duces spin-forged  cases  and  other  com- 
ponents for  Titan,  Minuteman,  Saturn, 

Able-Star  and  Tartar. 
Other  business  encompasses  com- 

munications equipment,  including 
ground-recording  and  monitoring  equip- 

ment for  Surveyor;  ground-support 
equipment  for  Sergeant,  Discoverer, 
Minuteman,  Polaris,  Titan,  and  Saturn. 

LSI's  recent  proposals  include  one 
to  manufacture  the  static-test  and  data- 
collection  systems  associated  with  the 
Saturn  and  Nova  projects  at  Cape 
Canaveral,  Huntsville  and  Pearl  River. 
Miss.  It  recently  completed  systems  de- 

sign under  a  prime  NASA  contract. 
The  firm  feels  its  past  record,  in- 

volving some  contribution  to  nearly 
every  major  rocket  program  and  its 
Atlas  launch  equipment  work  should  put 
it  in  a  position  for  more  launch  control 
and  checkout  business  in  the  next  few 
years.  It  also  expects  to  be  active 
in  advanced  communications,  currently 
holding  a  NASA  contract  for  design  of 
a  deep  space  probe  communication 
system.  H 
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" VARIABLE  THRUST  CONTROL  BY  AERATION" 

UTC  DEVELOPMEN1 

TlfflUST  m 

STATE-OF-THE-ART  ADVANCEMENT- United 

Technology  Corporation  takes  pride  in  an- 
nouncing what  may  be  one  of  the  most  im- 

portant liquid  rocket  propulsion  technology 
developments  in  this  decade:  variable  thrust 

control  over  a  range  of  1-to-lOO.  This  com- 

pany-sponsored development  can  provide  up- 
per stage  liquid  rocket  motors  with  the  levels 

of  operational  flexibility  demanded  for  ren- 
dezvous, docking,  and  soft  landing  missions. 

UTC's  new  aerated-thrust  motor  will  permit  a 
spacecraft  to  hover,  translate,  and  re-orientate 
with  a  maximum  degree  of  precision  and 
control. 

COMBUSTION  STABILITY- UTC's  variable  thru 
control  system  is  a  model  of  simplicity, 

inert  gas  is  injected  into  the  propellant  ju 
before  it  enters  the  thrust  chamber.  A  serif 

of  linked  valves  controls  the  propellant/g; 

mixture,  permitting  the  effective  density 

the  propellant  to  be  varied  over  a  wide  ran* 

and  provide  any  desired  thrust  level.  Gas  m; 
be  taken  from  the  same  source  used  to  prei 

surize  propellant  flow.  This  new  techniqi) 

provides  UTC's  rocket  motors  with  a  degr« 
of  combustion  stability  never  before  accoi 

plished  by  any  thrust  control  system. 
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[-T0-100 1 1 
IPROVED  MOTOR  PERFORMANCE-Hot  firing 
sts  of  this  UTC  propulsion  device  indicate 

at  motor  efficiency  is  improved  to  95%  of 

eoretical  Isp-  Motor  life  is  prolonged,  since 
e  aeration  technique  prevents  unbalanced 

mbustion,  channeling,  and  erosion  of  thrust 

amber  walls.  The  possibility  of  explosion 

jring  motor  firing  is  almost  completely  elim- 
ated.  The  safety,  reliability,  and  flexibility 

UTC's  new  system  of  variable  thrust  con- 
)l  by  aeration  make  it  a  strong  candidate 
r  use  in  lunar  excursion  missions,  orbital 

vision,  or  module-to-mother-ship  docking. United  Technology  Corporation 
Box  358,  Sunnyvale,  California 
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space  optics 

Astronauts'  Star  Recognition 

Training  Intensifies 

Car/  Zeiss  projector  instrumental  in  aiding  instruction 

in  vehicle  attitude,  navigation  and  research  observation 

by  Paul  Goerz  Langfeld 
President,  Carl  Zeiss,  Inc.,  New  York 

CELESTIAL  RECOGNITION  train- 
ing may  become  a  virtual  prerequisite 

for  manned  space  flight. 
Astronauts  John  H.  Glenn,  M.  Scott 

Carpenter  and  Walter  M.  Schirra  at- 
tended specially  designed  courses  at  the 

Morehead  Planetarium  of  the  Univer- 
sity of  North  Carolina  at  Chapel  Hill, 

where  a  massive  Carl  Zeiss  Planetarium 
Projector  and  a  Link  trainer  were  modi- 

fied and  programed  to  teach  naviga- 
tional orientation  by  the  stars. 

Now  all  seven  original  Mercury  pro- 
gram astronauts  have  attended  periodic 

intensive  courses  using  the  Zeiss  equip- 
ment, and  new  astronauts  picked  for  the 

Gemini  program  are  expected  to  follow 
suit. 

Though  instruction  in  celestial  rec- 
ognition collectively  occupied  only  a  few 

days  of  the  astronauts'  overall  training, 
it  constitutes  an  important  part  of  space- 

flight preparation.  Three  of  the  in-flight 
tasks  assigned  for  orbital  flight — vehicle 
attitude,  navigation,  and  research  ob- 

servation— are  related  to  celestial  navi- 
gation. 

In  sessions  with  the  Carl  Zeiss  pro- 
jector at  the  planetarium,  astronauts 

learned  to  identify  the  constellations 
and  major  stars  as  seen  through  the 
viewport  of  a  space  capsule.  With  a 
simulated  space  vehicle — a  modified 
Link  trainer — they  practiced  correction 
for  orientation  in  relation  to  these  stars. 
And  they  were  briefed  on  unusual  as- 

tronomical phenomena  that  might  be 
encountered  during  flight. 

•  Program  objectives  —  Morehead 
Planetarium's  celestial  recognition  train- 

ing program,  begun  in  1960  and  still  in 
progress,  has  several  goals.  One  of  these 
is  to  give  an  astronaut  a  simple  means 
of  estimating  his  location  and  orienta- 

tion with  respect  to  Earth  when  his  view 
of  Earth  is  obscured  and  he  does  not 
have  use  of  instruments. 

This  information,  of  course,  be- 
comes particularly  important  in  case  of 

emergency  re-entry  necessitated  by  con- 
trol system  failures  or  inability  of  the 

astronaut  to  continue. 
At  the  planetarium,  the  astronauts 

learned  under  simulated  flight  condi- 
tions to  line  up  known  star  patterns 

with  a  grid  scribed  on  a  capsule  view- 
port to  obtain  the  navigational  informa- 
tion desired.  This  system  was  among 

those  used  later  in  actual  spaceflight. 
On  future  missions,  astronauts  may 

also  use  stellar  recognition  information 
to  calibrate  navigation  instruments  dur- 

ing orbital  or  interplanetary  flights. 
Another  major  objective  of  the 

Morehead  course  is  to  help  prepare 
astronauts  for  scientific  observations 
during  flight  by  familiarizing  them  with 
the  celestial  map. 

Astronauts  are  first  taught  imme- 
diate recognition  of  stars  and  constella- 

Photos  courtesy University  of 
North  Carolina 

photo  laboratory. 

tions  while  the  full  sky  is  visible,  pro- 
jected by  the  Carl  Zeiss  instrument.  Then 

a  simulated  capsule  viewport  is  intro- 
duced, obscuring  all  but  small  portions 

of  sky  as  they  would  be  seen  in  flight. 
The  astronauts  are  taught  to  dis- 

tinguish as  normal  or  unusual  any  celes- 
tial objects  or  phenomena.  In  actual 

spaceflight,  they  would  relay  such  in- 
formation back  to  Earth  for  further  ex- 
amination by  scientists  with  radio  and 

optical  telescopes. 
•  Morehead  ideal — The  Morehead 

Planetarium  was  selected  for  this  pro- 
gram because  it  offers,  with  its  Carl  Zeiss 

Planetarium  Projector,  the  most  effec- 
tive equipment  for  highly  condensed  and 

accurate  astronomical  instruction. 
Astronaut  Glenn  said  in  1960  that 

Morehead  "was  selected  for  this  phase 
of  the  training  because  it  had  the  highest 
qualifications  of  any  available,  and  we 
could  not  get  the  information  anywhere 
else."  Morehead  Director  Anthony  F. 
Jenzano  says  that  "for  orbtial  recogni- tion studies,  the  Carl  Zeiss  Planetarium 

LINK  TRAINER 
being  examined  by 
Scott  Carpenter  (in 
trainer),  and  Walter 
Schirra  (far  left). 
Morehead  Planetar- 

ium Head  Technician 
John  Brittain  adjusts 
trainer  and  Plane- 

tarium Director 
A.  F.  Jenzano  is  at 
far  right. 

28 missiles  and  rockets,  November  19,  1962 



STAR  LAMPS  illuminate  Carl  Zeiss  instrument's  32  composite  projectors  in  its  two  large  spheres. 

instrument  proves  to  be  an  invaluable 
asset.  Remarks  to  this  effect  were  ex- 

pressed by  the  astronauts  throughout 
these  sessions." 

Jenzano  said  two  requests  made  by 
astronaut  Walter  Schirra  immediately 
prior  to  his  orbital  flight  were  for  "an 
added  session  in  the  centrifuge,  and  an 
added  session  on  celestial  recognition  at 
Morehead." 

Several  government  agencies  with 
missile/space  activities  have  asked  Jen- 

zano whether  staff  members  other  than 
the  astronauts  might  receive  the  same 
training.  Jenzano  said  the  planetarium 
also  welcomes  missile/space  industry 
queries  regarding  other  possible  applica- 

tions for  the  instruction  and  the  equip- 
ment used. 

•  Preparation  —  The  astronauts 
were  scheduled  for  instruction  in  pairs. 
Four  planetarium  sessions — two  to  three 
hours  each  with  interspersed  breaks — 
were  scheduled  for  each  pair. 

The  astronauts  previously  had  been 
assigned  to  study  the  names,  chronology 
and  first-  and  second-magnitude  stars 
of  the  constellations  of  the  Zodiac — 
starting  with  Aries,  Taurus  and  Gemini, 
and  continuing  chronologically  through 
Capricornus,  Aquarius  and  Pisces. 

"The  belt  of  the  Zodiac  is  18  degrees 
wide,  with  the  ecliptic  as  its  central  line: 
and  the  12  Zodiacal  constellations  each 
comprise  an  area  30  degrees  wide  on 
this  belt,''  Jenzano  points  out.  "With 
this  chronology  and  the  astronaut's  nor- 

mal attitude,  these  constellations  will  ap- 
pear first  at  the  top  of  his  port  and 

continue  to  descend  diagonally." 
•  The  first  day  —  Instruction  of 

each  pair  of  astronauts  began  with  ex- 
ercises in  rapid   identification   of  the 

Zodiacal  constellations  and  location  of 
the  Sun,  Moon  and  planets  within  these 
constellations.  They  had  a  full  view  of 
the  projected  heavens  at  this  time,  with 
the  celestial  sphere  moving  at  its  slow- 

est rate — 360  degrees  in  10.5  min. 
In  the  first  afternoon  session,  the 

astronauts  practiced  recognition  of  addi- 
tional stars  and  constellations  adjacent 

to  the  Zodiac — primarily  those  between 
latitudes  35  and  50  degrees,  north  and 
south  of  the  equator.  At  their  hotel  in 
the  evening,  they  memorized  stellar 
latitudes  and  reviewed  and  tested  each 
other  on  constellation  chronology  and 
constituent  brightest  stars. 

Instructional  material  included  star 
maps,  celestial-terrestrial  globes  and 
reference  texts  on  objects  and  areas  on 
and  adjacent  to  the  proposed  orbital 
flight  path. 

•  Inside  the  "capsule"  —  On  the 
second  day  of  instruction  the  astronauts 
received  their  first  training  inside  the 
simulated  space  capsule  with  a  strictly 
limited  field  of  view.  A  standard  Link 
trainer  was  modified  with  controls  and 
driving  mechanism  to  yaw  like  an  actual 
space  vehicle,  and  fitted  with  a  simu- 

lated viewport. 
Recognition  now  became  more  diffi- 

cult, as  only  a  few  stars  of  each  constel- 
lation were  visible.  The  celestial  sphere 

was  still  moved  at  the  rate  of  360 
degrees  in  10.5  min.,  while  a  yaw  of  up 
to  60  degrees  was  introduced. 

The  planetarium  projector  was 
stopped  for  discussion  whenever  neces- 

sary during  this  and  following  sessions. 
Each  pair  of  astronauts  worked  as  a 

team  on  this  part  of  the  instruction — 
one  would  introduce  excessive  and  er- 

roneous yaw,  while  the  other,  inside  the 

simulator,  corrected  it  with  reference  to 
the  stars. 

During  this  session,  the  celestial 
sphere  was  moved  in  accordance  with 
an  anticipated  equatorial  flight  pattern 
supplied  by  NASA.  In  addition,  the 
astronauts  periodically  correlated  stars 
with  substellar  latitudes  on  Earth.  The 
planetarium  coordinate  lines  of  the 
meridian  and  the  equator  served  as  aids 
in  identifying  these  latitudes,  and  a 
celestial-terrestrial  globe  also  was  used. 

Early  in  the  session,  a  green  line  was 
projected  through  the  planetarium  sky 
to  indicate  the  orbital  path  that  the 
astronauts  were  to  maintain  in  the  view 
of  the  simulated  capsule.  Later,  the 
green  line  was  extinguished,  and  orbital 
paths  were  followed  by  the  stars  alone. 

•  Follow-up  training  —  Just  prior 
to  orbital  flight,  the  astronauts  received 
two  more  days  of  follow-up  training  at 
Morehead  Planetarium.  This  consisted 

of  "celestial  programing" — recognition 
drill — along  specific  anticipated  flight 
orbits. 

Alternate  celestial  paths  consistent 
with  possible  launch  delay  times  were 
also  studied.  For  astronaut  John  Glenn 
this  additional  drill  turned  out  to  be 
well  advised:  Glenn's  actual  orbit  dif- 

fered from  the  originally  anticipated 
path  because  of  launch-time  slippage. 

In  these  follow-up  sessions,  the  view- 
port of  Link  trainer  "capsule"  was  simu- lated by  another,  more  portable  viewing device. 

In  a  space  capsule,  the  astronaut 
looks  simultaneously  through  two  win- 

dows with  different  shapes  and  angular 
placements.  His  vision  area  is  resolved 
into  a  shape  somewhat  different  from 
either  of  the  two  windows. 
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PROJECTOR  uses  32  precision  star  field  plates  to  show  celestial  patterns. 

To  simulate  this  effect,  Jenzano  de- 
vised and  constructed  a  special  device 

that  limits  angular  vision  to  that  of  the 
exact  capsule  viewport  and  that  can  be 
conveniently  and  expediently  used  in- 

dependently by  each  astronaut. 
Carpenter  and  Schirra  took  similar 

follow-up  courses  in  anticipation  of  their 
orbital  flights  on  May  24  and  Oct.  3. 

•  Adapting  the  planetarium — Jen- 
zano and  Morehead's  Head  Technician 

John  Brittain  specially  adapted  the  Carl 
Zeiss  Planetarium  Projector  for  the  as- 

tronaut training  program.  During  the 
program  they  added — and  integrated 
with  the  instrument — two  special  ad- 

justable projectors  to  superimpose  over 
the  planetarium  stars  green  lines  indi- 

cating orbital  flight  lanes.  With  these 
devices,  Jenzano  said,  any  equatorial 
orbital  path— for  any  launch  time  and 
date — can  be  projected. 

Two  lOOO-hr.-life,  1000-watt  star 
lamps  in  the  instrument's  two  large 
spheres  illuminate  32  composite  projec- 

tors, each  showing  a  portion  of  the  sky. 
One  sphere  projects  the  southern  half 
of  the  sky,  the  other  the  northern  half. 

The  32  starfield  plates  are  made  of 
copper  foil  slightly  more  than  .0005  in. 
thick  sandwiched  between  thin  cover 
glasses  and  punched  with  65  different- 
sized  holes — ranging  from  .001  in.  to 
1/32-in.  dia. — to  indicate  different  deg- 

rees of  star  brightness. 
The  brightest  star  —  Sirius  —  and 

three  typical  variable  stars — Mira  Ceti, 
Algol  in  Perseus  and  Delta  Cephei — are 
produced  by  separate  variable  star  pro- 

jectors. Two  special  cylindrical  projec- 
tors show  a  photographed  reproduction 

of  the  Milky  Way. 
Automatic  occulting  devices  dim  and 

finally  black  out  the  stars  as  they  ap- 
proach the  horizon.  Special  optical 

zoom  devices  simulate  visual  effects  that 
would  be  experienced  in  transit. 

•  Projector  capabilities  —  Driven 
on  its  three  axes  by  seven  motors,  the 
Carl  Zeiss  Planetarium  Projector  at 
Morehead  can  demonstrate  the  normal 
apparent  movements  of  the  sky  over  a 
simulated  24-hr.  period  at  several 

speeds. The  instrument  can  show  the 
heavens  from  all  latitudes  in  approxi- 

mately 2.5  min.  and  display  the  com- 
plete processional  cycle — during  which 

the  celestial  poles  of  the  Earth  describe 
a  complete  circle  and  demonstrate  a 
cycle  of  25,800  years  in  1.25  min. 

Shortly  before  the  beginning  of  the 
astronauts'  celestial  recognition  training 
program  in  1960,  Morehead  Planet- 

arium's technical  staff  headed  by  Brit- 
tain completely  disassembled,  refur- 

bished and  re-assembeld  the  projector. 
They  installed  special  collars  on  each  of 
the  large  projection  spheres  to  show 
more  realistically  and  accurately  the  42 
brightest  stars  of  the  first  and  second 
magnitude.  The  collars  are  a  post-war 
development  by  Carl  Zeiss,  Inc.,  whose 
scientist  Dr.  Walter  Bauersfield  invented 
the  projection  planetarium  in  1919. 

The  Morehead  overhaul  was  the 
first  of  its  kind  ever  performed  in  the 
Western  Hemisphere  without  the  guid- 

ance of  a  technician  from  Carl  Zeiss 
headquarters  in  West  Germany. 

•  Future  prospects — The  astronaut 
training  program  at  Morehead  is  still 
in  its  early  stages,  Jenzano  believes,  and 
each  of  the  major  objectives  has  been 
only  partly  achieved. 

Jenzano  expects  celestial  recognition 

training  to  be  stepped  up  as  space  ex- 
ploration advances.  "Considerable  addi- 

tional practice  and  study  will  be  re- 
quired for  the  astronauts  to  attain 

spontaneous  recognition  and  evaluation 
ability,"  he  points  out. 

More  frequent  study  sessions  will  be 
required  in  later  phases,  and  new  needs 
will  undoubtedly  be  revealed  as  overall 
training  proceeds,  Jenzano  predicts. 

Future  space  recognition  training  at 
Morehead  is  expected  to  play  an  in- 

creasingly important  role  in  space  navi- 
gation. Knowing  the  substellar  latitude 

of  given  stars  and  calculating  the  time 
he  has  been  in  orbit,  the  astronaut  has 
two  vector  components  with  which  he 
can  resolve  his  approximate  position 
over  Earth. 

According  to  Jenzano,  "by  knowing 
the  stellar  latitude  (celestial  declina- 

tion) and  longitude  (celestial  right  as- 
cension) of  enough  first-  and  second- 

magnitude  stars,  and  having  the  ability 
to  recognize  these  stars  by  stellar  asso- 

ciation, astronauts  conceivably  can  fol- 
low pre-established  'celestial  skyways' 

through  any  given  orbit  or  space  trip.'" If  several  of  these  stars  are  on  or 
near  the  orbital  latitude,  Jenzano  says, 

they  would  provide  "guidance  points" apparently  moving  along  or  near  a 
scribed  line  on  the  astronaut's  viewport. 
For  any  given  orbit,  specific  stars  would 
be  selected  in  advance  to  establish  the 
celestial  or  orbital  lane. 

"As  space  travel  develops,"  Jenzano 
predicts,  "this  system  is  certain  to 
pioneer  or  reinforce  elaborate  instru- 

ment systems:  for  practical  purposes, 
the  stars  will  prevail  as  visible  and  fixed 
points  of  reference,  with  only  a  minor 
consideration  of  stellar  parallax."  ttl 
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3  DECLINATION  OF  TARGET  VECTOR,  8  (DEGREES) 
°  LAUNCH  AZIMUTHS  FOR  TARGET  DECLINATION  VERSUS  HOUR  ANGLE  FROM  LAUNCH  SITE  TO  TARGET 

How  do  you  launch  into  a  geocentric  planar  trajectory  from  Cape  Canaveral  to  a  specified  target  vector?  This 
family  of  curves  demonstrates  the  interrelationships  of  the  target  vector  declination,  equatorial  hour  angle  and 
launch  azimuth.  They  can  be  used  to  estimate  the  launch  requirements  of  lunar  probes.  For  example,  suppose  a 

lunar  vehicle  launch  is  scheduled  for  July  17, 1968.  At  this  time  the  declination  of  the  moon  will  be  +  10°  (NASA 
Technical  Note  D-911).  Assuming  an  hour  angle  of  80°,  the  launch  azimuth  can  be  found  to  be  +  5°.  The  azimuth 
change  for  a  ±1  hr.  launch  window  (±15°  in  H)  will  be  a  =—  2°to+12°as  can  be  determined  by  moving 
along  the  S  =  10°  line. 

Plotting  complex  launches  to  the  moon  and  planets  is  among 
scores  of  space-oriented  activities  in  progress  at  Astronautics. 
We're  also  deeply  involved  with  the  development  and  design 
of  boosters  and  vehicles  for  space  exploration  and  travel. 

We're  developing,  too,  the  incredibly  precise  electronic  sys- 
tems necessary  to  guide  and  track  and  communicate  with 

these  probes. 

Our  constantly  expanding  efforts  have  created  a  number  of 
outstanding  positions  for  engineers  with  exceptional  ability.  If 

your  interests  and  experience  qualify  you— if  you'd  like  to  work 
mind-to-mind  with  the  top  technical  talent  of  the  space  age— 
we  urge  your  immediate  inquiry. 

You  will  find  details  of  current  positions  on  the  next  page. 
Your  reply,  which  will  be  held  in  complete  confidence,  can  be 
made  on  the  attached  Professional  Placement  Inquiry  form 
or  by  writing  Mr.  R.  M.  Smith,  Chief  of  Professional  Place- 

ment and  Personnel,  Mail  Zone  130-90,  General  Dynamics! 
Astronautics,  5781  Kearny  Villa  Rd.,  San  Diego  12,  California. 
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LUNAR  LANDING  This  space- 
craft conceived  by  General  Dy- 

namics [  Astronautics  is  shown 
backing  down  onto  the  lunar 
surface,  controlled  by  powerful 
retro-rockets,  after  its  journey 
from  the  earth.  The  discarded 

second-stage  fuel  tank  is  shown 
at  right.  Large  tanks,  clustered 
at  base  of  the  capsule  and  clam- 

shell re-entry  glider  vehicle, 
provide  fuel  for  landing  on  the 
moon  and  take-off  power  for 
return  to  earth.  The  tanks  also 
provide  a  measure  of  protection 
against  space  radiation  for  the 
crew.  Rockets  are  arranged  at 
slight  angles  to  the  craft  to 
avoid  problems  in  landing 

which  might  be  caused  by  "dig- 
ging" holes  in  the  surface  of 

the  moon. 

DYNAMICS  ENGINEERING 

BS  or  MS  in  engineering,  physics  or  math  with  two  or  more  years 
of  experience  and  familiarity  with  the  application  of  analog  and 
digital  computer  techniques  for  openings  in  the  following  areas: 

STABILITY  AND  CONTROL:  to  conduct  theoretical  studies  on 
the  control  dynamics  of  large  space  boosters  and  space  vehicles. 
To  determine  stability  and  transient  response  of  space  boosters 
in  the  presence  of  propellant  sloshing,  elastic  bending  modes,  and 
non-linear  servo  characteristics.  Must  be  familiar  with  analysis  and 
synthesis  techniques  for  establishing  and  evaluating  control  system 
parameters.  Background  in  theoretical  dynamics  is  required  to 
simulate  control  system  environments  and  general  dynamics  be- 

havior of  space  boosters. 

STRUCTURAL  DYNAMICS:  to  determine  response  of  an  elastic 
space  vehicle  to  transient  loadings  such  as  atmospheric  turbulence, 
engine  ignition,  vehicle  staging.  Openings  also  exist  in  establishing 
vibration  environment  based  upon  test  or  empirical  data  for 
evaluation  of  components  and  systems  .  .  .  and  for  monitoring 
tests  of  complete  or  scaled  dynamic  models  of  space  vehicles, 
including  layout  of  test  plan,  instrumentation  requirements,  scal- 

ing factors,  etc. 

AEROTHERMODYNAMICS  ENGINEERING 

BS  or  MS  in  ME  or  AE  to  develop  design  criteria  and  perform 
methods  development  in  the  area  of  thermodynamics.  Particular 
considerations  are  re-entry  heating,  heat  dissipation  in  free  space, 
and  aerothermal  heat  sources.  Should  have  two  years  of  experience. 

FLIGHT  MECHANICS 

Analytically  talented  graduate  engineers  at  all  levels  required  for 
staffing  of  new  Flight  Mechanics  Development  Section.  Programs 
include  aerospace  vehicle  guidance  and  automatic  control,  aero- 
elasticity,  and  aerophysics.  Responsibilities  of  the  Section  also  in- 

volve technical  analyses  and  simulation  work  in  support  of  all 
space  vehicle  programs  at  Astronautics. 

WEIGHTS  ENGINEERING 

BS  in  engineering  or  physics  with  two  years  of  experience  in  the 
establishment  of  system  and  component  weight  allowances  and 
controls.  Will  work  with  predesign,  design,  and  test  functions  to 
control  system  and  vehicle  weight  and  balance. 

GUIDANCE  AND  TRAJECTORY  ANALYSIS 

Positions  exist  in  the  following  three  areas  tor  specialists  who  are  ji 
familiar  with  computer  techniques,  possess  a  degree  in  engineering,  fl 
physics,  or  mathematics,  and  have  at  least  two  years  of  appropriate 
experience: 
1.  Development  of  guidance  equations  and  techniques  necessary  U 
to  perform  launch,  satellite  rendezvous,  lunar  landing,  re-entry,  I 
and  return  to  prescribed  earth  sites.  Will  investigate  both  auto- 1) 
matic  and  manual  techniques,  and  define  the  proper  role  of  man 
in  these  maneuvers.  Assignments  also  involve  the  development  of 
techniques  for  defining  optimum  trajectories  for  aerospace  missions 
using  the  calculus  of  variations,  dynamic  programming,  and  the  I 
method  of  gradients,  plus  the  incorporation  of  optimization  tech-  11 
niques  into  the  development  of  guidance  equations. 
2.  Investigation  and  organization  of  characteristics  of  lunar  and 
interplanetary  trajectories.  Will  interrelate  such  parameters  as  ve- 

locity requirements,  launch  window,  time  of  flight,  inclination 
angles,  and  trajectory  characteristics  at  the  target  body.  Will  also 
design  trajectories  to  satisfy  prescribed  mission  requirements. 
3.  Development  of  techniques  for  determining  the  best  estimate 
of  spacecraft  position  and  velocity  from  optical  and  radar  meas- 

urements within  the  confines  of  a  spacecraft  computer  using 
statistical  filtering. 

OPERATIONS  AND  SYSTEMS  ANALYSIS 

Projects  involve  the  study  and  development  of  advanced  ballistic 
missiles  and  boosters,  plus  both  military  and  non-military  orbital 
and  space  systems.  Responsibilities  include  advanced  systems  plan- 

ning, conceptual  design,  and  systems  evaluation.  Advanced  degree 
preferred;  three  years  of  appropriate  experience  required. 

ADVANCED  ELECTRONIC  SYSTEMS 

Assignments  are  on  such  projects  as  giant  boosters,  nuclear-pro- 
pelled space  vehicles,  earth-to-moon  logistics  bus,  and  space  sta- 
tions. Experience  should  include  advanced  design  work  in  such 

electronic  areas  as  guidance,  communications,  telemetry,  data 
processing  systems,  antenna  systems,  or  electronic  ground  support 
systems.  An  advanced  degree  is  required. 

//  the  inquiry  card  has  been  removed,  or  if  you  wish  to  furnish  or 
request  more  detailed  information,  please  write  to  Mr.  R.  M. 
Smith,  Chief  of  Professional  Placement  and  Personnel,  Mail  Zone 
130-90,  General  Dynamics  \  Astronautics,  5781  Kearny  Villa  Road, 
San  Diego  12,  California. 
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space  systems 

Navy  Ponders  Tactical  Sea  Launches 

Contract  for  Chrysler  feasibility  study  stems  from  firm's 
pre-Polaris  work;  will  cover  hull  motion,  launch  dynamics 

NAVY  OFFICIALS  are  taking  re- 
newed interest  in  sea  launch  of  tactical 

payloads  into  space  with  award  of  a 
second  contract  in  this  field  to  Chrysler 
Corp.  The  contract  calls  for  a  feasibility 
study  of  launching  both  research  and 
development  and  tactical  payloads. 

The  study  is  already  underway.  It 
is  to  cover  motion  studies  of  hulls, 
launching  dynamics,  launching  tech- 

niques and  the  arrangement  of  the  ship- 
board complex.  The  company's  experi- ence in  the  sea  launch  of  rockets  stems 

from  its  pie-Polaris  work  with  the  Navy 
on  adapting  the  liquid-fueled  Jupiter 
IRBM  to  surface  ships.  (The  concept 
was  later  dropped  in  favor  of  the  solid- 
fueled  Polaris  because  of  the  hazards 
associated  with  storing  liquid  fuels 
aboard  ships.) 

•  Advantages  of  sea  launch — Pri- 
mary reasons  for  the  renewed  interest 

in  sea  launches  of  rockets  are  flexibility, 
increased  payload  possibilities  and  tac- 

tical advantages  which  are  attainable 
with  ship  launchings. 

Unlike  launching  from  one  of  the 
four  major  sites  in  this  country,  a  ve- 

hicle launched  from  a  ship  can  be  pre- 
positioned  almost  anywhere  in  the  world 
to  take  advantage  of  special  conditions. 
For  example,  if  a  payload  is  to  be  placed 
in  a  24-hour,  synchronous  orbit  from 
Cape  Canaveral,  considerable  payload 
must  be  sacrificed  in  order  to  accom- 

modate the  more  complex  guidance 
equipment  and  increased  propulsion  re- 

quired to  dog-leg  the  payload  into  the 
desired  orbit. 

Utilizing  a  surface  ship  to  launch 
the  same  payload  from  the  equator, 
however,  has  several  distinct  advantages. 
Guidance  requirements  are  less  com- 

plex and  therefore  considerably  lighter. 
Propulsion  requirements  are  less,  since 
it  is  unnecessary  to  change  the  initial 
launch  plane  through  the  launch  site  to 
the  equatorial  plane. 

These  less  stringent  constraints  could 
create  an  additional  payload  advantage 
of  almost  80%  for  low  Earth  orbits 
with  a  decreasing  advantage  as  the  or- 

bital altitude  increases.  Part  of  this  pay- 
load  gain,  of  course,  is  attributable  to 
taking  full  advantage  of  the  Earth's 

spin  at  the  equator — a  velocity  incre- 
ment gain  of  approximately  180  ft./sec. 

over  launching  from  Cape  Canaveral. 
Tactically,  sea  launches  would  en- 

able the  Navy  to  achieve  optimum  low- 
inclination  orbits  for  some  of  its  satel- 

lites. Transit,  for  example,  when  it  be- 
comes operational,  will  require  a  22.5° 

orbit  for  ideal  world-wide  coverage. 
Since  it  is  impossible  to  achieve  less  than 
a  28°  orbit  inclination  in  easterly 
launches  from  Cape  Canaveral,  the 
Navy  has  decided  to  launch  the  opera- 

tional Transit  from  the  Pacific  Missile 
Range  into  polar  orbit.  Sea  launch 
would  eliminate  this  less-than-optimum 
navigational  coverage  by  permitting  the 
payloads  to  be  launched  at  the  desired 
inclination  and  in  the  desired  direction. 

Another  tactical  advantage  would 
be  the  use  of  sea  launches  to  improve 
the  reconnaissance  capability  of  the 
Fleet  Commander.  Under  Projects  Yo- 
Yo  and  Albatross,  the  Navy  has  studied 
the  use  of  a  one-pass  reconnaissance 
satelloid  to  gather  intelligence  on  enemy 
fleet  deployments.  These  payloads — 
launched  from  surface  ships  attached 
to  the  fleet — would  provide  Navy  com- 

manders with  up-to-date,  long-range 
tactical  information. 

•  Astronautics  ship  concept — Fea- 
sibility of  launching  rockets  from  ships 

at  sea  was  well  proven,  the  Navy  feels, 
by  its  firing  of  Polaris  missiles  from 
submarines,  the  Observation  Island  and 
the  Norton  Sound.  Also,  the  feasibility  of 
shipboard  tracking,  telemetry  and  con- 

trol has  been  demonstrated  by  the  use 
of  tracking  ships  throughout  the  space 

program. What  is  needed  is  the  design  and 
construction  of  an  integrated  astronau- 

tics ship  which  would  combine  the 
launching  and  tracking  functions. 

This  also  is  the  chief  disadvantage  of 
the  astronautics  ship  concept.  It  would 
necessitate  development  of  techniques 
and  equipment  to  perform  at  sea  func- 

tions already  mastered  on  land.  In  ad- 
dition, new  factory-to-launch  techniques 

probably  would  be  necessary  to  insure 
minimum  handling  and  maximum  reli- 

ability of  the  launch  vehicles. 

Under  sponsorship  of  the  Navy's 

Bureau  of  Ships,  however,  various  hull 
designs  have  been  considered — ranging 
from  aircraft  carriers  to  Victory  ships. 
The  larger  ships  were  rejected  because 
of  the  high  cost  of  converting  and  op- 

erating them;  the  smaller  hulls  were  con- sidered too  small. 
A  seaplane  tender  (AV)  was  finally 

selected  as  ideally  suited  for  an  astro- 
nautics ship.  It  has  both  the  speed  and 

seakeeping  ability  to  operate  effectively 
in  navigable  waters  throughout  the 
world.  At  the  same  time,  it  has  enough 
internal  volume  to  house  the  launching 
crew,  vehicle  storage  and  handling  facil- 

ities and  large  radar  tracking  and  micro- 
wave communications  and  telemetry  an- 

tennas. The  launch  pad  could  be  easily 
fitted  on  the  fantail. 

The  astronautics  ship  concept  was 
outlined  by  Lt.  Cmdr.  E.  B.  Mitchell 
and  Lt.  Cmdr.  B.  I.  Edelson  in  the 
Naval  Engineers  Journal  for  August, 
1962,  and  by  Edelson  in  the  A.S.N.E. 
Journal,  February,  1961. 

•  Launch  vehicles — Under  the  con- 
cept, the  ship  would  be  fitted  to  launch 

the  still-to-be-approved  Seascout.  This  is 
a  four-stage  solid-propellant  vehicle  dif- 

fering from  NASA's  Scout  in  that  it uses  the  first  two  stages  of  the  Polaris 
and  the  last  two  stages  of  the  space 
agency  vehicle.  The  payload  capability 
of  Seascout  is  not  discussed,  but  it  is 
estimated  that  the  launch  vehicle  would 
be  able  to  put  several  thousand  pounds 
in  a  low  Earth  orbit. 

Although  it  would  be  outfitted  for 
Seascout,  the  Navy  says  that  Scout,  Blue 
Scout  and  Minuteman  could  be  launched 
from  the  ship,  if  desired.  Smaller  space 
probes,  such  as  Aerobee  and  Astrobee, 
also  could  be  fired. 

Recognizing  the  hazards  of  liquid- 
fueled  vehicles,  the  Navy  nevertheless 
claims  that  vehicles  of  the  Saturn-class 
could  be  launched  at  sea.  Under  a  con- 

cept proposed  by  the  Bureau  of  Yards 
and  Docks,  a  floating  drydock  would 
be  used  as  the  launch  pad  while  a  sec- 

ond ship  anchored  close  by  would  pro- 
vide the  checkout,  launch,  tracking  and 

telemetry  facilities.  This  concept  would 
be  particularly  attractive,  the  Navy  feels, 
for  the  launching  of  nuclear  rockets.  8 
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Black  Granite  May  Fulfill 

Need  for  Lab  Standard 

by  Richard  van  Osten 

BLACK  GRANITE  optical  rails  have  shown  deflections  of  less  than  0.00001  in.  over 
10-ft.  lengths  while  supporting  a  1000-lb.  centered  weight  for  30  days. 

Hawthorne,  Calif. — The  use  of 
black  granite  in  optical  rails  promises 
to  help  greatly  in  providing  a  critical 
aerospace  industry  need — modern  labo- 

ratory standards  for  evaluation  and  de- 
velopment of  optical  systems. 

The  concept  of  exploiting  black 
granite,  long  a  standard  material  for 
high-precision  surface  plates,  grew  out 
of  a  cooperative  program  by  the  Nor- 
tronics  Div.  of  the  Northrop  Corp.  and 
Collins  Microflat  Co.,  Inc.  Nutronics 
studied  materials  other  than  the  conven- 

tional steel  and  determined  that  black 
granite  was  a  near-ideal  material  for  the 
purpose.  Collins  Microflat  was  ap- 

proached to  produce  the  rails  to  Nor- 
tronics  specifications  (it  has  since  been 
licensed  by  Northrop  to  produce  granite 
rails  for  other  companies).  The  concept 
is  being  patented  by  Northrop. 

The  first  set  of  primary  standard 
rails.  60  ft.  long  in  six  10-ft.  lengths,  is 
now  being  installed  and  checked  out  at 
Northrop's  Research  Laboratories,  Palos 
Verdes,  Calif.  The  Nortronics  rail  in- 

stallation is  Air  Force-owned,  and  re- 
places earlier  AF-owned  steel  rails. 

Early  Nortronics  planning  for  the 
Skybolt  guidance  system  helped  to  bring 
new  attention  to  the  need  for  better 
optical  rails.  The  division  was  faced 
with  similar  problems  on  allied  projects, 
including  long  and  short-range  Earth 

sensors  for  JPL,  an  optical-type  star 
simulator,  a  space  vehicle  star  tracker 
and  a  space  vehicle  sun  sensor. 

Nortronics  engineers  point  out  that 
current  requirements  in  analyses  of  simu- 

lated star  signals  for  intensity,  focus 
and  image  quality  are  an  industry-wide 
problem.  Today's  reliability  perform- 

ance needs  would  not  have  been  pos- 
sible even  two  or  three  years  ago. 

•  Vibration  trouble — Optical  rails 
have  been  around  a  long  time — as  a 
standard  lab  tool  and,  more  recently, 
for  system  evaluation  programs  as  well 
as  upstream  tools  for  analyses  of  optical- 
type  simulators  aimed  at  checking  out 
and  calibrating  end  systems.  Biggest 
problem  has  been  the  vibration  char- 

acteristics of  existing  steel  rails  as  re- 
lated to  improvements  in  simulators 

and  photometers.  The  problem  has 
grown  to  where  star  simulation  cannot 
be  made  within  present  standards  on 
steel  rails. 

Nortronics  studies  showed  steel  rail 
vibration  amplitudes  as  high  as  20  to  30 
arc  seconds  over  extended  periods.  Pre- 

cise measurements  of  image  quality  and 
focus  has  been  impossible,  especially 
when  using  a  10-arc-sec. -diameter  pin 
hole  aperture.  With  an  internal  damp- 

ing factor  some  15  times  greater  than 
steel,  black  granite  should  eliminate 
this  problem. 

In  the  GAM  87  A  simulation  pro- 
gram, Nortronics  uses  photometric  and 

image  analysis  equipment  mounted  on 
optical  rails  in  a  room  that  can  be  com- 

pletely darkened.  The  test  equipment  and 
the  unit  under  test  are  locked  in  position 
on  the  rails  to  provide  focus  and  in- 

tensity conditions.  After  accurate  ad- 
justment of  optical  alignment,  intensity 

and  image  analysis  are  measured.  From 
final  alignment  to  test  completion,  me- 

chanical stability  is  essential.  Because 
photoelectric  measurements  are  made 
in  a  series,  alignment  cannot  be  verified 
until  series  completion.  Any  change 
after  an  alignment  check  will  require 
repetition  of  the  whole  thing. 

The  need  for  improved  performance 
has  become  more  urgent  with  increasing 
numbers  of  light  standards,  star  sky 
simulators,  photometers  and  instrument 
telescopes  which  require  testing  and 
analysis.  Low  values  in  image  qualities 
can  easily  result  in  a  10%  error  in 
system  calibration,  in  discrepancies  be- 

tween simulators,  and  between  different 
instrument  telescopes. 

Steel  optical  rails,  in  general,  offer 
tolerance  ratings  on  the  order  of  0.002 
in.  The  Nortronics  steel  unit  has  a  tol- 

erance of  0.003  in  8  ft.  But  testing 
of  the  GAM  87 A  simulator  unit  in- 

volves tolerances  of  only  0.0005  in.  in 
10  ft.  The  black  granite  rails  can  be 
built  to  within  this  tolerance,  and  can 
maintain  all  surface  dimensions  at  tem- 

peratures from  below  zero  to  1000°F without  warp  or  distortion. 
•  Highly  stable — The  granite  rails 

are  expected  to  pay  big  dividends  in 

time  savings  because  of  the  material's stability.  In  one  test,  deflection  of  less 
than  seven  millionths  of  an  inch  was 
measured  in  a  10-ft.  rail  upon  which 
a  1000-lb.  weight  had  been  centered 
for  30  days.  Stability  provides  test 
repeatability. 

The  repeatability  factor  may  offer 
the  greatest  advantage  in  both  precision 
and  manhour  cost.  In  an  initial  read- 

ing of  the  simulator,  for  aperture  po- 
sitioning, 48  position  readings  can  be 

made  in  eight  hours.  A  second  reading 
for  repeatability,  aperture  alignment, 
runs  to  24  position  readings  and  four 
hours.  With  steel  rails  these  tests  may 
have  to  be  repeated  as  many  as  six  to 
10  times  and  a  time  investment  of  any- 

where from  60  to  96  hours. 

Nortronics  calculated  that  the  gran- 
ite rails  have  a  productivity  ratio  of  6 : 1 

over  steel  units.  Test  times  for  other 
readings  are  similarly  reduced. 

Other  advantages  of  the  granite  rail 
include  lack  of  oxidation,  a  problem 
constantly  facing  steel  rail  users.  Main- 

tenance cost,  for  example,  will  probably 
require  only  one  hour  per  month,  based 
upon  present  experience  with  black 
granite  surface  plates.  8 
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New  Furnace  Advances  Refractories 

Centrifugal  unit  aids  in  studying 

behavior  of  liquid  elemental  metals 
by  John  F.  Judge 

INVESTIGATIONS  beyond  the 
5000°K  existence  range  of  chemical 
compounds — now  under  way  at  the  Re- 

search Institute  of  Temple  University  in 
Philadelphia — may  provide  information 
crucial  to  many  advanced  concepts  in 
space  propulsion  and  allied  fields. 

Scientists  there  are  conducting  high- 
temperature  studies  into  the  chemical 
behavior  of  liquid  elemental  metals  be- 

yond the  practical  limits  imposed  by 
solid  refractory  containers. 

Even  the  high-temperature-contain- 
ing capabilities  of  refractories  such  as 

tungsten,  thorium  oxide  and  graphite 
cannot  be  fully  used  as  containment 
means  because  of  chemical  reactions  be- 

tween the  container  and  the  substance 
under  study,  and  also  because  of  ther- 

mal shock. 
The  method  chosen  by  Dr.  A.  V. 

Grosse,  president  of  the  Institute,  and 
his  staff  involves  the  combination  of  a 
noble-gas  plasma  jet  and  a  centrifugal 
furnace.  The  substance  under  investiga- 

tion floats  on  a  bath  of  refractory  mate- 
rial held  against  the  outer  rim  of  the 

circular  furnace  by  centrifugal  force. 
The  problem  of  containment  in  liq- 
uid containers  was  solved  in  principle 

in  1950,  with  the  design  of  a  centrifugal 
chemical  reactor  consisting  of  a  large 
steel  pipe  lined  with  A1203  bricks.  The 
unit  was  rotated  horizontally  at  a  few 
hundred  rpm  while  aluminum  metal  re- 

acted with  02  to  form  A1203  at  an  aver- 
age temperature  of  3800°K. 
•  Method's  limitations — But  the 

limiting  disadvantage  of  the  chemical 
furnace  is  its  need  to  be  coupled  to  an 
exothermic  chemical  reaction — render- 

ing it  impossible  to  study  anything  but 
the  reaction  taking  place. 

Institute  researchers  eliminated  this 
by  using  a  plasma  jet  as  a  heating 
source,  with  a  noble  gas  such  as  helium 
or  argon  operating  in  the  5000°  to 
15,000°K  range. 

The  furnace  consists  of  a  steel  cyl- 
inder approximately  12  cm  in  diameter 

surrounded  by  a  water  jacket.  The  unit 
is  rotated  on  ball  bearings  by  a  1-hp 
variable  drive  motor  with  a  range  from 
500  to  1500  rpm. 

The  interior  of  the  steel  pipe  can  be 
filled  with  any  suitable  insulation  mate- 

rial. The  reaction  section  is  composed 
of  a  number  of  coaxial  tubes  of  any 
oxide  or  graphite. 

A  prerequisite  to  successful  opera- 
tion of  any  centrifugal  reactor  is  that 

the  density  of  the  liquid  reactant  be 
less  than  that  of  the  liquid  container. 
This  governs  the  choice  of  the  reaction- 
area  materials. 

•  Operation  described — An  Al20:i 
tube  was  first  melted  by  heating  in  the 
plasma  jet.  The  liquid  oxide  could  be 
observed  through  the  exit  port.  A  solid 

rod  of  aluminum  of  known  weight 
was  then  introduced  at  a  slight  angle 
through  the  exit  port.  Melting  in  a  few 
seconds,  it  floated  on  the  liquid  oxide 
and  came  to  a  boil  in  three  minutes, 
distilling  out  through  the  exit  port.  The 
process  was  run  at  one  atmosphere. 

On  cooling  the  furnace,  the  re- 
searchers found  the  innermost  oxide 

tube  had  melted  over  a  length  of  about 
10  cm  and  the  remaining  aluminum 
metal  formed  a  sharp  cylindrical  band 
on  the  A1203.  This  band  was  about  3 
cm  wide  and  approximately  3  mm  thick, 
with  both  phases  perfectly  defined  and 
separate.  Institute  scientists  have  also 
melted  a  thorium  oxide  tube. 

The  ratio  of  the  vapor  pressure  of 
the  container  to  the  total  pressure  can 
be  adjusted  as  desired  by  operating  the 
plasma  jet  and  the  furnace  at  a  higher 
total  pressure. 

The  process  is  not  particularly  suited 
to  determining  physical  properties,  such 
as  density  and  electrical  resistivity,  be- 

cause of  imperfect  geometry.  These 
measurements  can  be  made  in  a  cen- 

trifugal furnace  heated  by  ohmic  resist- 
ance. The  Institute  is  working  on  such 

a  reactor. 
The  development  provides  a  route  to 

extend  research  on  chemical  reactions 
in  the  liquid  phase  to  a  much  higher 
temperature  range  than  was  previously 

possible. 

SAMPLES  TO  BE  studied  are  introduced  through  exit  port,  somewhat 
obscured  here  because  of  the  high  operating  temperature.  Furnace  consumes 
8  to  15  kw  power  with  a  helium  flow  between  15  and  30  liters  per  minute. 

AFTER  SOLIDIFICATION,  aluminum  is  clearly 
defined  inside  the  aluminum  oxide  tube.  Light  gray 
area  is  aluminum. 
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Two  Can  Easily  Land  Moon  Capsule 

Langley  studies  indicate  one  pilot  would 

be  too  busy,  over-cautious  during  touchdown 
by  Heather  M.  David 

NASA  REPORTS  it  has  determined 
that  two  pilots  can  easily  land  a  capsule 
on  the  Moon. 

In  a  series  of  pilot  studies  in  simu- 
lated lunar  landing  vehicles  at  the  space 

agency's  Langley  Research  Center,  the 
soft  landings  were  made  at  velocities  up 
to  10%  higher  than  the  computed  goal. 
This  was,  however,  considered  to  be 
within  a  safe  margin. 

Both  one-  and  two-pilot  studies  were 
conducted,  NASA  says,  and  accuracy 
and  fuel  consumption  were  about  the 
same  for  both.  However,  the  researchers 
concluded  that: 

—The  single  pilot  was  extremely  busy 
during  touchdown,  as  he  scanned  and 
interpreted  displays  and  manipulated 
thrust  and  attitude  controls.  This  led 
to  over-cautiousness  and  resulted  in  pro- 

longed periods  of  hovering — and  even 
some  climbing — before  landing. 

—The  entire  procedure  was  "rather 
easy"  for  two  pilots.  In  this  mode,  one 
pilot  operated  the  throttle,  the  other  the 
attitude  control  system. 

The  pilots  generally  landed  with 
touchdown  velocity  components  of  less 
than  4  feet  per  second  and  within  a 
range  of  about  2000  feet  of  the  target 
site. 

No  automatic  damping  or  automatic 
control  was  provided  in  the  simulation. 
The  subjects  were  required  to  land  the 
vehicle  from  a  circular  orbit  at  about 
50  miles  above  the  Moon.  Six  equations 
of  motion  were  used,  permitting  all  six 
rigid  body  degrees  of  freedom  of  the 
vehicle. 

The  lunar  landing  vehicle  (see  dia- 
gram) was  a  squat,  circular  body.  The 

cockpit  instrument  panel  supplied  data on: 

•  Altitude  —  near  touchdown 
(around  10,000  ft.)  a  three-hand  altim- 

eter provided  information  within  two 
feet. 

•  Rate  of  descent — a  three-hand 
meter  showed  rate  of  descent  within 
0.2  ft./ sec.  The  meter  was  scaled  for 
1000  fps. 

•  Circumferential  velocity — a  gal- 
vanometer-type meter  displayed  circum- 

ferential velocity  in  combination  with 
automatic  switching.  Three  scales  were 
available:  0-6000  fps,  0-600  fps,  and 
0-60  fps.  This  could  be  read  within 

one  fps. 

•  Vehicle  attitude — a  vernier  pitch 
attitude  indicator  scaled  to  read  from 
85°  to  95°  could  be  read  to  a  fraction 
of  a  degree. 

A  number  of  trajectories  were  in- 
vestigated, among  them  a  nominal  grav- 

ity-turn trajectory,  in  which  thrust  was 
always  directed  against  the  velocity,  vec- 

tor, and  several  off-nominal  trajectories. 
All  landings  were  instrument  land- 

ings. Range  and  altitude  were  uncoupled 
by  using  the  throttle  for  range  control 
and  the  attitude  control  to  adjust  alti- 

tude. During  vertical  descent,  the 
throttle  was  used  to  control  altitude,  and 
rate  of  descent,  and  altitude  control  for 
range  and  circumferential  velocity.  8 

Huge  Solar-Energy 
Collector  Readied 

THIS  REFLECTOR,  said  to  be  the  largest 
ever  built  for  solar-energy  collection  to 
power  future  spacecraft,  is  being  built  at 
Goodyear  Aircraft  Corp.'s  Arizona  Div., Litchfield  Park.  Workers  apply  strips  of 
aluminized  film  to  a  giant  form  on  which 
the  45-ft.  inflatable  foam  rigidized  collec- 

tor is  taking  shape.  Concentrator  will  sup- 
ply 15  kilowatts  of  power  —  enough  to 

supply  the  requirements  for  three  modern 
homes.  Ground  tests,  part  of  the  Air 
Force's  Advanced  Solar  Turbo  Electric 
Concept,  are  set  for  early  next  year. 
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ANNA 

Flashes 

Captured 

On  Film 

SNAPPED  AT  3:30  a.m.  Nov.  2,  this 
photo  is  believed  to  be  the  first  in  which 
the  geodetic  satellite  ANNA  was  identi- 

fied. Photo  was  taken  by  the  U.S.  Coast  & 
Geodetic  Survey  at  Aberdeen  Proving 
Ground,  Md.  As  satellite  was  only  50 
microns  in  diameter  on  the  photo  plate, 
C&GS  technicians  in  Washington,  D.C., 
required  precise  photogrammetric  instru- 

ments to  analyze  the  photos  obtained. 

TO  ILLUSTRATE  how  ANNA  is  pinpointed  against  a  star  back- 
ground, drawing  shows  cameras  at  three  widely  separated  points 

simultaneously  recording  the  satellite's  position  against  the  sky. 

WILD  BC-4  CAMERA  recorded  a  test  sequence  of  five 
flashes  from  ANNA.  Shutter  operation  for  the  camera  is 
synchronized  with  a  common  time  reference  (VLF  time 
signals)  to  within  a  millisecond. 
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Improvements  Foreseen 

In  Microwave  Receivers,  Transistors 

Advancement  also  forecast 

for  maser,  tunnel-diode 

and  parametric  amplifiers 

by  Michael  Getler 

Boston — Continued  improvements 
in  low-noise  solid-state  microwave  re- 

ceiver systems  and  transistor  compon- 
entry were  predicted  by  scientists  and 

engineers  at  the  16th  Northeast  Elec- 
tronics Research  and  Engineering  Meet- 

ing (NEREM)  held  here  earlier  this 
month  (M/R,  Nov.  12,  p.  16). 

New  progress  in  development  of 
maser,  parametric,  and  tunnel  diode 
amplifiers — already  proceeding  very 
rapidly — was  forecast  in  a  paper  pre- 

sented by  Sy  Okwit  of  Airborne  Instru- 
ment Laboratory  in  Long  Island,  N.Y. 

Okwit,  discussing  the  current  maser 
state  of  the  art,  pointed  to  introduction 
of  the  traveling-wave  maser  as  the  ma- 

jor factor  in  elimination  of  many  of 
the  stability  gain  and  tuning  problems 
normally  associated  with  cavity  masers. 

Also,  he  noted  that  the  coming  avail- 
ability of  closed-cycle  refrigeration  sys- 

tems should  aid  substantially  in  solv- 
ing the  logistics  problems  associated 

with  maser  cryogenics.  This  could  be- 
come especially  significant  with  devel- 

opment of  small  ComSat  ground  sta- 
tions dependent  upon  maser  receivers 

for  adequate  signal  reception. 
Elimination  of  bulky  electromagnets 

through  introduction  of  new  high-field/ 
high-current  density,  lightweight  super- 

conducting alloys  should  also  contrib- 
ute to  eventual  maser  use  in  airborne 

systems,  the  author  reports. 
Many  engineers  believe  this  air- 

borne application  is  still  considerably  in 
the  future,  with  most  of  the  current 
receiver  effort  likely  to  remain  focused 
on  ground  station  applications. 

•  Future  systems — Discussing  char- 
acteristics of  future  maser  amplifiers. 

Okwit  expects  devices  will  be  made  avail- 
able with  greater-than-octave  tuning 

ranges  as  well  as  instantaneous  band- 
width greater  than  40%.  He  also  pre- 

dicts that  use  of  low-temperature  ferri- 
magnetic  limiters  as  protection  devices 
will  aid  considerably  in  solving  maser 
recovery-time  problems. 

The  author  feels  that  a  completely 
solid-state  maser  system  can  be  achieved 
by  using  the  recently  discovered  super- 

conducting thin-film  tunneling  effect  as 
a  microwave  or  millimeter  pump  source. 
A  proposed  configuration  consists  of  a 
parallel-plate  transmission  line  contain- 

ing a  distributed  tunneling  region  evap- 
orated directly  on  the  paramagnetic 

crystal  and  immersed  with  the  maser  in 
a  common  bath. 

Also  noted  by  Okwit  are  some  of 
the  new  maser  materials  which  yield 
relatively  high  inversion  temperatures, 
allowing  operation  at  higher  bathe  tem- 

peratures without  loss  of  low-noise 
qualities.  In  addition  to  this  obvious 
advantage,  the  author  predicts  this  will 
extend  efficient  maser  operation  to  the 
sub-millimeter  range.  Use  of  cross- 
relaxation  and  optical  pumping  tech- 

niques, the  author  claims,  can  circum- 
vent current  unavailabilities  in  sub- 

millimeter  pump  sources. 
Commenting  on  parametric  ampli- 

fiers, generally  considered  to  be  second 
to  masers  in  terms  of  low-noise  per- 

formance, Okwit  points  out  that  most 
engineering  effort  to  date  has  been  di- 

rected toward  improving  low-noise  per- 
formance and  increased  fractional  volt- 

age gain-bandwidth  products.  In  the  first 
case,  effort  has  been  pointed  primarily 
at  refrigeration  and  materials  studies, 
and  in  the  latter  case  at  cascading  am- 

plifier stages,  multiple-tuned  circuits, 
and  push-pull  diode-type  circuits. 

However,  Okwit  points  out  that  ad- 
ditional work  should  be  aimed  at  devel- 

opment of  traveling-wave  and  backward- 
wave  amplifiers.  He  feels  that  these 
devices  will  be  useful  in  a  host  of  re- 

ceiver system  applications.  In  particular, 
he  cited  one  new  class  of  BWPAS  re- 

portedly capable  of  rapid  tuning  over 
greater-than-octave  tuning  ranges  with 

the  output  frequency  remaining  con- 
stant. 

Okwit  also  looks  for  major  improve- 
ments in  tunnel  diode  materials  and 

amplifier  configurations  in  the  future. 
New  research  into  cooled  diode  char- 

acteristics may  turn  up  significant  gains 
for  the  devices,  he  reports.  Also,  tunnel 
diode  amplifiers  may  become  extremely 
useful  in  the  millimeter  region  in  the 
near  future,  since  the  required  negative 
resistance  can  be  achieved  without  the 
high-frequency  pumping  sources  which 
are  not  now  available  in  this  frequency 
range. 

•  Transistor  capability  —  A  paper 
by  J.  M.  Goldey  of  Bell  Telephone 
Laboratories,  Inc.,  summarizing  the  cur- 

rent transistor  state  of  the  art  concludes 
that  the  devices  are  approaching  their 
ultimate  capability  with  respect  to  fre- 

quency performance  and  noise  level,  but 
that  considerable  room  for  growth  ex- 

ists in  power-handling  capabilities,  low- 
power  operation,  and  reliability. 

Goldey  predicts  that  application  of 
superior  diode  encapsulation  techniques 
to  transistors  will  be  a  major  factor  in 
improving  reliability  of  the  components. 
Improvement  in  transistor  low-noise 
performance,  the  author  believes,  will 
come  with  greater  understanding  of  the 
surface-generated  L/F  noise.  Other 
prime  sources,  shot  and  thermal  noise, 
are  much  more  widely  understood. 

Despite  recent  impressive  laboratory 
tests  with  various  transistors  operating 
at  low  power,  the  author  maintains  that 
these  levels  are  nowhere  near  the  the- 

oretical low-power  limit  for  high-speed 
switching  operations.  Goldey  also  ex- 

pects that  current  power-handling  lim- 
its of  roughly  300  watts  for  transistors 

will  also  be  exceeded,  primarily  through 
improvements  in  the  power-dissipation 
capability  of  the  transistor.  He  also 
cautions  against  the  severe  technical 
problems  involved  in  achieving  high 
power  at  high  frequency. 

Discussing  frequency  performance. 
Goldey  asserts  that  germanium  transis- 

tors are  now  approaching  their  maxi- 
mum capability  with  respect  to  fre- 

quency cut-off,  as  are  silicon  devices 
with  values  about  one-half  those  of  ger- 

manium transistors.  X 
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The  Industry  Week 

Industry  Offices  Opened 
An  Office  of  Industrial  Cooperation  has  been 

set  up  at  Oak  Ridge  National  Laboratory  to  pro- 
vide liaison  between  ORNL  and  private  firms 

seeking  information  on  R&D  at  the  laboratory. 
One  of  the  nation's  largest  nuclear-energy  labo- 

ratories, ORNL  is  operated  by  Union  Carbide 
Corp.  for  the  Atomic  Energy  Commission.  .  .  . 
Philco  Corp.  has  opened  new  offices  in  Arlington, 
Va.,  for  the  Systems  Technological  Center  of  its 
Communications  and  Electronics  Div.  Philco  is 
hiring  scientists  and  engineers  from  that  area 
to  meet  the  needs  of  the  expanded  operation. 
The  center's  work  concerns  recently  expanded 
classified  military  programs.  .  .  .  Kawecki  Chem- 

ical Co.,  manufacturer  of  rare  metals  and  chemi- 
cals, has  established  a  technical  sales  office  in 

Chicago  to  serve  growing  demands  for  its  prod- 
ucts by  electronic,  metallurgical  and  nonferrous 

metals  industries  of  the  North  Central  states. 
The  office  will  also  serve  Midwest  customers  of 
a  wholly  owned  KCC  subsidiary,  Accurate  Spe- 

cialties Co.,  as  well  as  Penn  Rare  Metals  Co.,  in 
which  KCC  owns  a  50%  stock  interest.  .  .  . 
CryoVac,  Inc.,  Columbus,  Ohio,  has  opened  a  new 
West  Coast  office  in  Los  Angeles  to  handle  sales 
and  contract  administration  for  the  western 
states.  CryoVac  has  furnished  many  of  the  cryo- 

genic systems  used  in  space  simulators  for  test- 
ing satellites  before  launch.  Howard  Altman  will 

head  the  new  office. 

ture  of  propellant-actuated  devices  and  systems. 
The  plant  is  expected  to  be  operational  by  late 
1963. 

Company  Representatives  Named 
Electronic  Memories,  Inc.,  Los  Angeles  manu- 

facturer of  ferrite  cores  and  memory  components 
and  complete  core  memories  for  missile/space 
and  commercial  use,  has  named  Advanced  Com- 

ponents, Inc.,  Liverpool,  N.  Y.,  to  be  its  repre- 
sentative for  New  York  State,  excluding  West- 

chester County.  .  .  .  Consolidated  Systems  Corp., 
Monrovia,  Calif.,  associate  company  of  BeU  & 
Howell  Co.,  has  appointed  Traid  Corp.,  Encino, 
Calif.,  as  world-wide  distributor  for  the  CSC 
line  of  standard  photo-instrumentation  products, 
including  spare  parts  and  field  services.  This  will 
enable  CSC  to  focus  on  its  systems  engineering 
skills  in  the  electro-optical  field.  .  .  .  Tektrol  Co., 
Reseda,  Calif.,  will  provide  complete  manufac- 

turer's representative  service  throughout  the 
Southern  California  area  for  Nilsen  Manufactur- 

ing Co.,  Haines  City,  Fla.  Nilsen  is  engaged  pri- 
marily in  design,  development  and  manufacture 

of  its  Variogon  high-frequency  phase  shifting 
instruments,  components  and  accessories.  .  .  . 
General  Kinetics  Inc.,  Arlington,  Va.,  has  signed 
an  agreement  with  Altec  Service  Co.,  New  York 
City,  calling  for  Altec  to  provide  nationwide 
service  for  GKI's  specialized  tape-related  prod- 

ucts and  systems.  Altec  now  serves  more  than 
5000  client  producers  of  electronic  equipment. 

Industry  Facihh 
A  newly  opened  production  facility  of  Rocket 

||  Research  Corp.,  Seattle,  is  producing  instrumen- 
1  tation  for  NASA's  Goddard  Space  Flight  Center. 
||  RRC  also  operates  a  rocket  laboratory  for  de- 

velopment work  on  new  rocket  products  under 
prime  contract  from  the  Army  and  subcontracts 

||      from  industry.  The  firm's  facilities  include  the 
I  27,000-aere  Whisky  Dick  Rocket  Test  Center  in 
||  central  Washington  State.  .  .  .  General  Dynam- 
||  ics/ Pomona  is  boasting  that  it  has  the  "cleanest 
||  clean  room  in  the  world,"  thanks  to  a  new  method 
||  of  air  circulation  known  as  laminar  flow.  The  600- 
||      sq.-ft.  area,  used  for  sensitive  parts  assembly, 

is  reportedly  four  times  cleaner  than  Class  IV 
rooms,  the  highest  present  dust-free  classifica- 

tion. .  .  .  Hitchiner  Manufacturing  Co.,  Milford, 
||  N.H.,  producer  of  investment  castings,  has  be- 

ll gun  volume  production  operation  of  what  it  calls 
the  most  completely  automated  facility  for  cast- 

ing precision  metal  parts  by  the  ceramic  shell 
II  technique.  The  plant  reportedly  has  a  capacity 
I  three  times  that  of  conventional  installations  of 
g      similar  size  and  can  convert  7200  lbs.  of  metal 

per  shift  into  finished  parts  weighing  from  a  few 
ounces  to  100  lbs. — with  accuracies  as  high  as 
a  few  thousandths  of  an  inch.  .  .  .  Universal 

||  Match  Corp.  will  build  a  new  plant  at  Goodyear, 
||  Ariz.,  for  its  Unidynamics  Div.  The  facility — to 
1|  be  built  on  a  2Jf-acre  tract  near  Phoenix — will 
H      engage  in  research,  development  and  manufac- 
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Bought,  Sold,  Traded,  Merged 
Superior  Tool  &  Die  Co.,  Detroit,  has  been 

merged  into  Bethlehem  Corp.,  Bethlehem,  Pa. 
Bethlehem  is  now  producing  environmental-test 
and  space-simulation  equipment  for  government 
and  industry,  as  well  as  heavy  equipment  for 
chemical,  cement  and  turbine  industries.  .  .  . 
West  Instrument  Corp.,  Schiller  Park,  III.,  has 
bought  the  assets  of  the  Technique  Associates 
Div.,  Duncan  Electric  Co.  for  an  undisclosed  cash 
amount.  .  .  .  International  Telephone  &  Telegraph 
Corp.  will  trade  112,000  ITT  shares  for  the 
assets  of  National  Computer  Products,  Inc.,  Law- 

rence, Mass,  producer  of  semiconductors  and 
other  components.  More  than  $4  million  is  in- 

volved in  the  transaction. 

AFOSR  Basic  Research  Awards  Revealed 
The  Air  Force  Office  of  Scientific  Research 

awarded  basic  research  grants  and  contracts  of 
$13,835  to  three  firms  during  September.  Awards 
to  universities  and  nonprofit  groups  in  the  same 
month  in  the  same  category  were  more  than 
$400,000,  AFOSR  figures  reveal.  Informational 
sciences  awards  went  to  Documentation  Re- 

search, Inc.,  Bethesda,  Md.,  ($13,835)  and  to 
Herner  &  Co.,  Washington,  D.  C,  ($13,912).  Ad- 

vanced Technology  Div.  of  Electronic  Communi- 
cations, Inc.,  Goleta,  Calif.,  received  a  $13,833 

award  for  work  in  applied  mathematics. 



contracts  and  procurements 

AWARDS 

AIR  FORCE 
$13,810,257 — Sylvania  Electric  Products,  Inc.,  New 

York  City,  for  production  of  electronic  equip- ment. 
$8,163,000— Hughes  Aircraft  Co.,  Culver  City, Calif.,  for  production  of  missile  test  equipment. 
$5,004,321 — General  Dynamics  Corp.,  New  York 

City,  for  research  and  development  on  Atlas missiles. 
$3,206,141 — Douglas  Aircraft  Corp.,  Santa  Mon- 

ica, Calif.,  for  Skybolt  missile  spare  parts. 
$2.595,000— Systems  Development  Corp.,  Santa Monica,  Calif.,  for  training  programs. 
$600,000 — Adler  Electronics,  Inc.,  New  Rochelle. 

N.Y.,  for  engineering  services,  furnishing  and 
installing  communications  control  systems  for 
the  Atlantic  Missile  Range. 

$205,266 — National  Research  Corp.,  Cambridge, 
Mass.,  for  solid-propellant  development. 

$140,000— Electrada  Corp.'s  Data  Products  Div.. Los  Angeles,  for  DATACOM  systems  for  in- 
tegration in  an  intelligence  data-handling 

system. 
$122,335 — Ryan  Aeronautical  Co.,  Lindberg  Field. 

San  Diego,  Calif.,  for  technical  data  to  sup- 
port CFE  applicable  to  Q-2C  target  drone. 

$97,944 — Thiokol  Chemical  Corp.-s  Reaction  Mo- tors Div.,  Bristol,  Pa.,  for  advanced  solid 
propellant  development. 

$66,999 — Excelco  Developments,  Inc.,  Silver  Creek. 
N.Y.,  for  an  evaluation  of  high-strength  steel 
for  large-diameter  rocket  motors. 

$30,225 — Emory  Design  and  Equipment  Co.,  Bir- mingham, Ala.,  for  valves  used  on  general 
missile  and  aircraft  ground  servicing  equipment 

ARMY 
$53,921,660— Martin-Marietta  Co.,  Orlando,  Fla., 

for  continued  production  of  the  Pershing  weap- 
ons system. 

$1,817,000 — Cornell  Aeronautical  Labs.,  Inc.,  Buf- 
falo. N.Y.,  for  a  study  of  effective  means  of 

delivering  chemical  agents. 
$1,733,920— Western  Electric  Co.,  New  York 

City,  for  field  support  of  Nike-Hercules  weap- 
ons system. 

$999,985— Martin-Marietta  Co.,  Orlando,  Fla.,  for 
a  study  of  a  ballistic  missile  defense  concept 
for  the  Advanced  Research  Projects  Agency  as 
part  of  Project  Defender. 

$300,000 — Information  Handling  Services,  Inc.. 
Denver,  for  indexing,  coding  and  microfilming 
100,000  missile  parts  drawings  for  use  by 
engineers  at  Redstone  Arsenal  and  at  selected 
contractor  plants. 

NAVY 
$15,570,000— Applied  Physics  Laboratory,  The 

Johns  Hopkins  University,  Silver  Spring,  Md., 
for  continued  research  and  development  on 
ordnance  and  related  equipment. 

$1,578,427 — Sanders  Associates,  Nashua,  N.H.,  for classified  electronics  equipment. 
$1,128,928— General  Dynamics,  Daingerfield,  Tex., 

for  continued  research  and  development  on 
guided  missiles. 

$2 1 3,600 — General  Steel  Industries,  Inc.,  Eddy- 
stone,  Pa.,  for  castings  for  missile  tube  upper sections. 

NASA 

$1,51 2,73 1 — Graf e- Wallace,  a  joint  venture  be- tween Grafe  and  Associates,  Inc.,  Boise,  Idaho, 
and  Wallace  Process  Piping  Co.,  Inc.,  Den- 

ver, for  fabrication  and  erection  of  a  flame 
detector  for  the  Saturn  C-5  booster  static  test tower. 

$750,000— Ets-Hokin  Galvan,  Inc.,  San  Francisco, 
for  installation  and  re-electrification  of  2  mil- 

lion square  feet  in  the  Michoud  Fabrication 
Plant  at  New  Orleans. 

$653,700— Ets-Hokin  &  Galvan,  Inc.,  San  Fran- 

cisco, for  complete  design,  testing,  procure- 
ment and  installation  of  all  materials,  equip- 
ment, and  services  for  a  138KV  power  sub- station at  the  Manned  Spacecraft  Center  at 

Houston. 
$154,938— McDonnell  Aircraft  Corp.,  St.  Louis., 

for  study  of  spacecraft  for  use  with  Saturn C-5  launch  vehicle. 
$144,000— Space  General  Corp.,  El  Monte,  Calif., 

for  development  of  an  advanced  guidance  sub- 
system for  space  vehicles. 

$38,805 — Thompson  Ramo  Wooldridge,  Inc., 
Cleveland,  for  research  and  development  of 
lithium  and  lithium  hydride  propellant  feed  sys- 

tems for  electric  propulsion  systems,  Phase  EL 
$37,446— Parker  Aircraft  Co.,  Huntsville,  Ala.,  for 

eight  items  of  union,  elbow  and  adapter  for 
the  Marshall  Space  Flight  Center. 

$31,800— W.  R.  Fairchild  Co.,  Ltd.,  and  J.  W. Snowden  Construction  Co.,  a  joint  venture. 
Hattiesburg,  Miss.,  for  test  piles  for  test  stand 
S-1C  at  Mississippi  test  facility. 

INDUSTRY 
$15,000,000 — Rohr  Corp.,  Chula  Vista,  Calif.,  from 

Boeing  Co.,  for  components  KC-135  and  C-135. 
$750,000— CryoVac,  Inc.,  from  Douglas  Aircraft 

Co.,  for  design,  fabrication,  and  installation 
of  cryogenic  systems  for  the  space  simulation 
test  facility  at  Huntington  Beach,  Calif. 

$350,000 — Wauntic  Industries,  Inc.,  San  Carlos, 
Calif.,  from  Avco  Corp's  Lycoming  Div.,  for production  of  re-entry  vehicle  separation  sys- tems for  the  Minuteman  missile. 

$150,000 — Bendix  Corp.,  Detroit,  from  Lockheed- Georgia  Co.,  for  supply  control  valves  to  be 
used  on  the  C-130  Hercules. 

REQUESTS  FOR  BIDS 

GENERAL  PROCUREMENTS 
Chief,  Bureau  of  Ships 
Department  of  the  Navy 
Washington  25,  D.C. 
The  Bureau  of  Ships  under  RFP  622A- 

31622(S)  is  negotiating  with  Westinghouse  Elec- tric Corp.,  1625  K  St.,  N.W.,  Washington,  D.C. 
for  approximately  400  man  days  of  engineering 
services  to  assist  with  installation  and  checkout  of 
propulsion  equipment  manufactured  by  Westing- house  under  an  existing  bureau  contract.  It  is 
suggested  that  small  business  firms  or  others  in- 

terested in  subcontracting  opportunities  in  con- 
nection with  this  procurement  make  direct  con- tact with  the  above  firm. 

Directorate  of  Procurement 
Rome  Air  Development  Center 
Attn:  RAKS 
Griffiss  Air  Force  Base,  N.Y. 
Research  and  development  sources  sought.  Or- 

ganizations having  research  and  development 
capabilities  in  the  specific  areas  listed  below  are 
invited  to  submit  complete  information  to  the 
Purchasing  Office  fisted  above.  Responses  should 
reference  the  code  number  found  at  the  end  of 
this  notice.  Responses  should  include  the  following 
information:  total  number  of  employees,  profes- 

sional qualifications  of  scientists,  engineers  and 
personnel  specially  qualified  in  the  R&D  area 
outlined,  and  description  of  general  and  special 
facilities,  an  outline  of  previous  projects  includ- 

ing specific  work  previously  performed  or  being 
performed  in  the  listed  R&D  area  and  a  state- 

ment regarding  industrial  security  clearance.  Al- 
though interested  parties  need  not  furnish  general 

information  which  they  know  is  on  file  with  the 
Center,  they  should  include  all  information  which 
they  want  considered  in  the  evaluation  of  their 
qualifications  for  this  specific  procurement.  This 
is  not  a  request  for  proposal.  Respondents  will 
not  be  notified  of  the  results  of  the  evaluation, 
but  the  sources  deemed  fully  qualified  will  be  con- 

sidered when  Requests  for  Proposals  are  solicited. 
The  specific  technical  area  for  which  capability  is 
sought   is   for   the   study,   design   and  technique 

development  of  an  electronic  precision  early 
launch  phase  tracking  system  capable  of  profiling 
missile  trajectory  data  at  altitudes  of  approxi- 

mately 500  to  60,000  feet,  with  a  data  accuracy 
on  the  order  of  .02  feet  per  second.  It  will  have 
all  weather  operational  real-time  readout  capa- 

bilities. No  special  facilities  required.  Sources 
solicited  will  require  SECRET  security  clearance. L-A-352. 

Secondary  Items  Branch Procurement  Div. 
Procurement  and  Production 
U.S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
Shield,  GM,  launchers,  M2  Ord.  Part.  No. 

9152676,  27  each.  IFB-LXXF-ORD  01-021-63- 
10198B.  Bid  opening  12-11-62.  Drawings  and  bid sets  available  from  nearest  Ordnance  Dist.  An 
additional  quantity  of  27  each  is  being  reserved 
for  labor  surplus  area. 

U.S.  Army  Engineer  District,  Norfolk Foot  of  Front  St. 
Norfolk  10,  Va. 
Nike-Hercules  improvement  kit,  special  AAA 

site  N-85C,  Norfolk  Defense  Area,  Va.  Lot— 
IFB  ENG-44-1 10-63-13.  Bid  opening  11-27-62.  (A) 
Site  preparation,  including  removal  of  concrete 
slabs.  (B)  Construction  of  50  foot  target  ranging 
radar  tower,  complete,  including  concrete  founda- tion and  cast-in-place  concrete  piles.  (C)  Site 
improvement  and  miscellaneous  items  including 
grading,  drainage,  sidewalks  and  electrical  dis- tribution. 

Bureau  of  Naval  Weapons 
Washington  25,  D.C. 
The  Bureau  of  Naval  Weapons  contemplates 

award  of  a  contract  to  Westinghouse  Electric 
Corp.,  Sunnyvale,  Calif.,  to  furnish  a  production 
quantity  of  MK  21  launcher  systems  for  Polaris. 
Award  will  be  made  on  the  basis  of  a  follow-on 
action  to  an  existing  contract  with  the  above 
firm  who  developed '  the  systems.  This  notice  is 
being  made  solely  to  inform  potential  subcon- 

tractors of  the  proposed  procurement.  Small  busi- ness firms  and  others  interested  in  subcontracting 
should  contact  the  above  firm,  referencing  PR 
SP-1098-63.    BuWeps   Synopsis   No.  135-63. 

Hq.  Space  Systems  Div.  (SSBKS) Los  Angeles,  Calif. 
Provide,  install,  checkout  and  maintain  the 

instrumentation  and  control  system  for  Complex 
1-36  at  Edwards  Air  Force  Base,  Calif,  for  the 
solid  motor  development  portion  of  program 
624A — 1  system.  Deliveries  to  Edwards  Air  Force 
Base.  Request  for  proposal  No.  04-695-63-142Q has  been  issued  to  the  following  firm :  United 
Technology  Corp.,  P.O.  Box  358,  Sunnyvale. 
Calif.  It  is  suggested  that  small  business  firms 
and  others  interested  in  subcontracting  oppor- 

tunities in  connection  with  this  procurement  make 
direct  contact  with  the  above  firm.  This  is  not  a 
request  for  proposal. 

National  Aeronautics  and  Space  Administration 
Launch  Operations  Center Procurement  and  Contracts  Office 
Cocoa  Beach,  Fla. 
Seeks  sources  with  capability  and  broad  ex- 

perience in  fabrication,  erection  and  installation 
of  massive  and  extremely  complex  electromechan- 

ical steel  structures  for  projected  launcher  urn- 
billical  tower  requirements.  These  structural  steel 
towers  (estimated  at  6  million  lbs.  weight)  con- 

sist of  a  launcher  portion  163'  x  140'  x  20'  sup- porting a  400'  tower  60'  square  at  the  base  and 
including  extremely  complex  electronic,  mechan- ical, hydraulic  and  pneumatic  systems.  Industrial 
firms  having  required  capability  and  experience 
for  fabrication  and  installation  of  massive  steel 
structural  systems  similar  to  the  launcher-um- billical  towers  described  here  are  invited  to  indi- 

cate their  interest  as  a  potential  source  by  letter 
to  the  National  Aeronautics  and  Space  Admin- 

istration, Launch  Operations  Center.  Procurement 
and  Contracts  Office,  Cocoa  Beach,  Fla.  Attn:  Mr. 
Walter  Struhar.  Closing  date  11-23-62. 
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U.S.  Navy  Ordnance  Supply  Office 
Mechanicsburg,  Pa. 
Launcher,  rocket,  LAU-10A,  empty  (Zuni),  in 

accordance  with  various  BuOrd  and  BuAer  draw- 
ings and  specs— 9428  each.  Delivery  8000  to  NAD, 

McAlister,  Okla.,  and  500  each  to  both  NWS, 
Yorktown,  Va.,  and  NAD,  Concord,  Calif.  IFB 
195-307-63  (K)  B.  Bid  opening  12-12-62.  An  addi- 

tional quantity  of  9428  is  being  reserved  for  a 
labor  surplus  area  under  a  partial  determination. 

Hawk  Project  Office 
U.S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
Approximately  5550  lines  of  parts  and  com- 

ponents needed  to  support  European  manufacture 
of  the  major  items  under  NATO-Hawk  program: missile,  OMS  GSE  crew  chief  distribution  box; 
pulse  acquisition  radar/battery  control  center;  as- sault fire  command  control;  range  only  radar, 
FME  Shops  2  through  7,  telemetering.  Delivery 
June  1963  through  September  1963.  Duplication  of 
initial  investment,  special  tooling  and  facilities 
plus  the  nonavailability  of  drawings  and  specifica- tions adequate  to  support  competitive  procurement 
precludes  award  to  other  than  the  prime  con- tractor: Raytheon  Co.,  Willow  St.,  Waltham, 
Mass.  All  inquiries  relative  to  subcontracting  must 
be  referred  to  the  above  listed  firm. 

Ogden  Air  Materiel  Area 
Attn:  Directorate  of  Procurement  and 

Production 
Hill  Air  Force  Base,  Utah 
Shipping  and  storage  containers  for  GAR-11A missiles,  model  52SC-1 — 427  each.  Delivery  to 

Tucson,  Ariz.  RFP  No.  42-600-63-1269Q.  Approxi- mate RFP  due  date  12-7-62.  Adequate  drawings 
and  specs  are  not  available  and  will  not  be  fur- nished. Requests  for  proposals  have  been  issued 
to  the  Royal  Jet  Co.,  1035  Westminster  Ave., 
Alhambra,  Calif.  For  further  information  contact 
W.  S.  Pach/OOPAM,  Hill  Air  Force  Base.  Utah. 

Directorate,  Procurement  and  Production 
Middletown  Air  Materiel  Area 
Olmstead  Air  Force  Base,  Pa. 
Contract  technical  services  for  MG10,  MG13 

and  MA-1  AWCS  systems  applicable  to  F101  and 
F106  weapons  systems.  GAR  1  and  2  missiles  by 
13  technical  reps  for  128  man  months.  Negotia- tions will  be  conducted  with  Hughes  Aircraft  Co., 
International  Airport  Station,  P.O.  Box  90515, 
Los  Angeles,  Calif.  This  is  a  continuation  of  con- 

tract AF  36(600)-10667.  Inquiries  must  refer  to 
RFP  36-600-63-4061.  For  information  only.  No 
RFP  available. 

National  Aeronautics  and  Space  Agency 
Moffett  Field,  Calif. 
Heat  exchange.  Characteristic  determination  of 

eight  radiation  sensors  to  be  performed  in  a 
vacuum  range  minus  100  degrees  F  to  plus  100 
degrees  F,  with  plus  or  minus  Vz  milliwatt  ac- 

curacy. Lot— IFB  A-6419.  Bid  opening  11-20-62. 

Mauler  Project  Office 
U.  S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
Issuance  of  a  planning  proposal  for  initiation 

and  implementation  of  a  PERT/COST  system. 
Indefinite  quantity  of  PERT  networks  and  asso- 

ciated data.  Delivery  through  July  1963.  Deliv- 
eries to  Army  Missile  Command,  Redstone  Ar- senal, Ala.  Nonavailability  of  Mauler  system  cost 

data  adequate  to  support  competitive  procurement 
precludes  award  to  other  than  prime  contractor, 
General  Dynamics/Pomona,  a  division  of  Gen- 

eral Dynamics  Corp.,  Pomona,  Calif.  All  inquiries 
relative  to  subcontracting  should  be  referred  to 
ihe  above  company. 

U.  S.  Army  Engineer  District,  Jacksonville 575  Riverside  Avenue 
Jacksonville,  Fla. 
Construction  of  missile  launching  facility  addi- 

tion, Cape  Canaveral  Missile  Test  Annex,  Air 
Force  Missile  Test  Center,  Patrick  Air  Force  Base, 
Fla.  Job— IFB  ENG-08-123-63-24B.  Bid  opening 
11-29-62.  Payment  in  advance  of  $6.00  per  set  of 
drawings  and  specs  is  required  before  papers  will 
be  furnished.  Payment  will  not  be  refunded.  Ap- proximate cost  is  $400,000. 

book  reviews 

PHYSICS  IN  THE  SOVIET  UNION-AN  EXPOSI- 
TION OF  THEORETICAL  PHYSICS.  A.  S.  Kom- 

panayets.  Philosophical  Library,  New  York. 
592  pp.,  $7.50. 

This  work  might  well  have  been  called 
"Theoretical  Physics  for  Engineers  and 
Physicists."  It  is  a  contemporary,  general 
discussion  of  accepted  physical  theories. 

In  part  one — on  mechanics — the  author 
derives  Lagrange's  equations  by  trans- 

forming Newton's  equations  through  gen- eralized coordinates. 
Part  two — dealing  with  electrodynamics 

— is  prefaced  by  a  section  wholly  devoted 
to  the  definition  of  vector  differential 
operators  and  proofs  of  their  properties. 

Part  three  of  the  book  treats  microscopic 
analysis  of  quantum  mechanics,  and  part 
four  discusses  statistical  thermodynamics. 

SPACE  MEDICINE,  Ursula  T.  Slager.  Prentice- 
Hall,  Inc.,  Englewood  Cliffs,  N.  J.  388  pp.,  $12. 

A  scholarly,  readable  book  concerning 
many  of  the  basic  principles  of  aerospace 
medicine.  Dr.  Slager — associate  pathologist 
at  Orange  County  General  Hospital,  assist- 
antant  clinical  professor  pathology,  Uni- 

versity of  Southern  California,  and  a  con- 
sultant on  space  medicine — takes  a  realistic 

approach  to  her  subject.  She  discusses 
experimental  conditions  under  which  exist- 

ing knowledge  was  obtained  without  gen- 
eralizing on  the  data  gleaned  from  man's limited  experience  in  space. 

The  book  is  divided  into  three  sections: 
ecology  of  space  (pressure,  temperature 
and  radiation  environments);  biodynamics 
of  space  flight  (acceleration  and  decelera- 

tion, weightlessness,  noise  and  vibration); 
and  ecology  of  space  cabins  (metabolism, 
toxicology,  psychology).  An  epilogue 
briefly  deals  with  the  ecology  of  other 
planets  and  interplanetary  space. 

This  is  an  excellent  reference,  more  for 
the  systems  engineer  than  for  the  prac- 

titioner in  aerospace  medicine. 

THE  SHIFT  AND  SHAPE  OF  SPECTRAL  LINES, 
Robert  G.  Breene,  Jr.  Pergamon  Press,  New 
York  City.  336  pp.,  $15. 

The  problems  of  the  high  temperatures 
of  gases  surrounding  vehicles  during  re- 

entry call  for  something  new  in  the  way 
of  probes  to  determine  such  temperatures 
and  densities.  It  is  as  one  of  these  probes 
that  the  breadths  and  shapes  of  spectral 
lines  are  gaining  a  practical  importance. 

This  book  is  devoted  to  the  broadening 
and  shift  of  gaseous  spectral  lines.  It  is 
among  the  first  presentations  of  material 
on  this  subject  and  covers  all  recent  ad- 

vances in  the  field.  The  material  will  be 
of  considerable  interest  to  research  workers 
in  spectroscopy,  astrophysics  and  astro- nautics. 

MODERN  INFRARED  TECHNOLOGY,  Barron 
Kemp.  Howard  W.  Sams  &  Co.,  Inc.,  New  York 
City.   255  pp.,  $4.95. 

Written  in  semi-technical  language,  this 
book  is  designed  for  the  electronic  tech- 

nician, student  or  experimenter  who  wants 

to  extend  his  knowledge  of  electronics 
into  the  field  of  infrared  energy. 

Topics  include:  sources  of  radiant 
energy,  infrared  detectors,  infrared  imag- 

ing devices,  optics  for  infrared  systems, 
remote  temperature  measurements,  spec- 

troscopy and  spectrophotometry. 

SPACECRAFT  THERMODYNAMICS  SYMPOSIUM, 
edited  by  G.  A.  Etemad.  Holden-Day,  Inc.,  728 
Montgomery  St.,  San  Francisco  1 1,  Calif.  175  pp. 

Etemad  presents  six  unclassified  papers 
— with  a  discussion  of  each — from  the 
Spacecraft  Thermodynamics  Symposium 
held  March  28,  1962  in  Palo  Alto,  Calif. 
In  their  treatment  of  problems  associated 
with  spacecraft  thermodynamics,  the  pro- 

ceedings stress  correlation  of  actual  flight 
test  data  with  analytical  prediction. 

The  first  paper  summarizes  thermal  data 
accumulated  on  Agena  flights,  compares 
the  data  with  predictions  and  discusses 
design  criteria  for  laminar-turbulent  tran- 

sition. The  second  paper  reviews  param- 
eters affecting  the  exact  location  of  pro- 

pellants  in  the  Agena  tanks  under  zero-g 
conditions,  discusses  venting  methods  used 
on  various  Agena  vehicles  and  reports  on 
a  current  study  to  determine  propellant 
temperatures  and  circulation  under  orbital 
conditions. 

Orbital  thermodynamic  design  of  the 
Discoverer  vehicle  is  discussed  in  the 
third  paper,  which  compares  data  received 
from  vehicles  in  orbit  with  the  prediction 
methods  used.  The  fourth  paper  describes 
experimental  determination  of  thermal 
radiation  properties  of  temperature  control 
surfaces  for  spacecraft. 

Another  paper  outlines  the  effects  of 
spacecraft  environment  on  thermal  con- 

trol materials  characteristics;  it  describes 
experimental  programs  to  investigate  these 
effects;  and  it  reviews  information  on 
thermal  control  material  stability.  The 
final  paper  discusses  design  and  develop- 

ment of  thermal  and  atmospheric  control 
systems  for  spacecraft  orbiting  large 

primates. Discussions  following  each  paper  pro- 
vide excellent  critical  evaluation  of  thermo- 

dynamics problems  that  are  of  vital  in- terest to  scientists  and  engineers  engaged 
in  various  missile/space  programs. 

DYNAMICS-PARTICLES,  RIGID  BODIES,  Vol.  I, 
R.  L.  Halfman.  Addison-Wesley  Publishing  Co., 
Inc.,  Reading,  Mass.   379  pp.,  $7.50. 

Intended  as  a  full-year  course  in  dy- 
namics for  engineering  students,  this 

volume  puts  strong  emphasis  on  moving 
reference  frames  and  observers — and  em- 

phasis needed  to  study  the  free-body 
motion  of  such  vehicles  as  missiles  and 

spacecraft. The  author  stresses  the  relation  of 
dynamics  to  such  neighboring  fields  as 
elasticity,  thermodynamics  and  electro- 
magnetism.  A  practical  tack  is  taken 
throughout  the  text. 

A  good  one-year  physics  course  as  well 
as  an  understanding  of  differential  equa- 

tions is  needed  to  follow  the  demonstrations. 

missiles  and  rockets,  November  19,  1962 

45 



products  and  processes 

New  Product  of  the  Week: 

Synchronizer/ Conditioner 

The  synchronization  capability  re- 
quired for  accurate  and  reliable  extrac- 

tion of  time-multiplexed  telemetry  data 
under  very  poor  noise  conditions  is 
available  with  a  new  bit  synchronizer 
and  signal  conditioner  developed  by 
Dynatronics,  Inc.  The  Model  BSC-1 
unit,  designed  around  a  highly  refined 
phase-lock  loop,  can  establish  and  main- 

tain PCM  bit  synchronization  at  ex- 
tremely low  signal-to-noise  ratios  and 

over  wide  ranges  of  bit-rate  deviation. 
At  a  peak  video-rms-noise  ratio  of 
9  db,  for  example,  the  BSC-1  provides 

a  bit-error  probability  of  1  x  10~5  with 
no  synchronization  drop-out. 

The  unit  accepts  inputs  of  NRZ 
(non- return -to -zero),  RZ  ( return  -  to  - 
zero),  or  split-phase  PCM  code,  either 
positive  or  negative,  at  bit-rate  ranges 
between  10  and  640,000  bit/ sec  and 
amplitudes  between  0.5  and  50  volts 
peak-to-peak.  The  dual  output  consists 
of  four  phase-synchronized  sequential 
timing  pulses  and  positive,  noise-free NRZ  PCM  between  —12  volts  and 

ground. Circle  No.  225  on  Subscriber  Service  Card 

Beryllium  Mirrors 

A  wide  range  of  beryllium  mirrors 
for  use  in  airborne  instrumentation,  very 
precise  optical  systems  and  optical  test 
equipment  with  surfaces  that  are  di- 
mensionally  accurate,  clean,  and  com- 

pletely free  from  hairline  scratches,  are 
available  from  Precision  Lapping  Co. 

These  beryllium  mirrors  can  be 
lapped  and  polished  to  an  accuracy  of 
a  fraction  of  a  light  band,  depending 
on  requirements,  using  specially  devel- 

oped polishing  materials  and  methods. 
Flat,  spherical  and  aspherical  shapes 
are  available. 

Circle  No.  226  on  Subscriber  Service  Cord 

Miniature  Gyroscope 

A  miniature  two-degree-of-freedom 
gyroscope  is  available  from  Clary  Dy- 

namics Corp. 
During  sled  tests  at  350g  accelera- 

tion, total  drift  on  12  units  averaged 
0.7°  in  15  sec.  In  Scorsby  3-axis  tests, 
total  drift  averages  0.5°  in  15  sec. 

Gimbal  freedom  of  ±30°  is  ob- 
tained and  the  2K  potentiometer  pick- 

offs  have  a  functional  angle  of  ±25° 
on  both  gimbals.  Resolution  is  0.2°. 

Weight  in  all  configurations  is  less 
than  1/16  pound  in  an  envelope  2  in. 
dia.  and  3  in.  long. 

Circle  No.  227  on  Subscriber  Service  Card 

Data  Logger 

The  NLS  RS3,  a  low-cost  data  log- 
ger, is  offered  by  Non-Linear  Systems, 

Inc.  The  RS3  does  not  include  the  digital 
voltmeter,  but  any  NLS  4-digit  volt- 

meter without  printout  connection  can 
be  used. 

The  RS3  can  accommodate  any  5, 
6,  7  or  8-channel  tape  code,  and  coding 
can  be  changed  either  by  shifting  diodes 
on  a  plug-in  circuit  board  or  by  in- 

terchanging pre-wired  plug-in  boards. 
"Word"  structure  (program)  can  be 
changed  by  rearranging  jumpers  on  an 
externally  accessible  plug-in  program 
connector  or  merely  by  interchanging 
pre-wired  plug-in  connectors.  Any  of 

the  20  inputs  can  be  fed  directly  to  the 
digital  voltmeter  or  automatically  routed 
through  an  external  accessory,  such  as  a 
preamplifier  or  an  ac/dc  converter  be- 

fore reaching  the  voltmeter  input. 
Circle  No.  228  on  Subscriber  Service  Card 

Bandswitching  Discriminator 

A  bandswitching  discriminator,  ideal 
for  data  reduction,  back-up  instrumenta- 

tion, and  rapid  automatic  checkout,  is 
being  marketed  by  Electro-Mechanical 
Research,  Inc.  The  EMR  Model  214  can 
be  switched  by  push-button  or  remotely 
to  any  FM  channel  in  milliseconds  with 
no  loss  in  performance.  Through  rapid- 
channel  switching,  the  unit  can  be  used 
as  a  data-reduction  discriminator  in 
which  a  large  number  of  possible  channel 
selector/ output  filter  combinations  can 
be  used  to  advantage  in  reducing  data 
at  low  signal-to-noise  ratios. 

Bandswitching  is  performed  by  means 
of  push-buttons  which  light  to  indicate 
the  channel  selector  and  LPOF  selected. 
The  amplitude  of  the  individual  sub- 
carrier  at  the  input  can  be  anywhere 
within  the  range  of  15  millivolts  to  10 
volts  without  adjustment. 

Circle  No.  229  on  Subscriber  Service  Card 

Diffusion  Pump  Fluid 

A  silicone  diffusion  pump  fluid  capa- 
ble of  producing  ultra-high  vacuum 

without  refrigeration  has  been  developed 
by  Dow  Corning  Corp. 

The  fluid  is  capable  of  producing  a 

vacuum  in  the  range  of  10"8  to  10"10 torr  without  refrigeration,  and  in  the 

range  of  5  x  10"11  when  baffles  are 
cooled  to  — 35°C.  In  addition,  the  prod- 

uct is  chemically  inert,  nontoxic,  clean, 
and  resists  gamma  radiation. 

Typical  applications  for  diffusion 
pumps  using  this  fluid  include  vacuum 
deposition  of  films  in  capacitors,  tran- 

sistors, and  microminiature  assemblies; 

high  altitude-temperature  space  simula- 
tion chambers;  optical  coatings;  un- 

refrigerated  ultra-high  surface  studies; 
and  vacuum  metalizing  of  plastics. 

Circle  No.  230  on  Subscriber  Service  Card 

Humidity  Transmitter 

A  humidity-to-air-pressure  sig- 
nal transmitter  converts  humidity  values 

ranging  from  1.6%  to  99%  relative 
humidity  to  a  three  to  15  psi  pneumatic 
signal  for  indicating,  recording  or  con- 

trolling humidity  by  means  of  a  pneu- 
matic-type receiver  system  is  available 

from  Hydrodynamics,  Inc. 
The  transmitter  produces  a  no-lag, 

pneumatic  pressure  output  proportional 
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to  the  calibration  of  the  company's 
precision  humidity  sensors  in  the 
narrow-range,  high-resolution  model  for 
controlled  environments. 

A  temperature-compensated  model 
is  also  offered  with  a  pneumatic  signal 
of  3  to  15  psi  directly  proportional  to 
relative  humidity  when  used  with  wide- 
range  humidity  sensors. 

Circle  No.  231  on  Subscriber  Service  Card 

Miniature  Capacitor 

High  current,  solid-state  porcelain 
capacitors  are  available  from  Vitramon, 
Inc.  The  units  will  handle  up  to  14  amps 
of  current  and  range  from  1  to  2000 
pico  farads.  They  permit  drastic  reduc- 

tion in  the  size  of  equipment,  such  as 
transmitters  and  other  applications  re- 

quiring high  current  operation. 

Operating  range  is  from  —55° 
through  125°C,  and  from  2  to  30  mc/s 
the  capacitors  will  operate  at  1500  VAC 
RMS. 

These  stable,  reliable  parts  main- 
tain the  environmental  requirements  of 

MIL-C-11272B  and  capacitance  drift 
is  only  .05%  or  .05  pf,  whichever  is 
greater. 

Circle  No.  232  on  Subscriber  Service  Card 

Low-Cost  Computer 

A  low-cost  control  computer  has 
been  developed  by  Diginamics  Corp. 
Among  features  of  the  computer  are 
a  basic  memory  of  2048 — 24  bit  words 
including  sign,  expandable,  add-subtract 
times  of  78  microseconds  and  standard 

19-in.  relay  rack  mounting  12V4 "  high. 
It  is  designed  for  an  industrial  environ- 

ment and  does  not  require  an  air- 
conditioned  room. 

It  is  ideal  for  medium  scale,  control. 

data  logging  and  data  acquisition,  auto- 
matic component  test  and  calibration, 

closed  loop  control  and  other  test  stand 
operations.  In  addition,  it  can  be  used 
for  satellite  operation  in  conjunction 
with  overloaded  large-scale  computers. 

Circle  No.  233  on  Subscriber  Service  Card 

Sweep  Generator 
The  Industrial  Products  Div.  of 

Jerrold  Electronics  Corp.  is  marketing 
a  Video-Sweep  Generator  (Model  1015) 
covering  the  1  kc  to  15  mc  range  for 
testing  the  frequency  response  of  crys- 

tal filters  and  similar  networks.  Three 
types  of  output  modes  are  provided: 
wide  sweep,  narrow  sweep  and  C.W. 
The  wideband  sweep  covers  the  entire 
range  from  10  kc  to  15  mc.  The  narrow- 

band sweep  permits  sweep  widths  from 
0  to  400  kc,  centered  anywhere  be- 

tween 1  kc  and  15  mc.  Output  is  main- 
tained at  2.0  volts  rms. 

The  instrument  also  contains  a  cali- 
brated output  meter  and  a  highly  regu- 

lated power  supply.  It  is  available  for 
either  50-ohm  or  75-ohm  output  im- 

pedance and  comes  equipped  with  either 
BNC  or  N-type  fittings. 

Circle  No.  234  on  Subscriber  Service  Card 

Explosive  Bolts 

A  line  of  explosive  bolts  specially  de- 
signed for  use  in  guided  missiles  has 

been  developed  by  Hydro-Space  Tech- 
nology, Inc.  The  bolts  provide  instant 

and  reliable  launch  release  and  stage 
separation  for  rockets.  They  also  can  be 
used  in  aircraft  to  provide  a  positive 
and  dependable  means  of  mechanically 
securing  assemblies  such  as  pilot  seats, 
capsules,  fuel  tanks  or  armament  and 
reliably  separating  them  when  desired. 

In  addition  to  aircraft  applications, 
the  bolts  also  are  used  in  oceanographic 
applications  for  separating  anchors,  bal- 

last, or  expended  batteries  so  that  re- 
search equipment  can  be  recovered  for 

analysis  and  re-use. Circle  No.  235  on  Subscriber  Service  Card 

Microwave  Interferometers 

MHD  Research,  Inc.  is  marketing 
a  series  of  microwave  interferometers 
for  plasma  diagnostics.  The  versatile 
unit  is  readily  adapted  to  exploratory 
diagnostics  work  on  shock  tubes,  elec- 

trical propulsion,  gaseous  discharges, 
seeded-combustion  product  channel  flow, 
plasma  jet  channel  flow,  thermonuclear 
devices,  etc.  The  interferometer  pro- 

duces a  stable  microwave  signal,  which 
is  directed  along  two  paths,  one  through 
the  region  that  is  under  investigation  and 
the  other  a  reference  path.  For  increased 
sensitivity,  the  signals  through  the  two 
paths  create  a  null  balance  in  the  ab- 

sence of  the  test  material.  Attenuation 
and  phase  shifts  are  then  determined 
by  the  signals  emerging  from  the  path 
containing  the  sample  medium.  Con- 

ductivity and  dielectric  constant  may  be 
computed.  Using  several  different  test 
frequencies,  the  conductivity  may  then 
be  separated  into  ionic  and  electronic 
components. 

Circle  No.  236  on  Subscriber  Service  Card 

Helium  Pressure  Regulator 

Helium  pressure  regulator  devel- 
oped by  Telecommunicating  Corp.  for 

USAF  experimental  propulsion  system 

incorporates  flight-weight  single-stage 
dome  reference  design,  and  can  with- 

stand 1000°F  temperatures.  Toggle 
mechanism  translates  actuating  force  to 
flow-metering  element,  which  consists 
of  a  precision  spherical  poppet  and 
seat  thermally  isolated  from  sensing 
and  translating  system.  This  renders 
unit  insensitive  for  three  minutes  to 

fluid  inlet  temperatures  from  — 100°F 
to  1000°F.  Regulator  can  control  tank 
pressure  at  28.0  psig  at  flow  rates  from 
zero  to  0.07  lbs/sec  helium  at  1000°F, 
with  inlet  pressure  decaying  from  3500 
to  200  psig  over  an  ambient  tempera- 

ture range  of  — 40°F  to  165°F. Circle  No.  237  on  Subscriber  Service  Card 

Carbon-Loading  System 

The  means  of  providing  long-period 
operation  of  a  carbon  arc  as  a  light 

source  for  simulating  solar  radiation 
has  been  developed  by  the  Strong  Elec- 

tric Corp.  The  automatic  carbon-load- 
ing system,  whereby  the  carbon  arc 

lamp  is  capable  of  long-period  opera- 
tion without  the  need  of  shutting  down 

the  lamp  to  recarbon,  is  especially  im- 
portant where  tests  must  be  conducted 

for  thermal  heat  balance  and  material 
degradation  effects. 

Circle  No.  238  on  Subscriber  Service  Card 

Semi-Portable  Computer 

A  semi-portable  vertical  dynamic 
balancing  machine  and  computing  sys- 

tem, which  translates  vibration  into  cor- 
rective balancing  data,  is  available  from 
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R/M  ASBESTOS- 

PHENOLICS 

The  component:  EXIT  SKIRT 

The  missile:  TITAN 

The  Titan  missile  wears  a  skirt  molded  of 
R/M  Style  40RPD  Pyrotex®  felt  impreg- 

nated with  a  special  heat-resistant  phenolic 
resin. 

There  are  at  least  half  a  dozen  good 
reasons  why  Pyrotex  felt  is  the  specified 
material  for  one  of  the  hottest  spots  on 
the  Titan. 

Pyrotex  is  economical,  available  from 
stock,  and  has  long  shelf  life.  When  im- 

pregnated, it  has  a  very  high  strength-to- 
weight  ratio.  It  ablates  uniformly.  And  you 
can  select  your  preferred  molding  technique 
from  vacuum  bagging,  high  pressure  bag- 

ging, autoclaving  or  high  pressure  com- 
pression molding. 

Coaters  can  impregnate  this  felt  with  any 
resin  you  specify.  It  can  be  slit  into  any 
width  for  use  as  tape.  R/M  will  work  with 
you  to  assure  top  quality 
moldings  that  cost  less. 

Talk  to  the  man  from 
R/M  about  your  specific 
application  for  this  or 
other  forms  of  R/M  asbes- 
tos-phenolics. 

Cross  section  showing  exit  skirt molded  of  Prepreg, 
R/M  Style  40RPD  Pyrotex®  felt. 

1» 

RAYBESTOS -MANHATTAN,  INC. 
Reinforced  Plastics  Department.Manheim.Pa. 

SPECIALISTS  IN  ASBESTOS 
RUBBER,  ENGINEERED  PLASTICS.  SINTERED  METAL 

International  Research  and  Develop- ment Corp. 

The  new  device  detects,  isolates, 
analyzes,  and  reports  vibration  caused 
by  unbalance  in  vertically  operated  ro- 

tating machinery,  or  components  for 
general  industry  and  aerospace  projects. 

Designed  to  balance  components 
having  only  one  positive  mounting 
point,  the  device  tests  equipment  in 
a  vertical  position.  The  test  piece  is 
placed  on  a  workpiece  mounting  plate, 
which  is  firmly  attached  to  the  vertical 
support  shaft,  carried  by  an  upper 
and  lower  bearing.  Each  bearing  is 
suspended  in  a  manner  allowing  one 
degree  of  freedom  horizontally  while 
the  lines  of  motion  of  both  bearings 
are  contained  in  a  common  vertical 
plane.  The  workpiece  may  be  rotated 
in  variable  speeds  up  to  300  rpm. 

Circle  No.  239  on  Subscriber  Service  Card 

Spectrum  Analyzer 

The  General  Applied  Science  Labo- 
ratories, Inc.,  has  available  the  SA-12A 

spectrum  analyzer.  Inputs  may  be  de- 
rived from  tape  as  well  as  in  real  time. 

Output  information  is  available  in  dig- 
ital and  analog  form.  The  system  band- 

width extends  from  virtually  dc  to  250,- 
000  cps  over  several  scales.  The  lower 
frequency  scale  extends  from  dc  to  5 
cps  with  a  0.01  cps  resolution.  The  form 
of  input  is  in  no  way  restricted  and  may 
include  periodic,  transient,  or  random 
signals. 

The  3-db  resolution  is  1/500  of  the 
maximum  frequency  in  each  scale.  The 
storage  time  figures  are  based  on  a  delay 
line  length  of  2000  microseconds,  a 
minimum  sampling  rate  of  4:1  and  a 
total  storage  capacity  of  2000  words. 

Circle  No   240  on  Subscriber  Service  Cord 

Three-Way  Valve 

A  high-speed  and  high-pressure 
three-way  ball  valve  is  being  marketed 
in  a  solenoid-controlled  type  from  Flo- 
dyne  Controls,  Inc. 

The  valve  is  designed  for  applica- 
tions requiring  high-speed  directional 

flow  control  with  a  minimum  of  pres- 

sure drop  in  gas  and  fluid  lines,  and 
zero  leakage  at  3000  psi. 

Major  features  are  operating  times 
of  less  than  50  milliseconds  with  valve 
resetting  on  de-energizing  of  solenoid, 
positive  electrical  feedback  of  valve 
position  with  visual  position  indicator. 

Circle  No.  241  on  Subscriber  Service  Card 

new  literature 

APPLICATIONS  OF  SPECTRUM 
ANALYZER— A  free  handbook  de- 

scribing applications  of  spectrum  anal- 
yzers in  telemetry,  biological  research, 

measurement  of  Doppler  changes,  seis- 
mic vibrations  and  burning  stability  of 

rocket  fuel  has  been  published  by  Ray- 
theon Company's  industrial  components division.  Illustrated  with  photographs, 

drawings,  block  diagrams  and  charts, 
the  eight-page  handbook  also  describes 
operation  and  specifications  of  Ray- 

theon's Rayspan  spectrum  analyzers. Circle  No.  200  on  Subscriber  Service  Card 

CONTROLLED  RECTIFIER— A  book 
published  by  International  Rectifier 
Corp.  stresses  the  importance  of  the 
physical  properties  of  controlled  recti- 

fiers and  their  effect  in  application.  The 
text  has  been  based  only  on  those  device 
characteristics  that  can  be  observed  and 
measured.  Subjects  covered  include 
structure  and  operation,  static  charac- 

teristics, dynamic  characteristics,  gate 
characteristics,  thermal  characteristics, 
cooling  methods  and  test  procedures. 

Circle  No.  201  on  Subscriber  Service  Card 

CARBON  COMPOSITION  POTENTI- 
OMETER— Centralab  has  announced 

the  publication  of  an  eight-page  engi- 
neering catalog  devoted  to  the  Model 

Two  Radiohm  (R)  potentiometer.  This 
brochure  describes  all  basic  variations 
of  this  control.  Illustrations  and  detailed 
dimensional  drawings  of  four  terminal 
types,  five  mountings,  10  shaft  styles, 
and  five  switches  that  can  be  supplied 
as  standard  variations  of  the  Model  Two 
potentiometer  are  listed.  In  addition, 
26  standard  tapers  are  available. 

Circle  No   202  on  Subscriber  Service  Card 

ULTRA-HIGH-VACUUM  TEST  SYS- 
TEM— Features  specifications  of  the 

Type  1452  test  facility,  which  duplicates 
outer  space  altitude  and  temperature 
conditions  for  running  long-term  evalu- 

ating tests  on  electronic  or  mechanical 
components,  are  covered  in  four-page 
Technical  Bulletin  1452521  from  Gen- 

eral Vacuum  Corp.  The  system  attains  2  x 
10-8  torr  without  heavy  baking  or  me- 

tallic gaskets,  and  can  maintain  shroud 
and  platen  temperatures  independently 

and  accurately  between  —  100°F  and 
250°F. Circle  No   203  on  Subscriber  Service  Card 
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soviet  affairs 

By  Dr.  Albert  Parry 

High  praise  for  Soviet  rocket  troops  .  .  . 
has  for  weeks  and  months  filled  Krasnaya  Zvezda  (Red  Star).  Begin- 

ning in  October,  a  note  of  urgency  was  sounded  in  the  main  organ 
of  the  Red  armed  forces. 

The  Oct.  7  issue  typically  front-paged  a  report  from  two  special 
correspondents,  Majors  A.  Shichalin  and  Ye.  Udovichenko,  at 
"Rocket  Unit  X"  described  as  one  of  "strategic  missiles."  A  photo 
of  a  huge  rocket  accompanied  their  account  of  the  unit's  training 
exercises.  The  article  stressed  the  unit's  prompt  and  enthusiastic 
response  to  the  announcement  that  the  USSR's  armed  forces  were  to 
be  brought  to  "the  highest  combat  readiness."  The  writers  stated  that a  number  of  men  in  the  outfit  who  were  near  the  end  of  their  terms 

of  service  filed  requests  to  postpone  their  release.  The  rocket  unit's 
training  exercise  proved  remarkably  successful,  the  writers  reported, 
even  though  it  was  conducted  with  incomplete  crews:  the  practice  of 
teaching  Soviet  rocket  men  two  and  three  specialties  each,  instead  of 
just  one,  has  paid  off;  the  men  can  easily  substitute  for  one  another. 

But  certain  weaknesses  .  .  . 

of  Red  rocket-troop  twining  are  being  admitted.  In  its  lead  editorial  of 
Oct.  23,  Krasnaya  Zvezda  criticized  Soviet  missile-unit  commanders 
who,  carried  away  by  their  purely  administrative  tasks,  neglect  their 
mens  combat  readiness,  particularly  coordination  of  their  individual 
skills  at  the  launchers. 

On  the  eve  of  setting  out  for  the  launching  sites,  the  article  says, 
these  officers  find  that  their  troops  are  not  up  to  handling  complex 
problems.  The  commanders  "cannot  see  nor  wish  to  see  the  latest 
problems  brought  up  by  modern  war  science,"  Red  Star  declares. 
They  have  grown  soft;  "having  become  accustomed  to  act  under 
easy  conditions,  they  are  reluctant  to  make  their  troops'  training 
assignments  more  complex." 

Some  rocket  officers  are  chided  .  .  . 

for  unwillingness  to  train  their  subordinates.  In  Krasnaya  Zvezda  of 
Sept.  21,  Senior  Lt.  L.  Yegorov  castigates  colleagues  who  deliver 
lectures  to  gatherings  of  a  score  or  more  missile  soldiers  rather  than 
bother  with  individual  training.  Yet,  the  indignant  lieutenant  points 
out,  in  many  a  rocket  unit  "an  officer  often  has  under  his  immediate 
command  no  more  than  one  or  two  soldiers,"  and  the  job  of  insruct- 
ing  them  in  handling  rocket  machinery  is  easy  and  not  at  all  "dirty," 
although,  of  course,  "to  convince  or  teach  one  man  is  harder  than 
to  lecture  20  or  30  troopers  at  once." 

Young  soldiers  are  sometimes  barred  .  .  . 
from  handling  rockets  even  if  they  joined  these  missile  units  after 
proper  training.  A  Sept.  20  Krasnaya  Zvezda  editorial  on  this  subject 
complains  that  certain  rocket  officers  are  afraid  to  trust  fresh  recruits 

with  complicated  mechansims  "lest  the  young  expert  botches  the 
entire  operation."  But  if  they  are  deprived  of  practice,  it  notes,  "how 
will  the  young  warrior  become  an  experienced  specialist?"  Other 
rocket  commanders,  the  editorial  reports,  are  too  timid  even  with 
good  troops  at  their  disposal.  One  Soviet  missile  officer  habitually 
halts  his  unit's  training  when  night  falls. 

"But  will  a  real  enemy  under  the  circumstances  of  a  real  battle 
extend  to  him  the  courtesy  of  such  an  intermission?"  asks  Krasnaya 
Zvezda.  And  then  there  is  the  rocket  supply  officials'  over-thrifty 
reluctance  to  furnish  missile  troops  with  enough  material  for  target 
practice.  "We  are  greatly  surprised  by  this  unwillingness,"  laments 
a  captain  of  the  Soviet  navy,  describing  the  trials  as  well  as  triumphs 
of  Red  missile-armed  boats  in  Krasnaya  Zvezda  of  Oct.  2. 
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There's  a  "right"  job 

for  every  engineer 

Are  you  in  yours? 

A  Utopian  philosophy,  sure.  But 
we're  convinced  that  a  good 

engineer — in  the  "right"  job — is a  satisfied  and  happy  man 
who's  stimulated  by  competition, 

excited  by  challenge.  His  per- 
formance is  rewarded  by  recognition 

and  career  growth.  We  want 
engineers  like  this  for  our  fast- 

moving  advanced  TITAN  programs 
in  Denver.  Openings  are  available  in 

several  "right"  jobs.  Yours,  maybe. 

Propulsion  Systems 

Aerodynamics 
Guidance  and  Control 

An  appropriate  engineering  degree 
plus  experience  is  required. 
Send  resume  in  confidence  to: 

f.  a.  McGregor 
Manager  of  Personnel  Staffing 

Mail  No.  A-64 — P.O.  Box  179U 
Denver  1,  Colorado 

An  equal  opportunity  employer 
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names  in  the  news 

KAHN  WAITLEY 

K.  Robert  Kahn:  Named  corporate  vice 
president,  Lear  Siegler,  Inc.,  Los  Angeles. 

Denis  E.  Waitley:  Appointed  manager  of 
advertising  and  public  relations  for  Elec- 

tronic Speciality  Co.,  Los  Angeles. 
Victor  E.  Matulaitis:  Appointed  senior 

research  and  development  engineer  at  Ex- 
Cell-O,  Detroit. 

Joseph  M.  Walsh:  President  of  the  In- 
strument Div.  of  Lear  Siegler,  Inc.,  Grand 

Rapids,  Mich.,  named  a  corporate  vice 
president. 

Ed  C.  Nikkei:  Named  manager  of  con- 
tract administration  and  weapons  system 

manager  of  Beech  Aircraft  Corp.,  Wichita, 
Kan. 

A.  M.  Okun:  Appointed  corporate  di- 
rector of  reliability  for  General  Instrument 

Corp.,  Newark,  N.J. 
Fred  F.  Willis:  Appointed  program  di- 

rector, subcontracts,  at  the  Aircraft-Mis- 
siles Div.  of  Fairchild  Stratos,  Hagers- 

town,  Md. 
Robert  W.  Tharrington:  Named  vice 

president-general  manager  of  the  Boeing 
Co.'s  Vertol  Div.,  Morton,  Pa. 

Dr.  Robert  S.  Carlson:  Appointed  di- 
rector of  engineering  at  Ford  Motor  Co.'s Aeronutronic  Div.,  Newport  Beach,  Calif. 

James  C.  Elms  appointed  director  of  space 
and  electronics.  Charles  H.  Sword  ap- 

pointed manager  of  the  contract  adminis- 
tration office. 

James  E.  Duff:  Elected  vice  president 
of  Alsop  Engineering  Co.,  Milldale,  Conn. 

Dr.  Charles  Carroll:  Selected  to  head 
a  group  of  senior  scientists  and  engineers 
who  will  serve  on  a  Range  Development 
Technical  Staff  at  the  Atlantic  Missile 
Range.  Also  serving  are  Dr.  H.  H.  Ger- 
mond,  Dr.  Samuel  Burkett  and  Dr.  Paul 
Broome. 

Earl  Gregory:  Named  Minuteman  pro- 
gram manager  for  Raytheon  Co.'s  Semi- conductor Div.,  Mountain  View,  Calif. 

Richard  A.  Wilson:  Appointed  vice 
president  and  general  manager  of  General 
Dynamics/ Electronics,  Rochester,  N.Y. 

Bliss  M.  Bushman:  Appointed  vice  pres- 
ident-engineering at  Consolidated  Systems 

Corp.,  Monrovia,  Calif. 
Alan  B.  Dallas:  Appointed  vice  presi- 

dent-field   engineering    for  Minneapolis- 
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Honeywell's  Military  Products  group,  Min- neapolis. 
R.  L.  Halpern:  Appointed  director  of 

electronic  systems  at  the  Ventura  Div.,  of 
Northrop  Corp.,  Ventura,  Calif. 

Roy  A.  Lindberg:  Elected  chairman  of 
the  board  of  Lindberg  Engineering  Co., 
Chicago. 

William  H.  Gable:  Appointed  director 
of  engineering  of  Aircraft  Armaments, 
Inc.,  Cockeysville,  Md. 

Lawrence  J.  Torn:  Appointed  a  vice 
president  of  the  Data  Systems  Div.  of 
Harman-Kardon,  Inc.,  Plainview,  N.Y. 

Eugene  A.  Holmes  III:  Appointed  vice 
president  and  general  manager  of  the  Semi- 

conductor Div.  of  Hoffman  Electronics 
Corp.,  Los  Angeles. 

Vice  Adm.  Robert  B.  Pirie  (USN-Ret.): 
Joined  Aerojet-General  Corp.,  Azusa, 
Calif.,  as  executive  assistant  to  the  pres- ident. 

Dr.  Bernard  Levine:  Named  manager 
of  applications  at  Martin  Co.'s  Space  Sys- tems Div.,  Baltimore. 

Ivan  J.  Dornbush:  Elected  president 
of  Technology  Instrument  Corp.  of  Cali- 

fornia, Newbury  Park,  Calif. 
Rear  Adm.  Norman  Farquhar  Garton 

(USN-Ret.):  Elected  vice  president  of 
Greer  Hydraulics,  Inc.,  Los  Angeles. 

I. eland  H.  Frandsen:  Appointed  assist- 
ant secretary  of  Consolidated  Electrody- 

namics Corp.,  Pasadena,  Calif. 
Alexander  Matiuk:  Appointed  vice 

president-engineering  of  Gibbs  &  Hill. 
Inc.,  New  York  City. 

M.  R.  Collins,  Jr.:  Named  manager  of 
Lockheed  Missiles  &  Space  Co.'s  Space Systems  Div.,  Sunnyvale,  Calif. 

Robert  W.  Stieg:  Named  chief  engineer 
at  FWD  Corp.,  Clintonville,  Wis. 

Dr.  William  E.  Shoupp:  Elected  vice 
president  and  general  manager  of  Westing- 
house  Research  Laboratories,  Pittsburgh. 

Dr.  Sidney  Krasik  elected  vice  presi- 
dent and  general  manager  of  the  Astronu- 

clear  Laboratory,  Westinghouse  Electric Corp. 
Daniel  W.  Bender:  Named  manager  of 

the  district  marketing  office  of  General 
Precision's  Librascope  Div.,  San  Francisco. 

Thomas  A.  Callaghan,  Jr.:  Appointed 
international  programs  manager  for  the 
Aeronutronic  Div.  of  Ford  Motor  Co., 
Washington. 

Ernest  Steam:  Named  vice  president 
and  director  of  microwave  research  at 
Microwave  Chemicals  Laboratory,  Inc., 
New  York  City. 

Paul  H.  Crago:  Appointed  chief  engi- 
neer of  the  Controls  Div.,  Elgin  National 

Watch  Co.,  Burbank,  Calif. 
Robert  C.  Clouse:  Appointed  manager 

of  government  sales  for  Denison  Engineer- 
ing Div.,  American  Brake  Shoe  Co.,  Co- lumbus, Ohio. 

Neal  Diepeveen:  Appointed  engineer- 
ing manager  for  Kaiser  Electronics,  Inc., 

Union,  N.J. 
Dr.  Hal  Ellis:  Appointed  manager  of 

Marquardt  Corp.'s  newly  created  Reliabil- ity and  Product  Integrity  Dept.,  Power 
Systems  Div.,  Van  Nuys,  Calif. 

Richard  J.  Flynn:  Appointed  vice  presi- 
dent and  assistant  to  the  president  of  Ling- 

Temco-Vought,  Inc.,  Dallas,  Tex. 
Mark  P.  White:  Appointed  chief  engi- 

neer of  the  Electronics  Div.  of  Anderson 
Laboratories,  Inc.,  West  Hartford,  Conn. 

Robert  F.  Frost:  Appointed  director  of 
engineering  of  Welex  Electronics  Corp., 
Washington,  DC. 

Dr.  William  C.  Hunt:  Appointed  man- 
ager of  laboratory  facilities  of  the  central 

research  laboratories  of  Celanese  Corp.  of 
America,  Summit,  N.J. 

Herbert  Harris,  Jr.:  Appointed  director 
of  engineering  for  Sperry  Gyroscope  Co., 
Great  Neck,  N.Y. 

Lt.  Col.  James  L.  Farmer  (USA  ret.): 
Named  senior  representative  for  Army 
programs  of  the  Motorola  Military  Elec- tronics Div.,  Scottsdale,  Ariz. 

James  W.  Dunham:  Appointed  director 
of  advanced  missile  systems  at  Northrop 
Norair  Div.  of  Northrop  Corp.,  Haw- 

thorne, Calif. 
Dr.  M.  Gali  Sanchez:  Appointed  direc- 
tor of  inorganic  research  for  W.  R.  Grace 

Corp.'s  Washington  Research  Center, Washington,  D.C. 
Daniel  R.  Fisher:  Appointed  assistant 

manager.  Surface  Armament  Div.  of 
Sperry  Gyroscope  Co.,  Great  Neck,  N.Y. 
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-when  and  where- 

NOVEMBER 

Mid-America  Electronics  Conference,  IRE, 
Hotel  Continental,  Kansas  City,  Mo., 
Nov.  19-20. 

Twelfth  Semi-Annual  Meeting  and  Mid- 
year Conference  of  the  Manufacturing 

Chemists'  Assn.,  Commodore  Hotel, 
New  York  City,  Nov.  20. 

ASME  Winter  Annual  Meeting,  Statler 
Hilton  Hotel,  New  York  City,  Nov. 
25-30. 

Western  States  Section  Meeting,  The  Com- 
bustion Institute,  Aerojet-General 

Corp.,  Sacramento,  Calif.,  Nov.  26-27. 
Annual  Coordinated  Meetings:  American 

Nuclear  Society,  Atomic  Industrial 
Forum  and  joint  Atom  Fair,  Sheraton- 
Park  and  Shoreham  Hotels,  Washing- 

ton, D.C.,  Nov.  26-28. 
American  Institute  of  Electrical  Engineers, 

Machine  Tools  Conference,  Statler  Hil- 
ton Hotel,  Detroit,  Nov.  26-28. 

Environmental  Testing  Seminar,  sponsored 
by  Gulton  Industries,  Inc.,  Metuchen, 
N.J.,  Nov.  26-30. 

Radio  Technical  Commission  for  Aero- 
nautics, Fall  Meeting,  Marriott  Motor 

Hotel,  Washington,  D.C.,  Nov.  27-29. 
1962  Ultrasonics  Symposium,  IRE,  Co- 

lumbia University,  New  York  City, 
Nov.  28-30. 

Human  Factors  Society  Annual  Meeting, 
Barbizon-Plaza  Hotel,  New  York  City, 
Nov.  28-30. 

DECEMBER 

Fall  Joint  Computer  Conference,  sponsored 
by  American  Federation  of  Informa- 

tion  Processing   Societies    and  IRE, 
Sheraton  Hotel,  Philadelphia,  Dec.  4-6. 

Vehicular    Communications  Conference, 
IRE,  Disneyland  Motel,  Los  Angeles, 
Dec.  6-7. 

First  Annual  Symposium  on  Unconven- 
tional Inertial  Sensors,  Republic  Avia- 

tion Corp.'s  Paul  Moore  Research  & 
Development  Center,  Farmingdale, 
N.Y.,  Dec.  10-11  (classified). 

Pricing  and  Negotiating  Prime  and  Sub- 
contracts in  the  Defense  and  Aerospace 

Industries  Seminar,  Marriott  Motor 
Hotel,  Washington,  D.C.,  Dec.  10-14. 

Structural  Dynamics  Under  High  Impulse 
Loading  Symposium,  sponsored  by 
AFOSR  (Mechanics  Div.)  and  Aero- 

nautical Systems  Div.,  Wright-Patter- 
son Air  Force  Base,  Ohio,  Dec.  17-18. 

Space  Physics  Meeting,  American  Rocket 
Society  and  American  Assn.  for  Ad- 

vancement of  Science,  Philadelphia, 
Dec.  26-31. 

American  Astronautical  Society  Sympo- 
sium on  Scientific  Satellites-Mission 

and  Design,  Franklin  Hall,  Philadel- 
phia, Dec.  27. 

JANUARY 
Millimeter  and  Submillimeter  Conference, 

IRE,  Cherry  Plaza  Hotel,  Orlando, 
Fla.,  Jan.  7-10. 

American  Chemical  Society  National  Meet- 
ing, Cincinnati,  Ohio,  Jan.  13-18. 

Automotive  Engineering  Congress  and  Ex- 
position, Society  of  Automotive  Engi- 

neers, Cobo  Hall,  Detroit,  Mich.,  Jan. 
14-18. 

Ninth  Annual  American  Astronautical  So- 
ciety Meeting,  Statler  Hilton  Hotel,  Los 

Angeles,  Jan.  15-17. 31st  Annual  Meeting,  Institute  of  the 
Aerospace  Sciences,  Hotel  Astor,  New 
York  City,  Jan.  21-23. 

43rd  Annual  Meeting,  American  Meteoro- 
logical Society,  New  York  City,  Jan. 

21-24. 
Ninth  National  Symposium  on  Reliability 

and  Quality  Control,  Sheraton-Palace 
Hotel,  San  Francisco,  Calif.,  Jan.  22-24. 

Fifth  Annual  Army  Aviation  Contract 
Services  Symposium,  sponsored  by  Na- 

tional Aeronautical  Services  Assn.,  In- 
ternational Inn,  Washington,  D.C., 

Jan.  28. 
Fourth  Annual  Solid  Propellant  Rocket 

Conference,  American  Rocket  Society, 
Bellevue  Stratford  Hotel  and  the  Frank- 

lin Institute,  Philadelphia,  Jan.  30- 
Feb.  1. 

FEBRUARY 
Symposium  on  Engineering  for  Major 

Scientific  Programs,  Georgia  Institute 
of  Technology,  Atlanta,  Feb.  5-6. 

Electronic  Sales-Marketing  Assn.,  First  An- 
nual Convention,  Americana  Hotel, 

New  York  City,  Feb.  11-13. 

Advertisers'  Index 
Aerojet-General  Corp.,  Sub. — General  Tire  &  Rubber  Co.  . 

Agency — VArcy  Adv.  Co. 
Barber-Colman  Co.,  Aircraft  & Missile  Products  Div.  

Agency — Howard  H.  Monk  &  Assoc., Inc. 
Boeing  Co.,  The  

Agency — Bruce  B.  Brewer  &  Co. 
Dow  Corning  Corp.  

54 

6 

21 

Hicks  Corp.,  The  
Agency — Art  Newton  Adv.  Agency 

Hughes  Aircraft  Co.   
5,9 Agency — Foote,  Cone  &  Belding 

Martin  Co.,  Div.  Martin  Marietta 

Agency — Church  &  Guisewite  Adv., Inc. 
Frebank  Co.   

Agency — Fred  Russell  Co. 
General  Dynamics/ 

Astronautics   

 5 

31,32,33,  34 

Corp.  
Agency — BaU  &  Davidson,  Inc. 

Reinforced  Plastics  Dept.  of 
Raybestos-Manhattan,  Inc. 
Agency — Gray  &  Rogers 

Sperry  Gyroscope  Company   
Agency — Reach,  McClinton  &  Co., Inc. 

United  Technology  Corp. 

49 
48 

26,  27 

Agency — Barnes  Chase/ Adv. Agency — Hoefer,  Dieterich  &  Brown, Inc. 

Engineers 

West  Coast 

Opportunities 

SENIOR  ENGINEERS 

Vacuum 

Cryogenics Mechanical  Systems  Design 
With  a  background  of  staff  technical  super- 

vision od  design  and  studies  of  space  or  missile 
test  facilities.  Experience  should  be  on  large 
systems   both  operational   and  environmental. 

ENGINEERS 

Radiation  Shielding 

Design  engineer  with  experience  on  nuclear 
power  plants  or  space  facilities. 
Relocation  allowances  cover  moving  costs  plus 
transportation  reimbursement  for  you  and  mem- 
ben  of  your  family.  Please  send  a  resume  of 
experience,  including  your  present  and  required 
salary  to: 

Box  82 
Missiles  and  Rockets  Magazine 

1001  Vermont  Ave.,  N.W. 
Washington  5,  D.  C. 

ALL  REPLIES  HELD  CONFIDENTIAL 

M/R  BUSINESS  OFFICES 

Washington  S,   D.C. — 1001  Vermont  Avenue, 
NW;  STerling  3-5400 Craig    L.    Mason,    Director   of  Research 

New    York    17,  N.Y.— 20    East   46  Street; YUkon  6-3900 
Paul  B.  Kinney,  Eastern  Advertising  Manager Paul  N.  Anderson 

Beverly  Hills,  California— 8929  Wilshire  Blvd.: 
OLeander  5-9161 
Ronald  L.  Rose 
Edwin  J.  Denker,  Jr. 

Detroit,  Michigan — 21990    Greenfield  Road, 
Oak  Park,  Mich.;  547-8880 
Michael  Rouff 

Chicago  1,  Illinois — 1  East  Wacker  Dr.,  Room 
1522;  321-1444 R.  Lenn  Franke,  Jr. 

Dallas    24,  Texas — 222    Wynnewood  Profes- 
sional Building;  WHitehall  3-4266 John  L.  Hathaway 

Miami,    Florida — P.O.    Box   890,  Hollywood, 
Flo.;  Wilson  7-6072 
Ray  Caldiero 

London,   W.I.,   England — 7   Blenheim  Street; 
Hyde  Park  5070 American  Magazine  Group 

Geneva,  Switzerland — 10  Rue  Grenus;  Geneva 321044 

Paris,  France — 11  Rue  Condorcet;  TRU  15-39 

missiles  and  rockets,  November  19,  1962 

51 



editorial . . . 

ARS  Outdoes  Itself 

SOMETIMES,  everything  seems  to  go  just  right. 
Such  was  the  case  last  week  for  the  American 

Rocket  Society.  Its  17th  Annual  Meeting  and  Space 
Flight  Exposition  in  Los  Angeles  was  a  rousing 
success. 

From  the  moment  a  signal  flashed  from  Mariner 
II  to  open  the  exposition,  it  was  apparent  that  the 
last  ARS  show  was  going  to  be  the  best.  Even  the 
returns  on  the  ARS-IAS  election  carried  good  news — 
merger  into  the  American  Institute  of  Aeronautics 
and  Astronautics  seemed  assured  by  an  overwhelm- 

ing majority. 
But  the  new  AIAA  will  have  to  go  some  to  top 

the  final  show  of  the  ARS. 

This  year's  exhibition  in  Pan  Pacific  Auditorium, 
definitely  smaller  than  the  mammoth  show  held  last 
year  in  the  New  York  Coliseum,  was  better  planned 
and,  without  question,  more  useful  technically  for 
those  attending. 

Almost  every  stand  was  packed  with  technical 
exhibits,  demonstration  models  and  explanatory  ma- 

terial. We  did  not  visit  a  single  major  stand  where 
there  were  not  well  qualified  engineers  on  hand  to 
discuss  the  products. 

Non-technical  displays  were  at  a  minimum. 
Lectures  were  scheduled  frequently  throughout 

each  day.  One  could  listen  to  a  Grumman  engineer 
discuss  lunar  craft  with  the  aid  of  a  working  model 
or  learn  some  of  the  finer  points  of  ruby  lasers  from 
a  Hughes  scientist. 

The  Bendix  stand  seemed  almost  more  of  a  class- 
room than  a  trade  show  display. 

This  is  not  to  say  that  the  exhibition  was  dull — 
far  from  it.  There  was  a  liveliness  to  it  that  was 
heightened  by  the  fact  that  it  spilled  over  from  the 
main  auditorium  into  a  circus  tent  annex.  It  was,  to 
be  quite  honest,  fun. 

For  the  ARS  to  have  achieved  this  blend  of  tech- 
nical usefulness  and  lively  interest  is  indeed  an  ac- 

complishment. The  industry  firms  which  took  part  in 
the  exhibition  are  to  be  complimented  for  the  care 
which  went  into  the  displays. 

A  tour  of  the  sprawling  exhibition  overwhelmed 
visitors  with  the  breadth  and  complexity  of  the  U.S. 
space  effort: 

•  Dominating  the  big  tent  annex  was  the  huge 
Hercules  Powder  Co.  filament-wound  motor  case — 
large  enough  to  hold  a  walk-in  technical  demonstra- 

tion inside.  It  took  23  days  to  truck  the  case  from 
the  Hercules  Rocky  Hill,  N.J.,  plant  to  Los  Angeles. 
From  the  trek,  the  company  gained  valuable  experi- 

ence in  moving  large  motor  cases  across  country. 
For  those  who  remained  unimpressed  with  the  156- 
inch  size  of  the  case,  Hercules  engineers  were  on 

hand  with  the  reminder  that  it  was  wrapped  with 
240  million  miles  of  filament. 

•  Behind  the  Hercules  exhibit  was  what  appeared 
to  be  a  red  golf  cart  chugging  around  in  a  circle 
with  two  gentlemen  aboard.  This  was  no  ordinary 
golf  cart.  It  was  powered  by  a  3-KW  Allis  Chalmers fuel  cell. 

•  An  area  screened  off  by  canvas  concealed  a 
press  conference  in  which  Space  Technology  Labs 

was  explaining  the  "world's  smallest  satellite." 
•  Nearby,  Lear  Siegler  was  preparing  for  a  dem- 

onstration of  laser  welding  and  a  showing  of  the  first 
production  model  for  its  vacuum  method  of  micro- 
circuitry  deposition. 

•  A  U.S.  Air  Force  display  emphasized  advanced 
concepts  for  manned  and  unmanned  satellite  inter- 

ceptors, aerospace  plane  and  communications  satel- 
lites to  implement  military  command  and  control. 

•  In  a  meeting  room  adjacent  to  the  exhibit  area, 
an  engineer  explained  to  a  technical  session  the  per- 

formance characteristics  of  a  system  for  television 
broadcasting  by  satellites. 

•  Three  huge  helium-filled  balloons  were  em- 

ployed by  Douglas  Aircraft  to  lift  volunteer  "astro- nauts" off  the  floor  in  a  weight-reduction  demonstra- 
tion of  some  of  the  difficulties  of  working  in  a  space 

environment. 

•  A  Marquardt  working  model  clearly  demon- 
strated how  the  lunar  module  will  ascend  from  the 

Moon's  surface  to  rendezvous  with  the  Apollo  space- 
craft orbiting  overhead. 

A  taped  voice  explained  the  reaction  control 
rocket  engines  of  the  service  module:  "The  rocket 
engines  combine  three  major  elements — a  fuel  injec- 

tion system,  solenoid  valves,  and  the  thrust  chamber 
— molybdenum-coated  to  withstand  a  3000-degree 
operating  temperature.  Designed  for  radiation  cool- 

ing, the  engines  will  be  mounted  in  outboard  clusters 
of  four  at  90-degree  intervals  around  the  service 
module  exterior.  During  operation,  they  will  use 

hypergolic  bipropellant  fuel  to  produce  .  .  ." 
Outside  the  auditorium,  full-scale  boilerplate 

models  of  the  North  American  Apollo  command 
and  service  modules  emphasized  how  close  to  reality 
Marquardt's  theoretical  demonstration  was  coming. 

THE  SHOW  throughout  was  an  impressive  demon- stration of  the  vast  technical  effort  the  industry- 
government  team  is  pouring  into  the  U.S.  space  flight 
programs.  The  Rocket  Society  in  its  last  effort  under 
the  ARS  banner  has  left  a  magnificent  challenge  for 
the  AIAA  in  a  job  well  done. 

William  J.  Coughlin 
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During  the  past  twenty  years  AETRON  innovations  frequently  have  set  the  pace  in  the  design  of  instrumentation  and  control 
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can  assume  full  responsibility  for  your  instrumentation  or  control  project,  or  assist  your  engineers  in  implementing  your 

requirements.  For  more  information  contact  AETRON,  410  N.  Citrus,  Covina,  California. 
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Command— the  most  reliable  and  advanced  closed 
loop  systems  with  provisions  for  secure  command codes. 

Confirmation  of  Command— Real  time  telemetry 
information  with  "teletrack"  systems  and 

transmitter  beacons  operating  even  through  re-entry barriers. 
Information  Display— Instant  and  precise  visual 

inspection  of  information  through  digital  data  display 
systems  based  on  a  technological  breakthrough  of  the 

color  gas  cell  principle. 
For  additional  information  on  Astronics'  leadership  in 
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K  1500  automatic  electronic  switching  systems 

The  K-1500  series  is  designed  for  advanced  communications  use  by  government  and  the  military.  This  fully  transistor- 
ized two  or  four  wire  system  combines  the  advantages  of  space  division  in  the  voice  paths  and  time  division  in  the 

control  circuits.  Replacing  a  roomful  of  sprawling  equipment,  the  K-1500  series  simplifies  and  expedites  the  switching 
of  both  vocal  and  coded  data  communications.  The  completely  self-contained  system  occupies  as  little  space  as  two 
4-drawer  file  cabinets,  operates  on  as  little  power  as  a  television  set,  and  can  be  installed  in  a  matter  of  hours.  The 
K-1500  is  easy  to  operate;  the  color-coded,  cordless  attendant's  console  shows  the  operator  what  to  do  at  any  given 
time.  The  K-1500  is  easily  maintained;  miniaturized  solid  state  circuitry  is  on  interchangeable  printed  circuit  cards. 
The  K-1500  is  readily  expandable,  one  of  the  many  benefits  of  modular  construction.  The  system  can  be  expanded  to 
accommodate  any  number  of  lines  for  intra  unit  and  outside  calls -and  is  not  affected  by  environmental  variations. 
Unique  proven  logic  concepts  and  features  assure  that  the  K-1500  is  ready,  now,  to  do  your  communications  job. 
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challenge with  a  future  . 

The  CHRYSLER  Corporation  SPACE  Division 
was  born  of  experience  over  a  decade  in  the 

research,  design,  development,  fabrication,  as- 
sembly, test,  and  launch  support  of  large  liquid- 

propelled  missile  systems  and  space  boosters. 
The  CHRYSLER  Corporation  SPACE  Division, 

as  a  prime  contractor  in  the  SATURN  S-l,  C-1 
Space  Program,  has  responsibilities  which  include 
a  broad  spectrum  of  engineering  technology.  To 
these  have  been  added  tasks  in  ADVANCE  EN- 

GINEERING and  PRODUCT  IMPROVEMENT. 

The  scope  of  this  undertaking  offers  excep- 
tional opportunities  for  ENGINEERS  and  SCIEN- 
TISTS who  enjoy  fulfilling  intensive  assignments 

where  individual  creativity  is  encouraged. 

Consider  these  added  values  of  a  career  with 
CHRYSLER  Corporation  SPACE  Division: 

•  Association  with  top  technical  minds. 
•  Excellent  career  advancement  potential. 
•  University  facilities  for  advanced  study. 
•  Pleasant  living  in  3  choice  Southern  locations. 

If  you  have  engineering  experience  in  re- 
search, preliminary  design,  test  or  development 

in  the  areas  of  AERO  and  ASTRONAUTICS, 
ELECTRONICS,  SYSTEMS,  LIQUID  PROPULSION, 
STRUCTURES,  or  ANALOG  and  DIGITAL 

COMPUTATION,  send  your  resume  in  confi- 
dence to  Personnel  Department,  P.O.  Box  26018, 

New  Orleans  26,  La. 

CHRYSLER    CORPORATION    SPACE  DIVISION 
CAPE   CANAVERAL,  FLA.         HUNTSVILLE,    ALA.         NEW    ORLEANS,  LA. 

An  Equal  Opportunity  Employer 



Two  major  task  areas  are  of 
special  interest: 

ADVANCE 
ENGINEERING 

This  branch  analyzes  existing 
Or  proposed  space  system  designs 
and  operational  characteristics  to 
establish  system  requirements  and 
feasibility  fordeveloping  design  con- 

cepts. It  includes  these  sections: 
Aeroballistics — concerned  with  dy- 

namics and  trajectory  analyses,  aer- 
odynamic heating,  staging  studies, 

aerodynamics,  and  flight  evaluation. 

Preliminary  Design — establishes 
configuration  feasibility  to  meet 
mission  changes  and  future  mis- 

sions as  dictated  by  program  re- 
quirements. 
Future  Systems  Analysis— studies 
advanced  systems  with  considera- 

tion of  tradeoffs  between  various 
parameters  as  well  as  projected 
availability  of  new  and  higher  per- 

formance hardware. 

PRODUCT 
IMPROVEMENT 

These  programs  provide  for 
assignment  involving  the  major  ele- 

ments of  the  structural,  mechanical, 
and  materials  disciplines,  including 
complete  or  partial  feasibility  stud- 

ies, design,  development,  analysis, 
and  testing.  Tasks  also  are  initiated 
in  the  areas  of  electrical  systems, 
instrumentation,  and  automatic 
checkout.  Component  product  im- 

provement tasks  will  be  performed 
to  correct  design  deficiencies  and 
marginal  conditions  detected  in  the 
evaluation  and  test  programs. 

CHRYSLER  corporation 

SPACE  division 

An  Equal  Opportunity  Employer 

— letters  
The  Ethics  of  Fame 

To  the  Editor: 
I've  just  read  with  a  great  deal  of  in- 

terest your  Nov.  5  editorial,  "The  Ethics 

of  Fame." Permit  me  to  take  my  hat  off  to  you. 
Your  editorial  says  a  lot  of  things  that 
have  needed  saying.  I've  read  quite  a  few editorials  on  the  subject  but  none  that 
could  hold  a  candle  to  yours. 

M.  B.  Schnapper 
Editor 
Public  Affairs  Press 
Washington,  D.  C. 

To  the  Editor: 
It  is  unique  to  be  able  to  focus  one 

virtuous  eye  upon  the  astronauts  and  one 
benevolent  eye  upon  the  space  industry 
while  talking  about  ethics  out  of  both  sides 
of  your  mouth.  There  is  yet  humor  in  the 
world. 

Richard  B.  Monroe 
Oxford,  Ohio 

To  the  Editor: 
You  are  so  pure!  Your  editorial  is 

enough  to  make  all  who  are  struggling 
to  conquer  the  unknowns  of  spaceflight 
slam  down  their  slide  rules  and  screw- 

drivers in  nauseated  disgust.  Who  has  a 
better  right  to  the  financial  benefits  ob- 

tained from  their  space  efforts  than  our 
atsronauts — some  Hollywood  movie  ty- 
coon? 

The  conquest  of  space  has  often  been 
compared  to  the  discovery  of  the  Americas 
by  Columbus.  Before  Columbus  set  sail 
he  demanded  to  be  made  admiral  of  all  the 
islands,  seas,  and  continents  that  he  might 
discover  and  a  tenth  of  all  the  precious 
metals  discovered  within  his  admiralty. 
Our  astronauts  made  no  such  requests. 

When  Columbus  discovered  the  Ameri- 
cas he  was  awarded  by  his  government, 

among  other  things,  one  eighth  of  the 
gross  and  one  tenth  of  the  net  profit  of 
each  voyage  to  the  Americas.  Our  astro- nauts received  no  such  financial  benefits 
from  the  government  for  their  extremely 
hazardous  space  flights. 

Yet,  when  the  exploits  of  Columbus 
became  unpopular  with  the  ruling  powers 
of  his  government,  he  was  disgraced  and 
thrown  into  prison.  In  this  country  there 
are  some  who  are  so  opposed  to  our  space 
program  that  they  too  would,  if  they  had 
the  power,  will  a  similar  fate  on  our 
courageous  astronauts. 

The  objectives  of  most  ambitious  men, 
and  commendably  so,  is  to  obtain  and  en- 

joy for  themselves  and  their  families  the 
better  things  in  life.  When  through  estima- 

ble hard  work  under  hazardous  conditions, 
the  likes  of  which  have  never  been  en- 

countered before,  our  astronauts  obtain 
some  semblance  of  financial  achievements, 
I  think  they  should  be  pointed  to  with 
pride  and  not  cynical  criticism. 

I  for  one  have  enjoyed  vicariously 
many  of  the  heartaching  disappointments 
and  thrilling  successes  of  our  astronauts. 
I  am  very  happy  to  see  that  from  their 

efforts  to  resolve  the  problems  of  inter- 
planetary travel  they  are  obtaining  some 

of  the  wealth  of  this  planet. 
However,  since  we  all  have  a  difference 

of  opinion  now  and  then  I  think  you 
should  be  allowed  to  express  your  philos- 

ophy on  this  subject  no  matter  how  much 
controversy  it  may  create. 

D.  R.  Bross 
Canoga  Park,  Calif. 

To  the  Editor: 
You  say  our  astronauts  have  shown 

a  lack  of  character  and  have  failed  in 
honor  and  reputation.  The  reason  for  this 
you  say  is  that  they  are  profiting  on  their 
fame.  As  any  red-blooded  ancient  philos- 

opher would  clearly  state,  no  men  of 
Homeric  stature  who  are  leaders  and  ad- 

visors in  matters  of  honor  in  the  best 
classical  tradition  would  ever  do  such  a 
deplorable  thing  or  even  consider  doing 
it.  Well  sir,  I  cannot  seem  to  agree  with 
you,  and  furthermore  feel  that  someone 
should  state  another  side,  to  this  picture. 
This  opinion,  although  it  may  not  even  be 
in  agreement  with  the  astronauts,  for  they 
may  agree  with  you  for  all  I  know,  should be  voiced  once  and  for  all.  .  .  . 

First  of  all,  why  should  an  astronaut 
be  asked  to  remain  in  such  a  high  state 
of  dignity  with  an  untouchable  stature 
high  upon  a  pedestal?  True,  the  astronauts 
are  figureheads,  symbols  of  great  American 
advancements  in  science,  and  should  con- 

duct themselves  accordingly.  But  should 

they  live  out  their  lives  in  a  fishbowl,  se- cluded from  the  materialistic? 
We  all  want  to  read  stories  about  the 

astronauts,  about  their  wives,  about  their 
children,  etc.;  therefore,  should  they  just 

give  their  stories  to  LIFE  or  another  maga- 
zine for  nothing?  Donating  all  this  money 

away  to  some  scholarship  fund,  charity, 
etc.,  would  be  a  quite  illogical  and  senseless 
alternative.  It  would  not  be  in  the  best 
interests  of  themselves  or  their  families, 
since  they  are  not  in  a  high  income  bracket to  begin  with.  .  .  . 

All  our  great  and  notable  scientists, 
from  Von  Braun  down,  are  considered 
fortunate  when  their  salaries  are  $20- 
$25,000  a  year.  But  in  this  same  society 
we  find  movie  stars  and  other  entertainers 
who  earn  $20,000  a  month  or  more.  .  .  . 

I  do  not  think  any  legitimate  accept- 
ance of  income  by  the  astronauts  down- 

grades their  character,  but  in  fact  shows 
the  world  that  in  our  wild,  carefree,  money- 
rich  society  some  of  the  just  still  get  their well-deserved  share. 

Edward  W.  Wooddell 
Wright-Patterson  AFB,  Ohio 

To  the  Editor: 
Your  courage  in  saying  what  needed 

saying  has  not  gone  unnoticed. 

Of  course,  as  you  quoted  Seneca,  "The reward  of  a  thing  well  done  is  to  have  done 

it." 

G.  M.  LeFave 
Whittier,  Calif. 
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Manufacturing  OGO  is  one  of  STL's  63  NASA  projects 

since  1960.  Current  NASA  projects  range  from  manufac- 

ture of  space  hardware  to  studies  of  spacecraft  systems, 

including  the  Lunar  Logistics  System  Spacecraft  Bus. 
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The  Countdown 

WASHINGTON 

SPRINT  Contract  Award  Expected  Soon 
Announcement  of  a  contract  for  development  of  the 

SPRINT  high-acceleration  antimissile  missile  is  expected 
by  mid-December.  Front-runner  is  Douglas  Aircraft. 
SPRINT  is  designed  to  counter  re-entry  vehicles  lower 
in  their  trajectory  than  Nike-Zeus,  enabling  the  system 
to  handle  more  targets  per  battery.  The  missile  reportedly 
will  be  able  to  accelerate  to  Mach  6  in  30  sec. 

NASA  Budget  Fight  Heats  Up 

If  not  solved,  NASA's  intra-agency  financial  dispute 
will  break  into  the  open  at  upcoming  Congressional  hear- 

ings on  the  FY  '64  budget.  Some  officials  are  threatening 
privately  to  take  their  case  for  more  money  to  Congress 
if  top  management  turns  them  down.  Not  only  is  there 
dissatisfaction  with  the  amount  of  money  being  set  aside 
for  manned  spaceflight,  but  officials  in  the  space  sciences 
are  irritated  at  loss  of  money  to  other  projects. 

Tales  of  the  South  Pacific 

Dept.  of  Defense  officials  won't  comment,  but  reports 
of  failures  in  the  Nike-Zeus  program  at  Kwajalein  are 
true.  Two  planned  intercepts  failed  due  to  electronic  diffi- 

culties and  a  third  was  aborted  when  the  Atlas  target 
vehicle  did  not  cover  the  full  distance  to  the  intercept 
point. 

Radiation  Belt  Is  Decaying 
Experts  now  believe  the  artificial  radiation  belt  created 

by  the  July  9  U.S.  high-altitude  nuclear  test  will  have 
dissipated  by  next  summer. 

Special  Report  on  Ranger  Due  Soon 
A  special  NASA  committee  probing  five  consecutive 

failures  in  the  Ranger  program  is  expected  to  submit  its 
report  to  top  officials  in  about  three  weeks.  Cancellation 
of  the  program  does  not  appear  to  be  in  the  cards.  But 
the  committee  of  technical  experts  is  expected  to  recom- 

mend improvements  to  the  spacecraft. 

Third  Saturn  Stage  Under  Study 

NASA's  decision  on  a  third  stage  for  the  Saturn  C-l 
booster  will  be  made  by  the  Office  of  Space  Sciences.  Its 
unmanned  scientific,  lunar  and  interplanetary  spacecraft 
currently  are  the  only  ones  requiring  a  three-stage  vehicle. 
Both  Agena  and  Centaur  are  under  consideration. 

No  Market  for  Used  Mercuries 

A  plan  to  use  refurbished  Mercury  capsules  as  rendez- 
vous targets  in  the  Gemini  program  has  been  rejected  by 

NASA  in  its  current  program  re-evaluation.  Reason: 
space  agency  officials  regarded  the  solution  as  too 
complex. 

Battalions  to  Get  Davy  Crocketts 
Under  the  current  Army  reorganization,  each  battalion 

will  be  equipped  with  three  Davy  Crockett  nuclear 
weapons  and  three  ENTAC  antitank  missile  squads. 

INDUSTRY 

Pentagon  Statement  Is  Shocker 

Industry  officials  are  shocked  by  the  vehemence  of 
the  Pentagon  statement  attacking  Lockheed  Aircraft  Corp. 
for  its  refusal  to  knuckle  under  to  demands  for  a  union 
shop  vote.  The  threat  to  shift  programs  elsewhere  and 
to  place  the  blame  for  any  strike  directly  on  management 
is  unequalled  in  DOD-industry  relations. 

Site  Sought  for  RIFT 

The  government-owned  Michoud  plant  near  New 
Orleans  has  been  ruled  out  as  a  site  for  manufacture  of 
the  RIFT  nuclear  rocket  stage.  Most  likely:  a  West  Coast 
location  although  an  area  near  Michoud  still  is  under 
consideration.  Decision  is  being  left  to  Lockheed  by 
NASA.  Incidentally,  Boeing  and  Chrysler,  both  engaged 
in  Saturn  booster  manufacture  at  the  Michoud  plant,  are 
planning  additional  facilities  there. 

INTERNATIONAL 

Soviet  ICBM  Count  Set  at  75 

Latest  estimate  by  London's  highly-regarded  Institute 
for  Strategic  Studies  places  the  number  of  Russian 
ICBM's  at  75.  Soviet  MRBM's  are  believed  to  total  700. 
The  Institute  says  a  more  accurate  second-generation 
Russian  ICBM  will  be  deployed  next  year.  It  also  credits 
the  Soviet  missiles  with  the  ability  to  carry  larger  nuclear 
warheads  than  their  U.S.  counterparts. 

More  Soviet  Missiles  in  Cuba? 

Reports  from  the  Pentagon  say  Soviet  nuclear  ground- 
to-ground  missiles  with  a  25-mi.  range  have  been  spotted 
in  Cuba.  These  tactical  weapons  can  be  regarded  as 
defensive  but  offer  a  threat  to  the  Guantanamo  base. 

Germans  Plan  Space  Science  Program 

Germany's  Aerospace  Industries  Assn.  has  outlined  a 
four-year  $233-million  space  sciences  program  aimed  at 
making  that  nation  a  leader  in  the  space  field.  Some  $46 
million  would  be  spent  for  research,  with  $187  million 

going  to  German  industry  in  the  form  of  hardware  con- 
tracts. Government  sources  regard  the  plan  as  too ambitious. 

British  Device  Built  for  Ranger 

A  neutron  generator  the  size  of  a  teacup  has  been 
developed  by  Plessey  Co.,  Vicarage  Lane,  Ilford,  Essex, 
England,  for  the  Ranger  VI  Moon  probe.  It  will  be  used 
to  analyze  the  lunar  surface.  Advantage  over  similar  U.S. 
equipment:  it  produces  a  beam  of  neutrons  rather  than 
emitting  them  in  all  directions.  The  device  is  capable  of 
detecting  57  elements. 
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TARGET  INSTINCT... 

Eclipse-Pioneer  advanced  inertial  guidance  systems  give 
missiles,  boosters  and  space  vehicles  unerring  "target 
instinct"  whatever  the  mission.  Proof? 
Take  the  Pershing,  Army's  "shoot  and  scoot"  missile. 

Flight  tests  have  demonstrated  the  flawless  accuracy  of  the 
inertial  guidance  system— built  by  E-P— which  utilizes  our 
ultra-sensitive  air-bearing  gyros  and  accelerometers.  Per- 

formance has  continually  exceeded  project  specifications. 
And  production  has  been  consistently  ahead  of  schedule. 

Take  the  Saturn  C-l,  NASA's  super-rocket  earmarked  for 
manned  space  flight.  E-P  has  been  selected  to  build  the 
highly  complex  guidance  platform  because  of  our  knowledge 
in  space  age  techniques  and  our  proven  success  on  the 
Pershing  missile. 
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BUILT  IN! 

Inventiveness,  imagination  and  experience  play  key  roles 
in  Eclipse-Pioneer's  ability  to  solve  the  difficult  and  compli- 

cated problems  associated  with  the  science  of  inertial 
guidance.  When  it  comes  to  state-of-the-art  in  manufacturing 
techniques,  E-P  takes  the  lead.  For  example,  tolerances  of 
10  millionths  of  an  inch  and  one  second  of  arc  are  constantly 
maintained  in  our  own  Beryllium  production  machining 

facility.  From  initial  design  to  complete  system  manufacture 
and  test,  our  facilities  and  capabilities  are  backed  by  over 

forty  years'  experience  in  developing  and  producing  the 
world's  most  advanced  systems  for  flight  control  and 
airborne  navigation. 

Our  technical  sales  staff  invites  discussion  of  your  guidance 
and  control  requirements.  Call  us  at  Teterboro,  N.  J. 

Eclipse-Pioneer  Division 

WHERE  IDEAS 

UNLOCK 
THE  FUTURE 



The  Missile /Space  Week 

Next  Saturn  Shot  Still  Due  in  Spring 

SATURN  SA-3  shown  at  liftoff  Nov.  16.  It  was  the  vehicle's  third  straight  success. 

Cape  Canaveral — A  letter-per- 
fect flight  by  the  third  C-l  Saturn 

on  Nov.  16  is  not  expected  to  sub- 
stantially speed  up  the  rocket's  test or  development  program. 

Marshall  Space  Flight  Center  of- 
ficials said  at  a  post-flight  press  con- 

ference the  fourth  Saturn  will  not  be 
launched  until  next  spring — despite 
the  fact  it  probably  could  be  sched- 

uled for  an  earlier  date. 
Dr.  Wernher  von  Braun,  MSFC 

director,  said  SA-3  moved  more 
smoothly  through  assembly,  quality 
control,  shipment  to  Cape  Canaveral 
and  final  prelaunch  checkouts  than 
the  two  earlier  Saturns. 

"There  was  a  slack  in  the  sched- 
ule which  will  not  be  needed  in  the 

future,"  Von  Braun  said. 
He  added  that  the  shortened  time 

for  preparing  Saturn  test  vehicles 
could  not  speed  the  program  because 
the  Block  II  vehicles  are  not  ready 
for  testing. 

Von  Braun  said  the  Douglas-built 
S-IV  second  stage  of  the  Block  II 
vehicles  is  a  "bottleneck"  in  the 
Saturn  project.  He  quickly  added 
that  he  used  the  term  "bottleneck" 
to  mean  the  next  step  in  engineering 
development  of  Saturn  components 
— not  a  slowdown  in  the  program. 

•  Five  hundred  tons  plus — The 
SA-3  vehicle  went  through  a  routine 
and  uneventful  10-hour  countdown, 
but  missed  its  scheduled  noon  launch 
time  by  45  minutes. 

The  delay  was  caused  by  a  defec- 
tive generator  in  the  ground-support 

equipment.  The  repair  itself  was 
rapid,  but  most  of  the  lost  time  was 
consumed  in  removing  and  replacing 
a  protective  cover  of  sandbags. 

The  vehicle,  largest  ever  launched 
in  the  United  States,  weighed  1,102,- 
000  lbs.  before  ignition  and  1,086,000 
lbs.  at  liftoff. 

The  huge  weight  included  750,000 
lbs.  of  propellant  kerosene  and  liquid 
oxygen,  130,000  lbs.  more  than  the 
fuel  carried  on  SA-1  and  SA-2 

Robert  Lindstrom,  C-l  project 
officer  at  Marshall,  said  in  a  preflight 
briefing  the  620,000-lb.  loads  on  the 
first  two  Saturn  launches  permitted 
flight  profiles  closely  simulating 
those  of  the  Block  II  Saturn  vehicles. 

The  vast  amount  of  fuel  carried 

by  SA-3  simulated  the  load  of  the 
later  C-l  vehicles,  which  will  be 
equipped  with  larger  engines  gen- 

erating 188,000  lbs.  of  thrust. 
SA-3  lifted  very  slowly  from  the 

pad  and  traveled  only  300  feet  dur- 
ing the  first  10  seconds  of  flight.  All 

eight  of  the  165,000-pound  thrust 
engines  performed  as  programed. 
The  four  inboard  engines  cut  off  at 
141  sec.  and  the  four  outboard  en- 

gines burned  out  eight  sec.  later. 
Four  retro-rockets  were  test- 

fired  on  schedule  at  152  seconds,  but 
MSFC  spokesmen  said  they  had  lit- 

tle effect  on  the  flight  because  their 
mission  is  to  slow  a  detached  and 
empty  first  stage.  No  attempt  was 
made  to  separate  the  empty  first 
stage  of  SA-3  from  the  heavy  upper 
portions  of  the  rocket. 

The  rocket  coasted  to  104  miles 
altitude  where  it  was  destroyed  by  a 
primacord  blast  at  292  seconds.  The 
explosion  ripped  the  upper  stage 
tanks  apart  and  released  95  tons  of 
water  ballast  into  the  rarified  atmo- 

sphere, forming  a  huge  ice  cloud. 
The  ice  cloud  behavior  was  re- 

corded by  cameras  and  radar  lo- 
cated in  circling  aircraft,  on  several 

islands  in  or  near  the  Atlantic  Mis- 
sile Range,  and  at  Cape  Canaveral 

and  Daytona  Beach.  The  study  was 
performed  as  part  of  the  Office  of 
Space  Sciences'  Project  High  Water. The  first  such  study  was  made  on 
SA-2  when  water  was  released  at  an 
altitude  of  65  mi. 

Weather  shields,  believed  to  be 
the  cause  of  the  Centaur  I  failure, 
were  test-flown  on  an  upper-stage 
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HOW  TO 

MAP 

THE  MOON 

An  electronic  imaging  system  designed  by  Fair  child  can 
survey  the  lunar  surface  with  resolutions  up  to  one  meter. 
Charts  of  this  precision  can  help  our  first  moon  explorers  locate 
themselves  with  pinpoint  accuracy.  But  how  to  make  them?  Fairchild 
studied  the  problem  in  depth,  designed  a  system  that  can  acquire 
terrain  data  from  a  lunar  satellite,  receive  and  process  the  data  on 
earth,  then  convert  it  to  highly  detailed  maps.  The  system  can  also 
provide  high  resolution  photos  of  potential  landing  sites. 

Advanced  systems  like  this  illustrate  Fairchild's  unique  combina- 
tion of  capabilities  in  electronics,  photography  and  in  cartographic 

and  data  processing  technologies.  Other  examples  are  outlined  in 
a  brochure,  "Facilities  and  Ca- 

pabilities—an Eye  to  the  Future." For  your  copy,  write  Dept.  63, 
750BloomfieldAve.,Clifton,N.J. 

DEFENSE  PRODUCTS  DIVISION 
SYOSSET,  N  .  Y.  /  C  LI  FTO  N  ,  N.J. 
LOS  ANGELES,  CAL./PALO  ALTO,  CAL. 
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How  you  can  avoid  three 

costly  mistakes  in  the 

selection  of  a  scientific 

or  engineering  computer 

And  the  one  sure  way 

to  find  the  computer  that  suits  you  best 

Selecting  a  computer  can  be  one  of  the  most  important  decisions  an  execu- 
tive can  make.  Almost  any  computer  can  reduce  costs  by  solving  problems, 

and  saving  time,  but  some  are  far  more  efficient  than  others. 
This  then  should  lead  to  a  careful  study  of  available  computers.  And  the 

study  must  avoid  becoming  overconcerned  with  "nuts  and  bolts"  and  con- centrate instead  on  overall  suitability  and  purpose. 
Basically,  the  decision  has  to  depend  on  finding  the  computer  that  best 

serves  your  needs.  The  Recomp®  line  of  solid-state  scientific  and  engineer- 
ing computers  has  been  found  ideal  for  many  leading  companies.  Perhaps  it 

could  best  meet  your  needs.  The  following  common  mistakes  may  offer  some 
guidance  in  your  choice. 

(1)  "Get  the  cheapest  computer" 
Just  as  there  is  no  such  thing  as  a  cheap  pair  of  shoes,  there  is  no  "cheap" computer.  Scientific  problem-solving  computers  sell  from  $40,000  and  up. 

They  lease  from  $1,000  and  up  a  month.  But,  much  more  important  than 
initial  cost  is  how  much  a  computer  will  save  you  over  a  period  of  time. 

A  computer  feasibility  study  showed  that  a  Recomp  computer  could  save 
almost  $70,000  more  than  a  lower-priced  competitor  in  a  year  on  a  given 
project.  In  addition,  Recomp  offers  a  broad  price  range.  The  Recomp  III 
computer  is  ideal  for  small-scale  needs.  And  you  can  lease  one  for  $1,495, 
complete.  For  medium-scale  needs,  Recomp  II  starts  at  $2,495.  A  complete 
line  of  peripheral  equipment  is  available  for  both  computers. 

(2)  "Buy  the  fastest  one" Naturally,  speed  is  important.  But  computer  operating  speed  is  just  a 
small  part  of  the  story.  Save  a  few  microseconds  here  and  there  and  you 
haven't  saved  much.  More  important  is  total  problem  solving  time. The  Recomp  line  of  small  and  medium  scale  computers  mark  their  savings 
in  terms  of  hours ...  not  microseconds.  Recomp  computers  can  save  hours 
in  problem  solving  time  because  they're  simple  to  program,  easy  to  operate, and  have  an  exceptionally  large  memory. 

(3)  "Hire  specialized  computer  personnel" 
Not  always  necessary.  Some  computers  do  demand  specialized  program- 

ming personnel  to  operate  them.  However,  others  are  so  simple  to  use  that 
engineers  can  program  their  problems  directly.  This  ease  of  programming 
saves  time  and  increases  computer  use. 

One  of  the  easiest  computers  to  program  and  operate  is  Recomp.  Engi- 
neers with  less  than  eight  hours  instruction  are  able  to  use  Recomp  com- 
puters profitably. 

The  one  sure  way  to  select  a  computer 
The  computer  requirements  of  every  company  are  unique.  The  best  way 

to  find  the  computer  that  fits  your  own  specialized  requirements  — without 
making  costly  mistakes— is  through  a  computer  feasibility  study.  This  is 
the  only  way  to  know  exactly  what  computer  suits  you  and  your  com- 

pany best. 
Put  Recomp  side  by  side  with  any  comparable  computer  on  the  market. 

Let  the  facts  speak  for  themselves.  You'll  see  why  no  computer  feasibility study  is  complete  without  Recomp. 
We'll  be  glad  to  help  you  get  the  facts.  Write  today  for  a  "Management 

Guide  to  a  Computer  Feasibility  Study." 
Recomp 

Recomp  is  a  product  of  Autonetics  Industrial  Products 
Autonetics  is  a  Division  of  North  American  Aviation 

Recomp 
Dept.  811,  3400  East  70th  St..  Long  Beach,  California 
Please  send  me  a  "Management  Guide  to  a  Computer  Feasibility  Study." 
NAME  
POSITION  
COMPANY  
ADDRESS  
CITY  ZONE  STATE  

casing  of  SA-3.  A  total  of  11  pres- 
sure measurements  were  made  to 

furnish  information  for  Centaur  de- 
sign engineers. 

The  launch  also  permitted  a  test 
of  the  swing-arm  umbilical  connec- 

tion with  the  upper  portion  of  the 
first  stage  and  verification  of  the 
umbilical  tower  design.  SA-3  was  the 
first  launch  from  Complex  34  since 
the  umbilical  mast  was  installed. 

The  umbilical  was  not  used  in 
connection  with  the  launch,  and  it 
was  disconnected  at  T— 25  seconds. 
The  umbilical  connection  used  was 
in  the  pedestal,  and  contact  was 
broken  with  motion  of  the  booster. 

•  Future  changes  —  A  similar 
test  flight  is  planned  for  next  spring 
with  SA-If.  Principal  change  in  the 
flight  profile  will  occur  when  one  of 
the  eight  engines  is  deliberately  cut 
off  while  Saturn  is  airborne.  SA-Jf 
also  will  have  an  external  configura- 

tion closely  simulating  the  SA-5  ve- 
hicle, with  the  exception  of  the  Block 

II  stabilizing  fins. 

The  SA-5  flight,  first  of  the 
Block  II  C-l  Saturns,  will  come  in 
the  fall  of  1963  and  another  will  be 
scheduled  before  the  end  of  the  year. 
The  SA-6  flight,  first  to  use  the  ST- 
124  platform  for  guidance,  will  not 
be  moved  forward  even  though 
Pad  B  of  Complex  37  will  be  ready 
next  summer  to  accept  the  Block  II 
vehicles  and  Complex  34  is  rapidly 
being  modified  to  perform  a  similar mission. 

Von  Braun  said  the  S-IV  stage, 
which  will  make  its  first  "live"  flight 
on  SA-5,  is  to  be  given  structural 
tests  at  Marshall  in  the  next  few 
months.  These  will  include  tests  for 
vibration,  bending  and  harmonics. 
The  S-IV  without  engines  was  re- 

cently shipped  from  the  Douglas 
plant  to  Huntsville. 

He  also  said  development  of  Cen- 
taur has  no  bearing  on  progress  of 

the  S-IV,  which  has  made  several 
full-duration  tests  at  full  thrust.  He 
said  the  only  thing  S-IV  and  Centaur 
have  in  common  is  the  liquid-hydro- 

gen engine  "and  liquid-hydrogen 
technology  is  no  longer  a  problem." 

D.  Brainerd  Holmes,  director  of 
NASA's  Office  of  Manned  Space 
Flight,  said  complete  success  of  the 
first  eight  Saturn  flights  might  bring 
consideration  of  moving  the  manned 
Apollo  flights  forward,  but  he  added 
such  a  mission  is  "unlikely  before 
the  11th  Saturn." Portions  of  the  engineering  data 
acquired  from  712  channels  of  telem- 

etry will  be  used  in  design  of  the 
C-1B  Saturn,  which  is  due  for  its 
first  test  flight  in  1965. 
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Shots  of  the  Week 

The  Army  Pershing  missile 
chalked  up  its  36th  successful  launch 
last  week,  but  the  Navy's  advanced 
Polaris  A-3  missile  failed  for  the  fifth 
straight  time. 

The  150-mile  Pershing  fired  Nov. 
15  was  a  test  of  tactical  procedures 
that  will  be  used  to  fire  the  missile. 

The  launch  utilized  tactical  pro- 
cedures developed  for  helicopter  type 

deployment  of  the  missile. 
In  demonstrating  the  versatility 

of  the  Pershing,  sections  were  pulled 
from  shipping  containers  and  mated 
using  only  standard  Army  tactical 
equipment.  No  gantry  or  service 
tower  was  used  to  prepare  the  mis- 

sile for  firing. 
The  Nov.  17  Polaris  flight  failed 

when  the  rocket's  second  stage 
veered  off  course  and  had  to  be  de- 

stroyed. The  destruct  button  was 
pushed  77  seconds  after  the  mis- 

sile was  launched  successfully  and 
shortly  after  first  stage  separation. 

The  A-3  will  eventually  have  a 
range  of  2900  miles,  compared  to 
1375  miles  or  the  A-l  and  1725  for 
the  A-2. 

In  another  major  launch,  NASA's 
massive  Saturn  C-l  booster  made  its 
third  straight  successful  flight  in 
three  attempts  (see  story  p.  12). 

In  other  launches: 
•  The  first  joint  U.S. /Australian 

sounding  rocket  venture  failed  Nov. 
15  when  a  malfunction  in  the  launch 
vehicle  occurred  38  seconds  after 
launch  at  Wallops  Island.  A  second 
launch  will  be  attempted  in  Decem- 
ber. 

•  The  Air  Force  launched  the 

19th  in  its  series  of  "Firefly"  high- 
altitude  probes.  The  33-ft.  Aerobee 
150  rocket  made  the  successful 
launch  from  its  test  site  at  Eglin  Air 
Force  Base,  Fla. 

•  The  latest  of  30  firings  of  At- 
lantic Research  Corp.  Areas  rockets 

in  Antarctica  was  made  successfully 
by  the  National  Science  Foundation. 
During  the  current  series  60  of  the 
rockets  will  be  launched  to  200,000 
ft. 

•  Minuteman  scored  a  success 
in  a  Nov.  19  launch  from  a  silo  at 

Cape  Canaveral.  The  Air  Force's  "in- 
stant ICBM"  went  3500  miles,  drop- 
ping a  dummy  warhead  into  the 

South  Atlantic  some  30  minutes  after 
launch.  It  was  the  first  test  for  the 
54-ft.  Boeing  missile  since  one  went 
astray  in  a  spectacular  explosion  Oct. 
17  at  the  Cape. 

NASA  Fills  DOD-Liaison  Post 
The  space  agency  has  set  up  a 

new  office  to  improve  NASA-DOD  co- 
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THE  TURBO-SLOT  FAMILY 

OF  VANEAXIAL  BLOWERS 

FOR  NEW  LEVELS  OF  QUIETNESS,  LIGHTNESS  AND  PERFORMANCE* 

Increasingly,  Electric  Boat  Turbo-Slot  Vaneaxial  Blowers  are 
providing  a  lighter,  quieter,  more  compact  source  of  cooling  for 
missiles,  aircraft,  ground  support  equipment  and  electronic 
systems.  A  wide  selection  of  custom  and  standard  units  are  now 

available,  operating  on  DC  or  60-  and  400-cycle  AC  power.  For 
details,  write  or  call  General  Dynamics/Electric  Boat,  Blower 

Department,  Grotonj  Connecticut,  Hilltop  5-4321, Ext.1933or1 106. 
*The  advanced  aerodynamic  blade  design  of  EB  vaneaxial  blowers  gives  a 
choice  of  benefits:  increased  performance  for  the  same  size  and  weight  as 
conventional  vaneaxials;  the  same  performance  at  lower  speeds  with  less 
airborne  noise  and  structural  vibration  plus  longer  maintenance-free  bearing 
life;  the  same  performance  with  smaller,  lighter  units;  or  a  balanced  com- 

bination of  these  benefits. 
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...THE  WORLD'S  LARGEST,  MOST  ACCURATE 
ACCELERATION  TEST  EQ  U  I  P  M  E  N  T  .  .  .  B  Y  GENISCO! 

Genisco,  Inc.,  has  developed  the  most  advanced  and  sophisti- 
cated test  machine  of  its  size  ever  designed.  This  giant 

centrifuge,  88  feet  in  diameter,  is  now  being  fabricated  at 
Genisco's  Los  Angeles  plant  for  installation  at  the  Holloman 
Air  Force  Base  in  New  Mexico.  Watch-like  in  precision, 
yet  capable  of  controlled  acceleration  up  to  100  G's,  it  will 

calibrate  advanced  guidance  systems  of  inter-planetary  space 
vehicles,  still  in  the  laboratories,  to  within  an  accuracy  of 
three  parts  in  a  million  and  thereby  supply  an  important 
key  to  safe  space  travel.  Genisco  is  the  undisputed  leader 
in  the  development  of  advanced  precision  acceleration  test 
equipment.  For  additional  information,  write  for  data  file 
MR-1991-1. 

THE  ELECTRONICALLY  CONTROLLED  460 
SERIES,  which  offers  new  levels  of  reliability 
and  accuracy  in  predicting  ballistic  and  satellite 
trajectories,  is  used  in  the  nation's  major  space 
programs.  It  is  fast  becoming  the  military's 
standard  of  accuracy  in  research  and  develop- 

ment, product  testing,  etc.,  on  inertial  guidance 
systems.  The  acceleration  test  equipment  fea- 

tures a  turret  platform,  an  internal  micrometer, 
and  a  dynamic  radius  comparator.  Active 
radius:  100".  Diameter:  21  feet.  Acceleration 
range:  0.25  to  25  G.  Payload:  400  lb. 

HEAVY-DUTY  1200  SERIES, 
rugged  but  precise,  is 
available  with  hydraulic  or 
electronic  controls.  Later 
models  feature  accuracy 
within  0.1%  at  any  speed 
setting  from  1  to  250  G. 
Speeds:  to  600  rpm.  Radii 
to  54".  Capacity:  150  lbs. dead  weight.  20,000  G  ibs. 

MODEL  E185  CENTRIFUGE 
has  a  range  from  1  to  100 
G  at  72"  radius  (20  to 
180  rpm)  infinitely  vari- 

able. Capacity:  300-lb.  pay- load  on  each  end  of  boom, 
or  30.000  G-lbs. 

MODEL  C181  RATE-OF TURN  TABLE.  Simplicity 
repeatability,  and  versatil ity  make  the  C181  idea 
for  accurate  production 
line  testing  and  calibra tion.  Tilts  to  any  angle 
Doubles  as  a  precise  low 
G  centrifuge.  Variable 
range,  0.01  to  1200 
degrees/sec.  Capacity:  100 lbs.  dead  weight. 

GENISCO  ELECTRONICALLY  CONTROLLED  931 
SERIES  and  other  of  its  class  present  the  most 
accurate  method  of  testing  inertial  guidance  sys- 

tems in  the  G  environments  in  which  they  must 
later  function.  The  931  operates  at  any  number  of 
discrete  points  within  its  range,  while  maintaining 
a  spatially  stable  platform  for  the  test  object. 
Range:  0.5  to  20  G  (higher  available).  Radius  of 
rotation:  24".  Capacity  25  pounds,  12"  cube. Rotational  constancy  of  0.001%  of  speed  setting. 

G 
enisco 
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Why  S-A  Tracking  Antenna 

Pedestal  Systems  Offer  the  best 

PRICE/PERFORMANCE  RATIO 

operation  in  the  space  program. 
Walter  Fredrick  Boone,  a  retired 

admiral,  will  head  the  new  office  as 
Deputy  Associate  Administrator  for 
Defense  Affairs. 

Boone's  primary  job  will  be  to 
coordinate  the  flow  of  technical  and 
management  information  between 
the  two  agencies  and  to  help  achieve 
a  better  use  of  the  resources  of  both 
agencies. 

It  was  also  announced  that  Dr. 
Robert  C.  Seamans,  Jr.,  will  replace 
Deputy  Administrator  Dr.  Hugh  L. 
Dryden  on  the  Aeronautics  and 
Astronautics  Coordinating  Board. 
Boone  will  serve  as  Seamans'  alter- 

nate on  the  board. 

ARS  Meeting  Concludes 
A  spirited  debate  highlighted  the 

final  sessions  of  the  ARS  meeting  in 
Los  Angeles  last  week  with  Dr.  Har- 

old C.  Urey  of  the  University  of 
California  attacking  the  military 
role  in  space  and  Gen.  Bernard  A. 
Schriever,  commander  of  the  Air 
Force  Systems  Command,  defend- 

ing it. 
The  panel  discussion  also  in- 

cluded Rep.  George  P.  Miller  CD- 
Calif.),  chairman  of  the  House  Sci- 

ence and  Astronautics  Committee; 
Dr.  William  O.  Baker,  vice-president 
for  research  of  the  Bell  Telephone 
Laboratories  and  Dr.  H.  Guyford 
Stever,  MIT  professor  and  chairman 
of  the  AF  Scientific  Advisory  Board. 

Urey  declared  that  he  would  not 
"spend  one  effort  of  my  little  finger" 
for  weapons  in  space.  Conceding  the 
usefulness  of  reconnaissance  satel- 

lites, Urey  said  that  he  wished  "the 
military  would  take  care  of  its  knit- 

ting and  do  it  properly." 
Finally,  the  famed  scientist  re- 

called former  President  Eisenhower's 
farewell  remarks  about  the  influence, 
sought  or  unsought,  of  the  growing 
military-industrial  complex. 

In  rebuttal,  Gen.  Schriever 
pointed  out  that  the  military  must 
participate  fully  in  space  activity  to 
maintain  a  force  in  being,  particu- 

larly since  adequate  time  for  mobili- 
zation of  resources  is  a  thing  of  the 

past. 
"You  cannot  put  [the  military] 

in  a  barn  somewhere  and  then  say, 
'Now  we  need  you,  buddy — let's  go 
up  in  space,'  "  he  argued. 

Congressman  Miller  took  the  po- 
sition that  the  military  could  "pick 

up"  what  it  needs  from  the  civilian 
space  effort. 

"NASA  buys  its  rockets  to  orbit its  satellites  from  the  Air  Force, 
and  the  Air  Force  gets  this  [NASA] 
knowledge  ...  so  I  don't  see  that 

Versatility,  MIL  SPEC  compatibility, 
reliability,  state  of  the  art  manufactur- 

ing techniques,  quick  delivery,  and  full 
system  capability,  you  get  them  all 
from  Scientific-Atlanta. 

VERSATILITY.  For  antennas  up  to  30 
feet  diameter.  Scientific-Atlanta  offers 
three  basic  pedestals  with  output  torques 
from  500  to  10,000  ft.-lbs.,  velocities  to 
30°/sec,  accelerations  to  30°/sec2,  and 
accuracies  to  0.08°  static  and  ±0.05°/ 
rpm.  Multiple  mode  operation;  automa- 

tic, slave,  manual  or  pre-programmed 
tracking.  A  full  range  of  optional  extras 
and  accessory  equipment  is  available  to 
meet  virtually  any  operational  require- 
ment. 

MIL  SPEC  COMPATIBILITY.  Scientif- 
ic-Atlanta pedestals  are  designed  to 

operate  under  MIL  SPEC  environmen- 
tal and  RFI  conditions. 

RELIABILITY.  Scientific-Atlanta  ped- 
estal systems  use  solid  state  servos, 

printed  circuit  dc  motors  for  long  life 
and  quick  response,  large  parallel 
mounting  surfaces  for  adaptability  plus 
rigidity  of  antenna  mounting,  fail-safe 
brakes,  electrical  and  mechanical  limit 
stops. 
MANUFACTURING.  Assembly  of 
tracking  pedestals  from  standardized 
modules  allows  Scientific-Atlanta  to 
meet  a  wide  variety  of  customer  require- 

ments and  pass  along  the  cost  benefits 
of  mass  production. 
QUICK  DELIVERY.  Most  TPS  units 
are  available  6  to  8  weeks  ARO. 

SYSTEM  CAPABILITY.  Scientific- 
Atlanta  offers  its  customers  a  unique 
and  proven  capability  to  provide  com- 

plete telemetry  tracking  systems,  spe- 
cial antenna  systems,  and  servo-control 

systems. 
FOR  MORE  INFORMATION,  please  address  Scientific- 
Atlanta.  Inc.,  P.O.  Box  13654,  Atlanta  24,  Georgia, 
phone:  (404)  938-2930. 

SCIENTIFIC-ATLANTA,  INC. 
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TARGET:  Brakes  for  Space 

There  are  no  roads  in  the  Aether.  At 

space  speeds,  friction  is  a  fiery  furnace 

with  no  gentle  slowing  down.  Courses 

can  be  prefixed  with  accuracy.  But  how 

doyou  stop  on  nothing?Brakes  for  Space 

are  a  natural  for  Hercules.  The  produc- 

tion of  controllable  concentrated  energy 

in  high-performance  packages  of  any 

size  or  shape . . .  precise  in  action  to  small 

fractions  of  one  per  cent ...  is  inherent 

in  Hercules  two-billion-pound  double- 

base  propellant  experience. .  Mt 
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22  YEARS'  EXPERIENCE 
Since  1940,  Hercules  has 
accumulated  over  two  billion 

pounds  of  double-base  pro- 
pellant  experience,  including 
boosters  for  Nike  . . .  Ajax  . . . 
Talos  .  .  .  Terrier  .  .  .  Honest 
John . . .  Little  John. 

ORIGINALYSIS  AT  WORK 

With  the  higher  mass  ratios 
and  greater  controlled  energy 
possible  with  Spiralloy®  glass 
filament-wound  structures, 
Hercules  double-base  pro- 
pellants  reached  still  further 

into  space... with  Vanguard's 
final  stage ...  Minuteman's 
third  stage... Polaris'  second 
stage . . .  Antares . . .  Altair.  Co- 

efficient of  accuracy— greater 
than  0.9975! 

FIRST  IN  RETRO-ROCKETS 
Hercules  was  selected  for 

Ranger's  retro-rocket ...  a 
power  package  capable  of 
removing  some  7,000  fps  of 
terminal  velocity.  A  double- 
base  propellant  motor,  de- 

signed and  produced  by 

Hercules,  permits  Ranger's 
capsule  to  land  with  precisely 
controlled  velocity  which  the 
capsule  can  easily  absorb.  An 
integrally-wound  Spiralloy 
case,  also  designed  and  pro- 

duced by  Hercules,  sends 
Ranger's  retro-rocket  up  in  a 
package  whose  net  weight  is 
15  pounds. 

HERCULES  CAN  DO! 

Brakes  or  boosters  of  any 
size,  Hercules  believes  that 
its  concepts  and  capabilities 
offer  the  most  expeditious 
and  economical  route  to 

anywhere  in  space.  For  docu- 
mentation, write  Chemical 

Propulsion  Division,  Hercules 
Powder  Company,  910  Market 
Street,  Wilmington  99,  Del. 

HER) ES 

FIRST  IN  CHEMICAL  PROPULSION 
XP62-3 

we  are  neglecting  the  military,"  Mil- ler said. 
Pointing  out  that  the  military 

has  developed  many  aircraft  that 
have  no  civilian  use,  Schriever  pre- 

dicted that  future  military  space 
systems  will  bear  little  resemblance 
to  NASA  deep-space  exploration 
spacecraft.  Present  military  space 
programs  are  getting  enough  sup- 

port, he  said,  but  noted  that  the  five- 
year  AF  space  program  has  not  yet 
been  evaluated  by  DOD. 

"I  don't  know  whether  I'll  be 

happy  or  unhappy  in  the  future," he  commented. 
•  Meanwhile,  Secretary  of  the 

Air  Force  Eugene  Zuckert  and  SSD's 
Titan-Ill  Program  Director,  Col. 
Joseph  S.  Bleymaier,  revealed  that 
Dec.  1  is  the  "go-ahead"  date  for 
development  of  the  standardized 
space  booster. 

Contracts  are  being  signed  with 
United  Technology  Corp.,  Martin  Co. 
and  Aerojet-General  Corp.  for  the 
Titan  III  segmented  solid  booster 
motors,  the  liquid-fueled  first,  second 
and  third  stages  of  the  core  vehicles, 
the  airframe,  control  module  and 
systems  integration,  Zuckert  re- 

vealed. All  the  contracts,  he  said,  are 
cost-plus-incentive  fee,  and  all  sub- 

sequent contracts  will  be  of  the  same 

type. Col.  Bleymaier  outlined  four  tech- 
nical challenges  facing  the  AF-in- 

dustry  team,  terming  quality  as- 
surance "to  a  greater  degree  than 

heretofore  demanded"  as  primary. This  is  most  critical  to  the  solid 
booster  contractor,  he  said,  since  sig- 

nificant motor-to-motor  deviations 
cannot  be  permitted. 

With  no  method  of  in-flight  thrust 
variation,  the  AF  is  asking  guaran- 

teed production  and  delivery  of  solid 
engines — in  pairs,  at  least — with 
thrust  variations  no  greater  than 
one  percent. 

A  second  challenge  is  develop- 
ment of  a  malfunction-detection  sys- 
tem and  a  consequent  immediate 

and  effective  thrust  termination  in 
the  solid  boosters.  Unlike  the  Atlas- 
Mercury  system,  Bleymaier  said,  the 
abort-sensing  and  implementation 
system  in  both  the  X-20  and  Gemini 
systems  will  depend  on  pilot  judg- 

ment to  a  great  extent. 
Perfection  of  a  multiple  start- 

and-stop  capability  for  the  Titan  III 
transtage  propulsion  is  the  third 
challenge,  Bleymaier  noted,  while 
the  specially  designed  integrated- 
launch-transfer  facility  for  the  Titan 
III  will  present  the  fourth  develop- 

ment challenge. 
Turning  to  the  transtage  of  the 

Titan  III,  Bleymaier  said  that  this 
would  be  a  "switch  engine"  between 
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the  third  stage  of  the  core  and  the 
payload.  It  could  place  a  payload 
into  a  parking  orbit,  and  later,  with 
a  second  firing,  inject  it  into  another 
orbit  or  trajectory. 

After  a  transfer  task,  the  tran- 
stage can  remain  connected  to  the 

payload,  and  with  multiple  re-start 
capability  be  used  to  maneuver 
payloads,  add  velocity  increments, 
change  velocity  vector  or  provide 
retro-thrust — giving  it  a  great  po- 

tential for  manned  space  missions. 
It  will  also  be  possible,  he  said,  to 
launch  a  manned  vehicle  from  Cape 
Canaveral  into  an  orbit  with  an  in- 

clination of  perhaps  50°,  and  then 
with  the  transtage  re-orient  the  ve- 

hicle sufficiently  to  place  it  in  polar 
orbit. 

•  Dr.  Hugh  L.  Dryden,  Deputy 
NASA  Administrator,  said  three  pos- 

sibilities are  being  studied  as  follow- 
on  programs  to  Apollo:  further  lunar 
exploration  beyond  early  Apollo  ob- 

jectives, establishment  of  a  large 
manned  orbiting  laboratory  or 
manned  missions  to  Mars  and  Venus. 
All  three  are  currently  under  inten- 

sive study,  Dryden  said,  and  the 
final  decision  probably  will  not  be 
made  for  about  two  years. 

Admitting  that  he  and  many 
other  space  planners  favor  the  orbit- 

ing laboratory,  Dryden  pointed  out 
that  "the  main  reason  that  this  proj- 

ect was  not  selected  over  Apollo  in 
the  first  place  was  that  it  was  felt 
we  had  a  better  chance  of  matching 

or  bettering  Russia  in  a  lunar  race." 
Although  the  orbiting  lab  could 

become  available  about  the  same  time 
that  Apollo  is  achieving  its  objec- 

tive, money  for  the  project  cannot  be 
made  available  in  the  next  two  years 
without  exceeding  budget  schedules. 

A  determination  of  just  when  it 
should  be  introduced  into  the  space 

program  "must  wait  until  after 
Apollo  expenditures  have  peaked 
next  year,"  Dryden  said.  Military 
consideration,  he  indicated,  will  enter 
into  the  decision. 

Army  Cancels  AN/USD-5 
In  a  surprise  move  last  week, 

the  Army  cancelled  the  high-speed, 
jet-powered  AN/USD-5  surveillance 
drone  under  development  by  the 
Fairchild  Stratos  Corp. 

While  the  drone  was  technically 
feasible,  the  Army  explained,  it 
would  cost  too  much  for  quantity 
procurement  to  provide  an  effective 
capability.  Termination  of  the  pro- 

gram is  expected  to  save  $30  million 
in  development  costs,  the  Army 
said. 

The  surveillance  mission  orig- 
inally  contemplated   for   the  AN/ 
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DEVELOPMENT 

An  organization  keyed  to  the  pace  and 
requirements  of  space  science  and 
engineering. 

The  efforts  of  this  organization  are  directed 
toward  the  creation  of  new  concepts  and 
techniques  in  the  rapidly  advancing  areas 
of  space  technology.  Current  programs 
include  the  design  and  development  of 
X-ray  analysis  instrumentation  for  the 
PROJECT  SURVEYOR  lunar  mission. 

PSD's  background  and 
capabilities  include . . . 
•  Electronic  Design 

•  Analytical  Instrumentation 
•  Feasibility  Studies 
•  Environmental  Testing 
•  Life  Sciences 
•  Mechanical  Design 

•  Space  Simulation 
•  Radiation  Effects 

/\forelco' 

PHILIPS 
ELECTRONIC  INSTRUMENTS 

A  Division  of  Philips  Electronics  and  Pharmaceutical  Industries  Corp. 
900  South  Columbus  Avenue,  Mount  Vernon,  New  York 
Area  Code  914,  MOunt Vernon  4-4500  .  TWX  MO-NY  4554 
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AUTOCOLLIMATION 
with 

KERN  DKM2  and  DKM3 

THEODOLITES 

MAXIMUM 

POINTING  ACCURACY 

MAXIMUM 

READING  ACCURACY 

TOP  EFFICIENCY 

IN 

OPTICAL 

TOOLING 

KERN  INSTRUMENTS,  INC. 
FUNDAMENTAL  SURVEYING  EQUIPMENT 

111  BOWMAN  AVENUE.  PORT  CHESTER,  N.  Y. 

USDS  will  continue  to  be  performed 
by  the  Mohawk  aircraft  and  the  AN/ 
USD-2  drone — the  latter,  a  shorter 
range,  lower-performance  system  de- 

veloped by  Aerojet-General  Corp. 

Project  Fire  Work  to  GD 
General  Dynamics/ Astronautics 

has  announced  it  will  do  systems  in- 
tegration for  NASA's  Project  Fire 

high-speed  re-entry  program  under 
a  contract  GD  has  to  supply  Atlas 
launch  vehicles  for  the  program. 

In  Project  Fire,  two  spacecraft 
will  be  launched  separately  late  in 
1963  from  Cape  Canaveral  on  ballis- 

tic trajectories  some  5200  miles  over 
the  Atlantic  Missile  Range. 

They  will  undergo  accelerated  re- 
entry into  the  Earth's  atmosphere  at more  than  25,000  mph. 

Re-entry  velocity  of  25,000  mph 
will  duplicate  conditions  at  which  a 
spacecraft  would  return  from  the 
Moon  without  any  means  of  retro- 
firing  rockets.  Data  obtained  during 
re-entry  will  be  used  to  determine 
total  heat  transfer,  hot-air  radiance, 
materials  response  and  radio  black- out effect. 

Each  of  the  two  systems  to  be 
launched  will  include,  besides  the 
Atlas  Series  D  launch  vehicle,  a 
velocity  package  built  by  Chance 
Vought  Corp.  and  a  re-entry  vehicle 
built  by  Republic  Aviation  Corp. 

After  the  Atlas  has  achieved  the 
desired  trajectory,  its  retro-rockets 
will  ignite  and  the  remainder  of  the 
system  will  continue  in  free  flight 
downrange.  Before  re-entry,  an  180- 
rpm  spin  will  be  imparted  to  the 
velocity  package/re-entry  vehicle  to 
give  it  added  stability  during  rocket 
engine  burn. 

The  guidance  package  will  be 
separated  and  the  velocity  package 
will  be  ignited  to  drive  the  250-lb. 
blunt  shaped  re-entry  package  down 
into  the  atmosphere  at  Moon-to- 
Earth  velocity.  The  velocity  package 
incorporates  an  Allegany  Ballistic 
Laboratory  Antares  II  A  rocket.  It 
is  11  ft.  long  and  30  in.  in  diameter. 

When  the  velocity  package  burns 
out,  the  re-entry  package  will  sep- 

arate. During  re-entry,  data  will  be 
telemetered  to  ground  stations  of 
the  Atlantic  Missile  Range  on  Ascen- 

sion Island  and  ships  in  the  broad 
ocean  area.  Recovery  is  not  planned. 

General  Dynamics/ Astronautics 
will  monitor  integration  and  opera- 

tional activities  of  the  other  two 
companies  on  all  systems  and  sub- 

systems in  Project  Fire. 

Hughes  Gets  MMRBM  Award 
Hughes  Aircraft  Co.  was  selected 

last  week  by  the  Air  Force  as  the 
integration,  assembly  and  checkout 
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Use  Dynatube 
fittings  with 
rigid  tube  or flexible  hose 

The  Dynatube®  fitting  employs  a  new  concept  which  assures 
freedom  from  leakage  in  high  performance  systems  handling 
the  most  difficult  mediums,  such  as  hot  gas  or  helium.  There 
are  only  two  parts  —  shoulder  and  nut.  The  self -energizing 
seal  is  integral  with  the  shoulder.  Dynatube  uses  no  rings, 
nothing  extra  to  work  loose,  get  lost  or  leak.  It  is  the  light- 

est, most  compact  fitting  available  for  high  performance 
applications.  If  Method  of  attachment  of  Dynatube  fittings 
may  be  in  accordance  with  your  specifications.  If  Dynatube 

fittings  deserve  your  careful  investigation.        -j-y  -p^  o  T  O  rp/^v  T71  y  T7  "V Ask  your  Resistoflex  field  engineer  for  more        K  Vj  ulo  1  V_7  _T  JLj  JlIi  J\_ 

information  or  write  Resistoflex  Corpora-      J^J^F"  T ,\  "V tion,  Roseland,  N.  J.,  for  Bulletin  DY-1A.  JlXI  <fl  jJ.JT\.jLJ  JL  jLA.  Jl.  V. 
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Looking  for 

Total 

Explosive 

Device 

Capability 

Contact  Beckman  &  Whitley,  the 
only  company  staffed  and  equipped 
to  handle  every  aspect  of  your 
explosive  device  problem  —  from 
idea  to  hardware. 
Scientists  and  engineers  here  have 
researched,  designed,  developed, 
qualified  and  brought  into 
production  many  explosive 
actuated  devices  which  have  set 
new  performance  standards  for  the 
industry. 
In  addition  to  the  finest  equipment 
for  explosive  pressing,  casting 
and  machining,  Beckman  &  Whitley 
is  the  only  explosive  device 
manufacturer  with  both  electronic 
and  ultra-high-speed 
photoinstrumentation  for  the  study 
of  explosive  phenomena  occurring 
in  times  from  milliseconds  to 
nanoseconds.  Pressures,  velocities, 
function  times,  firing  energy  levels 
and  related  transient  processes 
are  continuously  researched  to 
develop  new  devices  that  will 
perform  specific  tasks  with 
greater  efficiency  and  reliability. 
Beckman  &  Whitley  explosive 
actuated  devices  and  systems  are 
now  reliably  at  work  on  more 
than  30  different  missiles,  on 
aircraft,  space  vehicles  and 
undersea  equipment. 
For  information  on  how  Beckman 
&  Whitley  can  assist  you,  contact 
James  Hagenbaugh,  Special 
Products  Sales  Manager. 

a  subsidiary  of  Technical  Operations,  Inc. 
SAN  CARLOS,  CALIFORNIA 
591-8241  Code  415 

contractor  for  the  program-definition 
phase  of  the  Mobile  Mid-Range  Bal- 

listic Missile  (MMRBM). 
The  selection  completed  the  con- 

tractor structure  for  the  program- 
definition  phase  and  left  only  one 
area  still  to  be  decided  if  the  pro- 

gram is  approved  for  development. 
The  command  and  control  selec- 

tion, with  Hughes  competing  against 
Martin  Co.  in  association  with  Syl- 
vania  Electronics,  Inc.,  is  being  post- 

poned because  DOD  feels  that  the 
complexity  of  the  problem  warrants 
more  than  one  contractor  during  the 
feasibility  study. 

Program  definition  phase  con- 
tractors are: 

—Integration,  assembly  and 
checkout :  Hughes. 

—Re-entry  system:  Ford  Aero- 
nutronic  in  association  with  Fair- 
child-Stratos  and  Sperry  Rand. 

—Propulsion:  Thiokol. 
—Transporter -launcher :  Good- 

year Aircraft. 
—Guidance  and  control:  General 

Precision. 
—Command  and  control:  Hughes 

and  Martin/Sylvania  Electronics. 
A  decision  to  develop  the  MMRBM 

has  not  been  made,  DOD  stressed, 
but  will  be  contingent  on  the  results 
of  the  program  definition. 

British  Contact  Mars-1 
Scientists  at  the  British  Jodrell 

Bank  observatory  established  con- 
tact for  the  first  time  with  the  Soviet 

spacecraft  Mars-1  Nov.  16.  Using 
their  250-ft.  radio  telescope,  Jodrell 
scientists  received  signals  from  the 
space  probe  for  about  an  hour.  The 
vehicle  was  reported  about  three 
million  miles  from  Earth. 

Jodrell  Bank  had  been  asked  by 
Soviet  scientists  to  search  for  the 
vehicle  and  was  furnished  the  neces- 

sary trajectory  information. 

Soviets  Boast  SAM 

Soviet  rocketmen  can  shoot  down 
airplanes  flying  higher  than  20  km. 
(12.7  mi.)  with  an  improved  surface- 
to-air  missile,  artillery  commander 
Col.  Gen.  Georgi  Kariofilli  said  in  a 
speech  before  Soviet  Artillery  Day. 

He  also  asserted  that  the  Soviet 
Union  has  developed  a  new  ICBM 
which  is  "invincible  to  anti-rocket 

defense." 
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Model  of  Grumman  Lunar  Excursion  Module 

FIRST  PHOTO  RELEASED  by  NASA  of  its  Lunar  Excursion  Module,  which  will 
land  U.S.  astronauts  on  the  Moon  by  1970.  The  module,  to  be  built  by  Grumman 
Aircraft  Engineering  Corp.,  has  five  legs.  The  bottom  section  will  be  left  behind  when 
the  top  part  leaves  the  lunar  surface  to  rendezvous  with  the  Command  Module  of  the 
Apollo  spacecraft,  which  remains  in  a  lunar  orbit  while  LEM  performs  its  mission. 
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NOW  FROM  J OHNS-MANVILLE  RESEARCH: 

THERMOMAT  383  FELT 

new  low  density  asbestos-phenolic 

molding  mat  for  efficient  thermal 

protection  of  vital  missile  parts 

•  LIGHTWEIGHT      •  GREATER  PROTECTION 

•  LESS  BULK  •  HIGH  STRENGTH 

Johns-Manville  Thermomat,  an  asbestos-phenolic  mold- 
ing mat,  creates  components  and  parts  that  withstand 

tremendous  heat  and  pressure.  J-M  Thermomat  Style 
383  was  especially  developed  to  provide  exceptionally 
lightweight  thermal  shielding  and  the  high  strength- 
to-weight  ratio  so  desirable  for  such  low  density  molded 
material. 

J-M  Thermomat  Style  383  is  composed  of  an  unbonded 
felt  containing  100%  ASTM  grade  AAAA  long,  ran- 

domly dispersed  chrysotile  asbestos  fiber  and  light- 
weight fillers,  saturated  with  a  phenolic  resin,  conform- 

ing to  military  specification  MIL-R-9299. 
Flexible  before  curing,  the  partially  dried  felt  is  con- 

formable and  allows  convenient  one-man  layups.  Ran- 
dom fiber  dispersion  provides  uniform,  maximum  rein- 

forcement to  the  cured  Thermomat.  The  unique  charac- 
teristic of  the  felt  allows  easy  working  together  of 

1 
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50       100      150      200      250      300       350     400  450 
MOLDING  PRESSURE,  P.S.I. 

joints  and  permits  free  flow  of  the  fiber  during  the 
molding  operation.  Even  in  intricate  configurations, 
non-fillouts  and  resin-rich  areas  are  reduced  to  a  mini- 

mum. Thermomat's  remarkable  draping  ability  saves 
many  man  hours  of  layup  time.  Molded  parts  can  be 
easily  machined  and  finished  into  precision  parts  with 
close  dimensional  tolerances. 

Thermomat  383,  as  delivered  in  felt  form,  is  ideally 
applicable  to  layup  and  low-pressure  vacuum  bag  mold- 

ing. However,  the  versatility  of  the  felt  makes  it  readily 
adaptable  to  pressure  laminating  and  match  die  molding 

when  properly  "B"  staged. Based  on  scientific  laboratory  tests,  Thermomat  383 
at  l/3rd  the  thickness  and  at  l/9th  the  weight  of  stand- 

ard asbestos-phenolic  molded  parts  has  the  same  thermal 
shielding  effect  at  310°F  mean  temperature. 

J-M  Thermomat  383  is  supplied  in  uncured  felts  14" 
wide,  approximately  12'  long  and  thick.  When  stored 
at  temperatures  not  exceeding  40°F  it  has  a  shelf  life 
of  at  least  six  months. 

Thermomat  is  also  available  in  other  felt  styles  and  in 
tape  form  with  various  properties.  See  your  J-M  Repre- 

sentative for  further  details,  or  write  to  Johns-Manville, 
Box  359,  New  York  16,  N.  Y.  In  Canada :  Port  Credit, 
Ontario.  Cable  address :  Johnmanvil. 
_  _b  JOHNS-MAW1LLE 

Johns-Manville  jiTi 
THERMOMAT  SsfM! 
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ARNOUX'S  SERIES  TDS  300  - 
PROVEN 

RELIABILITY  IN 

TELEMETRY 

DECOM  MUTATORS 

B  Arnoux's  PAM,  PDM,  PAM/NRZ  Series 
TDS  300  decommutator  offers  improved  re- 

liability, improved  packaging  design,  and 
greater  operating  ease  through  less-critical 
adjustments.  Arnoux  decoms  are  widely  used 
and  known  around  the  world.  Arnoux's  telem- 

etry instrumentation  and  components  are 
backed  by  an  established,  solid  reputation  of 
leadership  in  decommutation-equipment  de- 

sign and  manufacture.  ■  The  TDS  300  fea- 
tures an  input  of  from  0.5  to  60  v  peak-to- 

peak  .  .  .  switch-selected,  standard  IRIG  pulse 
rates;  optional  nonstandard  PAM,  PDM, 
PAM/NRZ  pulse  rates  from  5  to  3600  pps  . . . 
automatic  compensation  for  commutation- 
rate  change  of  up  to  40  percent;  manual 
compensation  up  to  80  percent . . .  unaffected 
by  SCO  dc-level  shift  and  discriminator-fre- 

quency zero  shift  without  use  of  servo  (within 
limits  of  discriminator  pass  band)  .  .  .  output- 
signal  slope-off  of  0.00005  percent/msec  of 
frame  (for  5  to  3600  pps)  .  .  .  accessory 
electronic  gain  and  zero  servo  provides  es- 

sentially drift-free  operation.  ■  Shown  below: 
an  Arnoux,  completely-assembled,  17-rack, 
telemetry  data-acquisition  station  at  a  major 
installation.  Five  TDS  300's  are  included,  as 
well  as  receivers,  discriminators,  tape  record- 

ers, pen  recorders,  galvanometers,  and  test 
equipment. 
■ 
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NASA  Invites  MSC  Bids 

NASA  has  invited  10  industrial 
firms  to  submit  bids  by  Dec.  7  for  a 
contract  to  build  an  integrated  con- 

trol center  at  the  agency's  Manned 
Spacecraft  Center,  Houston,  and  to 
integrate  ground  operational  sup- 

port systems  to  be  used  in  Apollo 
and  the  rendezvous  phases  of  Gemini. 

Invited  to  bid  were  Bendix  Ra- 
dio, GE,  Hughes  Aircraft,  IBM,  ITT, 

Lockheed,  Philco,  RCA,  Raytheon 
and  STL.  Potential  subcontractors 
were  urged  by  NASA  to  contact 
these  firms,  the  controls  systems  pro- 

curement office  at  MSC,  Houston,  or 
the  NASA  headquarters  office  of  in- 

dustry systems  for  more  details. 
At  a  contract  cost  of  about  $80 

million,  Western  Electric  performed 
a  similar  task  for  NASA  in  the  Mer- 

cury program.  NASA  officials  ex- pect this  contract  to  be  less  costly, 
since  in  many  cases  modification  of 
existing  facilities  would  be  the  main 
requirements. 

In  another  contracting  area, 
NASA  has  called  for  proposals  by 
Dec.  10  for  a  flight  prototype  of  a 
system  to  measure  carbon  dioxide 
for  possible  use  in  manned  space- 

craft. The  contract  is  being  handled 

by  the  Houston  center's  general  re- search procurement  office.  At  the 
same  time  NASA  said  it  would  nego- 

tiate with  General  Electric  Manu- 
facturing Co.  for  development,  fabri- cation and  delivery  of  two  prototype 

fuel  cell  principal  oxygen  measuring 

systems. 

Nimbus  Testing  Advances 

The  first  Nimbus  flight  model 
may  be  ready  by  June,  1963,  and 
launch  is  scheduled  for  the  third 

quarter. About  250  industry  and  NASA 
representatives  inspecting  GE  test 
facilities  at  Valley  Forge,  Pa.,  were 
told  last  week  that  vibration  tests 

on  the  spacecraft  have  been  com- 
pleted, and  three-axis  testing  has 

begun. 

The  spacecraft  is  "flown"  on  an 
air  bearing  in  the  simulation  cham- 

ber. All  subsystems  are  now  ready 
to  go,  and  are  being  integrated  for 
environmental  testing. 

Goddard  Space  Flight  Center  is 

systems  contractor  for  the  meteor- 
ological satellite,  and  General  Elec- 

tric is  subsystems  integrator  and 
stabilization  and  control  contractor. 
NASA's  chief  of  Aeronomy  and  Me- 

teorology, W.  C.  Stroud,  chaired  the 
two-day  session. 



Need  a  replacement  for 

obsolescent  communications? 

From  tin  cans  to  laser  systems,  the  path  of  communi- 
cations has  transcended  language,  wars  and  centuries. 

On  the  ground,  at  sea,  in  the  air  .  .  .  and  now  in 
space  ...  the  system  of  today  has  always  become 
the  tin  can  of  tomorrow.  □  For  more  than  a  decade, 
research  and  development  by  Electronic  Communica- 

tions, Inc.,  has  helped  set  the  pace  in  advanced  and 
reliable  communication.  Among  ECl's  significant 
achievements  are  -  the  first  UHF  airborne  multiplex 
system,  the  first  self-focusing  multiple-element  an- 

tenna array,  the  first  airborne  50-watt  UHF  command 
set,  the  first  demonstration  of  unequal  array  spacing 
techniques,  the  first  airborne  1-kilowatt  servo-tuned 
UHF  transmitter  and  the  first  development  of  a  one- 
millimeter  superheterodyne  radiometer.  □  If  your 
communications  system  is  losing  the  battle  of  time, 
take  advantage  of  ECI  research  and  development  .  .  . 
it  may  dramatically  improve  your  present  methods. 
To  find  out  what's  new  in  communications-.  .  . 

 Ask 
ELECTRONIC  COMMUNICATIONS,  INC. 
St.  Petersburg,  Florida 

n 
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Grumman  has  unique  openings  for  talented  systems- 
oriented  engineers  and  scientists  to  supplement  and 
enhance  our  provocative  space  programs.  See  our  ad, 

page  198. 
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Latest  step  in  Grumman's  long-range  aerospace  pro- 
gramming is  construction  of  a  new  $5  million  Space 

Engineering  Center,  shown  here  in  an  architect's  draw- 
ing. Along  with  the  recently  completed  Electronics  Sys- 

tems Center  and  in-progress  Research  Center,  this  new 
complex  of  aerospace  facilities  will  give  Grumman  the 
physical  capabilities  and  resources  to  undertake  major 
space  system  assignments. 

In  the  early  1950's,  Grumman  instituted  a  comprehen- 
sive, long-range  program  of  space  studies.  Significant 

areas  were  hypersonics,  reentry,  capsule  retrieval,  or- 
bital transfer  and  lunar  vehicles.  Major  accomplishment 

to  date  is  acquisition  of  the  OAO  (Orbiting  Astronomical 

Observatory)  contract  and  the  Echo  II  canister  assem- 

bly. More  recent  study  contracts  include  the  perform- 
ance study  for  Lunar  Logistics  Systems  and  a  new  con- 
tract study  in  Lunar  Astrodynamics.  Against  the  back- 

ground of  33  years'  experience  in  solving  the  man- 
machine  equation  in  aircraft  and  weapons  systems, 
Grumman  now  offers  a  fully  integrated  space  capability. 

AND  ESPECIALLY 

Grumman's  most  valuable  asset  is  people:  scientists, 
engineers,  technicians  and  craftsmen.  This  work  force 
provides  an  unbroken  network  of  interlacing  aerospace 
experience  and  skills.  Over  all  is  a  management  team 
with  the  uncommon  knack  of  fitting  man  and  machine 

together ...  of  correlating  large-scale  programs  simul- 

taneously ...  of  ensuring  "total  company"  effort ...  of 
transforming  advanced  ideas  into  reality.The  Grumman 
work  force  is  by  far  the  most  stable  in  the  industry. 

GRUMMAN 

AIRCRAFT  ENGINEERING  CORPORATION 

B  ETH  PAGE  •  LONG  ISLAND  •  NEW  YORK 
Subscriber  Service  Card  t\-r 



IN  AEROSPACE,  MARQUARDT  MEANS  . . . 

Reaction  control  engines  for  Project  Apollo 

Marquardt  is  currently  engaged  in  the  develop- 
ment and  fabrication  of  the  reaction  control 

rocket  engines  for  the  service  module  of  the  Proj- 
ect Apollo  Spacecraft— The  National  Aeronautics 

and  Space  Administration's  initial  manned  expe- 
dition to  the  moon.  The  Marquardt  engines  in 

the  service  module  are  part  of  the  flight  and 
stabilization  control  system,  providing  attitude 
control  and  stabilization  enroute  to  the  moon  and 

back,  and  during  lunar  and  earth  orbit. 

Marquardt  has  successfully  designed  and  built 
advanced  control  systems  for  aerospace  vehicles 
for  nearly  two  decades.  Absolute  reliability  and 
precise  accuracy  are  necessary  for  satellite  ren- 

dezvous, station  keeping,  orbit  control,  landing 
and  lift-off  from  distant  planets.  Reaction  control 

systems  by  The  Marquardt  Corporation  are  relied 
on  to  do  these  vital  jobs. 

Engineers  and  scientists  interested  in  joining 

Marquardt  on  Apollo  and  other  significant  aero- 
space projects  are  incited  to  direct  resumes  to 

Professional  Personnel  at  the  address  below. 

Dedicated  to  Keeping  The  United  States  First in  Technology 

'"X/tlarquardi 
l  CORPORATION 

CORPORATE  OFFICES,  VAN  NVYS,  CALIFORNIA 
AX  EQUAL  OPPORTUNITY  EMPLOYER 



Polaris  Range  is  Increased  Through  the  Use  of  Filament  Wound  Motor  Cases 

The  Defense  Products  Division, 
Brunswick  Corporation,  was  se- 

lected by  The  United  States  Navy 
as  a  participant  in  the  design  and 
fabrication  of  prototype  second 
stage  Polaris  A-3  rocket  motor 
cases.  Brunswick's  design  and  fab- 

rication know-how  from  previous 
programs  was  an  important  factor 
in  being  selected  to  produce  this 
advanced  high  strength— low  weight 
motor  case. 

Experience  obtained  from  vari- 

ous rocket  motor  case  programs, 
including  the  Polaris,  has  resulted 
in  an  unexcelled  capability  for 
motor  case  design  and  fabrication. 
Brunswick  offers  a  wide  range  of 
materials  experience  including  the 
latest  high  strength  reinforcements 
and  resin  systems. 

From  the  fabrication  of  the  insu- 
lator to  the  hydrotest  of  the  com- 

pleted motor  case,  Brunswick  can 

supply  complete  "in  house"  capabil- 
ity. Original  design  concepts  sup- 

Interested  engineers  will  find  it  rewarding  to  discuss  career 
futures  with  Brunswick,  an  equal  opportunity  employer. 
Write  or  call  Brunswick  Corporation,  Defense  Products  Divi- 

sion, 1700  Messier  Street,  Muskegon,  Michigan. 

ported  by  computer  analysis  insure 
optimum  motor  case  design  for 
maximum  strength/weight  ratio. 
Semi-automatic  fabrication  equip- 

ment and  mechanically  controlled 
resin  content  result  in  a  uniform 
reliable  product. 

Let  Brunswick  scientists  and 

engineers  analyze  your  require- 
ments. Brunswick's  demonstrated 

capabilities  in  filament  winding  as- 
sure the  successful  completion  of 

each  customer's  contract. 

CORPORATION 
Circle  No.  101  on  Subscriber  Service  Card 
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29  July  1958  President  Eisen- 
hower signed  bill  creating  the 

National  Aeronautics  &  Space  Ad- 
ministration (NASA). 

NASA's  First  Administrator 
T.  Keith  Glennon, 

and  t res  J-  S  McDonnell 
Disclose  Mercury  Configuration 

12  January  1959 

1  October  1958  NASA  began 
official  operation. 
21  October  1958  ...NASA  an- 

nounced a  competition  for  a  manned 
spacecraft,  to  be  launched  by  an 
Atlas,  placed  in  orbit  around  the  earth 
and  returned  safely.  A  McDonnell 
study  team,  which  had  been  working 
on  manned  orbital  spacecraft  for  11 
months  under  company  research 
budget,  was  assigned  to  prepare  the 

proposal. 12  January  1959  ...NASA  an- nounced selection  of  McDonnell  to 
build  Mercury  Spacecraft. 
13  February  1959 . . .  Contract  was 
signed  with  McDonnell  for  the  de- 

sign and  construction  of  12  manned 
orbital  Mercury  spacecraft.  As  the 
program  expanded,  subsequent  orders 
were  received  for  eight  additional 
spacecraft,  two  procedural  trainers, 
an  environmental  trainer,  seven 
check-out  trailers  and  much  of  the 
prelaunch  operation  at  Cape  Canav- 

eral, including  the  mating  of  the 
spacecraft  to  the  launch  vehicle, 
check-out  and  countdown. 

9  April  1959  NASA  an- nounced names  of  the  seven  Mercury 
Astronauts. 

9  September  1959  ..NASA-pro- 
duced "Big  Joe"  R&D  spacecraft 

launched  to  test  basic  Mercury  de- 
sign concept.  Spacecraft  survived 

high  heat  and  airload  and  was  re- covered. 

4  October  1959   Little  Joe  1  firei 
at  NASA's  Wallops  Station,  Va. 
checked  matching  of  launch  vehicl 
and  NASA-produced  spacecraft.  Th 
Little  Joe  test  series  enabled  earl 
evaluation  to  the  spacecraft  in  th 
high  aerodynamic  pressures  en 
countered  at  low  altitudes. 

4  November  1959  ...  Little  Joe  2  fire 
from  Wallops.  Evaluated  low-altitud abort  conditions. 

4  December  1959  . . .  Little  Joe  3  fire 
at  Wallops  Station  to  check  hig 
altitude  performance  of  the  escap 
system  under  high  airloads.  Rhesu 
monkey  "Sam"  used  in  successfil 
flight. 

21  January  1960  .  .  .  Little  Joe  4  fire] 
at  Wallops  to  evaluate  escape  syster 

under  high  airloads.  "Miss  Sam'j another  Rhesus  monkey,  served  ai 
test  subject. 

25  January  1960  .  .  .  Less  than  a  yea 
after  signing  of  contract,  McDonne 
delivered  first  production  spacecrafl 

(#4). 

2  April  1960  First  instrJ 
mented  spacecraft  (#1),  with  escara 
tower,  delivered  to  NASA  b 
McDonnell. 
9  May  1960  Spacecraft  # 
fired  in  an  off-the-pad  abort  escap 
rocket  test. 

29  July  1960  Mercury -Atla 
1.  The  first  Atlas-launched  flight  wa 
aimed  at  qualifying  the  productio 
spacecraft  under  maximum  airload 
and  afterbody  heating  rate  durin 
re-entry  conditions.  Spacecraft 
carried  no  escape  system  or  test  sut 
ject.  Test  objectives  were  not  achieve 
due  to  launch  system  malfunctioij 



lays  of  achievement  follow  months  and  years  of  creative  engineering  and  planning. 

November  1960 .. .  Little  Joe  5  fired 
om  Wallops  to  check  production 
lacecraft  (#3)  in  an  abort  simulating 
le  most  severe  Little  Joe  launch 
:hicle  airload.  Premature  spacecraft 
paration  signals  resulted  in  early 
•ing  of  the  escape  tower  and  loss  of 
st  objectives. 
1  November  1960  . .  Mercury-Red- 

one 1  was  the  first  scheduled  un- 
anned  Redstone-launched  flight, 
remature  engine  cutoff  at  launch 
rminated  the  test.  The  emergency 
cape  system  was  jettisoned.  Space- 
aft  (#2)  was  not  damaged  and  test 
as  rescheduled. 
>  December  1960  . .  Mercury-Red- 

one 1 A  was  a  repeat  of  November 
tempt.  Successful  flight  reached  a 
^ak  altitude  of  135  statute  miles  and 
>vered  a  horizontal  distance  of  236 
atute  miles.  Spacecraft  (#2)  was 
covered. 

;  January  1961  .  .  .  "Ham",  the  37- 
>und  Astro-Chimp,  was  rocketed 
to  space  history  aboard  Mercury- 
edstone  2.  "Ham"  and  spacecraft 
5)  were  recovered  after  reaching  an 
titude  of  155  miles  and  landing 
10  miles  downrange.  Flight  demon- 
rated  ability  of  primate  to  react 
>rmally  in  prolonged  weightless 
ght.  "Ham"  was  recovered  safe  and m. 
February  1961 . . .  Mercury-Atlas 
reached  an  altitude  of  108  miles 
id  speed  of  13,000  mph.  Flight 
lecked  maximum  heating  during 
Drst  possible  re-entry  conditions, 
lacecraft  (#6)  was  recovered  1,425 
iles  downrange. 
March  1961  Little  Joe  5A  at 
allops  Station  repeated  Little  Joe  5 
st.  Spacecraft  (#14)  was  recovered 
it  all  test  objectives  were  not  met 
d  shot  was  rescheduled. 

25  April  1961  Mercury-Atlas 
3  was  an  attempt  to  orbit  spacecraft 
(#8)  with  a  "mechanical  man"  aboard. Forty  seconds  after  launching,  the 
launch  vehicle  was  destroyed  by  radio 
command.  Spacecraft  escape  system 
functioned  perfectly  and  spacecraft 
was  recovered  for  reuse. 
28  April  1961  Little  Joe  5B 
completed  the  spacecraft  escape  sys- 

tem flight  qualification  tests.  Space- 
craft (#14)  was  reconditioned  by 

McDonnell  after  previous  flight 
and  reused  in  this  successful  maxi- 

mum dynamic  pressure  escape  test. 
5  May  1961  Astronaut  Alan 
B.  Shepard,  Jr.  rode  Mercury-Red- 

stone 3  into  history  with  his  ballistic 
flight  seen  by  the  world.  The  flight 
reached  a  peak  altitude  of  1 16  statute 
miles  and  was  recovered  302  miles 
downrange.  Spacecraft  (#7)  is  now 
on  public  display  in  the  Smithsonian 
Institute. 
21  July  1961  Mercury-Red- 

stone 4  was  a  successful  downrange 

flight  by  Astronaut  Virgil  I.  "Gus" Grissom.  This  was  the  first  flight  with 
the  large  window,  greatly  improving 
astronaut  observation  capability. 
Premature  loss  of  the  escape  hatch 
caused  spacecraft  (#11)  to  take  on 
water  and  sink  despite  determined 
helicopter  recovery  efforts.  Astronaut 
Grissom  was  recovered  from  the 
water  by  helicopter. 
13  September  1961 . .  Mercury-Atlas 
4  placed  the  McDonnell  Mercury 
Spacecraft  in  orbit  for  the  first  time. 
The  spacecraft  (#8)  carried  a 
McDonnell-developed  "mechanical 
man"  designed  to  use  oxygen  and add  moisture  to  the  cabin  at  the 
same  rate  as  a  man.  The  spacecraft 
was  recovered  after  one  orbit  160 
miles  east  of  Bermuda. 

29  November  1961 . .  Space-Chimp 
"Enos"  twice  orbited  the  earth  in 
Mercury-Atlas  5.  Spacecraft  (#9)  was 
recovered  about  260  miles  south  of 
Bermuda. 

20  February  1962 . . .  Three  years  and 
39  days  after  Mercury  contract  was 
awarded,  Mercury  Spacecraft  (#13) 
and  Astronaut  John  Glenn  aboard 
an  Atlas  launch  vehicle  lifted-off  from 
Cape  Canaveral.  After  three  orbits, 
spacecraft  and  astronaut  returned 
safely  to  the  earth  and  were  recovered. 
It  is  significant  to  note  that  the  initial 
assignment  of  Project  Mercury  was 
completed  with  this  flight.  The  space- 

craft had  been  proven.  Man's  ability to  adapt  to  the  space  environment 
had  been  demonstrated. 

24  May  1962  Astronaut  M. 
Scott  Carpenter  aboard  Mercury- 
Atlas  7  completed  a  three  orbit  mis- 

sion, adding  knowledge  about  man's visual  perception  with  balloon  ex- 
periments, photographing  the  launch 

vehicle  and  the  sun  from  his  atmos- 
phere-free vantage  point,  drifting  for 

long  periods  in  free  flight  and  solving 
the  phenomena  of  the  "Space  Fire- 

flies" first  observed  by  Glenn.  A  yaw 
condition  at  the  time  of  retro-fire 
contributed  substantially  to  a  250 
mile  overshoot  on  re-entry.  Astronaut 
Carpenter  left  the  spacecraft  (#18) 
and  awaited  recovery  in  a  rubber 
raft  alongside. 

12  September  1962 . .  President  Ken- 
nedy visited  the  McDonnell  plant  in 

St.  Louis  and  told  employees,  ".  .  . I  can  imagine  no  action  .  .  .  which  is 
more  essential  and  more  exciting  than 
to  be  involved  in  the  most  important 
and  significant  adventure  that  any 
man  has  been  able  to  participate  in, 

in  the  history  of  the  world  . . ." 

3  October  1962. .Astronaut  Walter  M.  Schirra,  Jr.,  in  his  Sigma  7 

Mercury  Spacecraft  (#16),  completed  a  near-perfect 
six-orbit  flight  by  landing  on  target  in  the  Pacific 
Ocean  off  Midway  Island.  Much  of  the  mission 
was  accomplished  in  drifting  flight  by  the  United 

States'  fifth  man  to  go  into  space.  The  mission 
contributed  additional  knowledge  about  space- 

craft control,  space  vision,  and  man's  ability 
to  work  effectively  in  a  prolonged  weightless 
condition.  The  successful  performance  of 
Astronaut  Schirra  and  Sigma  7  prepared  the 

way  for  the  planned  one-day  Mercury  flight, 
and  later  2-man  McDonnell  Gemini  Spacecraft 
rendezvous  flights.  The  flight  was  part  of  continuing 
U.  S.  space  exploration  programs. 

/WCDOA//VI 

Mercury,  Gemini,  Asset  and  Aeroballistic  Spacecraft  • 
Phantom  n  Fighter,  Attack  and  Reconnaissance  Aircraft  •  Electronic  Systems  and  Equipment  • 

FIRST  FREE  MAN  IN  SPACE  Talos  and  Typhon  Missile  Airframes  and  Engines  •  Automation  sr.  louis.  Missouri 
Engineers  and  Scientists:  Employment  opportunities  exist  at  McDonnell.  An  Equal  Opportunity  Employer.  For  information,  write:  McDonnell,  Box  51 6,  St.  Louis  66,  Mo. 
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Another  Clevite  Research  accomplishment .  .  .  for  energy  conversion  systems. 

relistt)le  fuel  cell  electrodes 

Development  of  efficient  power  packages  has  been  accelerated  with  fuel  cell 
electrodes  from  Clevite/MRD.  Controlled  permeability,  tight  pore  spectra,  high 
rigidity  are  among  the  characteristics  permitting  their  use  in  such  demanding 

applications  as  the  Apollo  Project.  ̂ |  Clevite/MRD,  pioneer  in  porous  struc- 
tures, is  also  a  leading  supplier  of  critical  mission  hardware  for  transpiration  and 

ablative  cooling,  fluid  injection,  vectoring  and  metering.  May  we  tell  you  more? 
Mechanical  Research  Division,  Clevite  Corporation,  Cleveland  8,  Ohio. 

CLEVITE 

M  E  C  H  A  N 
R    E     S     E  A 
D  i    v    i  s 

I  C  A  L 
R  C  H 
I      O  N 

Challenging  career  opportunities  exist  for  qualified  engineers  and  scientists. 

Circle  No.  103  on  Subscriber  Service  Car 



CONNECTIONS  IN  DEPTH 

Contacts,  connectors,  cable,  Lerco  elec- 
tronic hardware,  complete  harnesses 

and  assemblies,  hermetic  sealing  — 
Microdot  supplies  them  all:  miniaturized, 
in  depth,  mostly  off  the  shelf.  Because 
Microdot  is  very  big  on  "little."  Like: 
MICROMINIATURE  MULTI-PIN  CONNECTORS 
by  Microdot  are  only  %  the  size  of  cur- 

rent "miniatures"  and  yours  in  3  shell 
sizes  — for  up  to  61  power  or  19  coax 
contacts  in  a  1%"  shell.  Parts  are  inter- 

changeable; inserts  available  in  a  variety 
of  straight  power,  straight  coaxial  and 
combination  power/coax  contacts.  Her- 

maphroditic contact  arrangements  can 
be  set  up  with  power  contacts  that  inter- 

change without  changing  inserts.  Order 
completely  custom-assembled  with 
Microdot  cable  or  off-the-shelf  in  unas- 

sembled kit  form.  Check  Bulletin  MP-O. MICROMINIATURE  COAXIAL  CONNECTORS 
by  Microdot  come  in  over  1,000,000 

combinations  — including  the  world's 
smallest  50-ohm  job.  With  straight  or 
angle,  screw  or  slide-on  contacts;  recep- 

tacles including  printed  circuit  and  bulk- 
head feed-thru  types.  With  nothing  but 

highest  quality  materials  throughout: 
gold-plated  coin  silver  contacts;  silver- 
plated  brass  housings;  Neoprene  or 

silicone  bend  relief  caps  and  "Teflon" 
pin  protectors.  Get  Bulletin  CX-2A. 
MICROMINIATURE  COAXIAL  CABLES  by 
Microdot  give  you  all  these  designed-in 
characteristics:  low  noise,  low  capaci- 

tance, and  high  operating  temperatures. 
They  meet  MIL-C-17C,  yield  the  same 
matched  impedance  required  for  larger 
systems  and  come  in  coax,  twinax,  and 
triax  constructions.  Silver-plated  copper- 
weld  or  cadmium  bronze  conductors; 
"Teflon"  or  polyethylene  dielectrics; 
"Teflon,"  "Kel-F,"  nylon  or  vinyl  jack- 

ets. Order  off-the-shelf  in  50,  75,  and  90 
ohms  impedance  ratings  or  let  us 
custom-manufacture  in  30  to  160  ohms 
ratings.  Write  for  Bulletin  CBL-2A. 

LERCO  ELECTRONIC  HARDWARE  Completes 
your  assembly.  This  extensive  line  is 
available  off-the-shelf  or  in  custom 
designs,  including  terminals,  terminal 
boards,  custom  and  Mil  Spec  knobs, 
eyelets,  and  handles.  Get  Lerco  Catalog. 

From  crimp  contacts  to  complete  har- 
nesses—assembled to  your  drawings 

and  hermetically  sealed  into  your  equip- 
ment—  Microdot  supplies  them  all,  in 

miniature.  Contact  your  nearby  Microdot 
sales  office,  rep,  or  distributor.  Or  write 
us  direct  and  tell  us  what  you  want. 

MICRODOT  IIVC. 
220  Pasadena  Ave.,  South  Pasadena,  Calif. 
Overseas:  Microdot  AG,  Zug,  Switzerland 



Photo  of  test  conducted  at  A  iResearch 

AiResearch  is  now  conducting  laboratory  tests  utilizing  various  fluids  in 
secondary  injection  systems  for  missile  thrust  vector  control. 

These  tests  show  many  advantages  over  present  vectoring  methods;  faster 

response,  moving  parts  are  virtually  eliminated,  and  high  temperature  prob- 
lems are  minimized.  In  addition,  the  average  vectoring  system  weight  is  less 

as  the  fluid  is  expended  at  burn-out. 
AiResearch,  with  many  years  of  experience  in  systems  management, 

research  and  production  in  the  components  involved,  is  prepared  to  help  solve 
your  steering  and  vector  control  problems.  Direct  requests  for  information  to 
the  Los  Angeles  division. 

34 

AIRESEARCH  MANUFACTURING  DIVISIONS  •  Los  Angeles  9,  California  •  Phoenix,  Arizona 

Systems  and  Components  for: 

Aircraft,  Missile,  Spacecraft,  Electronic,  Nuclear  and  Industrial  Applications 
Circle  No.  104  on  Subscriber  Service  Card 



NOW... 

FOURTEEN 

TRACKS 

Count  'em  — the  channels  in  Mincom's  new  CMP-114  Recorder  have  just  been  increased  from 
seven  to  fourteen.  Frequency  response  of  1.2  mc  at  120  ips  makes  this  remarkably  compact 
system  the  only  mobile  field  recorder  of  its  type  and  size  capable  of  basic  FM/FM  telemetry  and 

operational  predetection.  Longitudinal  recording  with  fixed  heads  assures  accurate  and  trouble- 
free  performance.  CMP  is  the  first  transportable  field  recorder  with  six  speeds,  rewind,  push- 

button speed  control,  dynamic  braking,  and  other  advantages  of  Mincom's  exclusive  DC  top  plate. 
Flexible  installation:  CMP's  two  major  components  may  be  placed  in  an  over/under  configuration, 
side  by  side,  separated,  or  mounted  in  a  standard  rack.  Write  today  for  complete  information. 

mincom  Division 

Los  Angeles  25,  California  •  Washington  4,  D.C. 
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This  is  the  space  vehicle  that  puts  America  on  orbit 

This  is  the  remarkable  Agena.  It  was  developed  by  Lockheed  for  the  Air  Force. 

But  its  accuracy,  dependable  performance,  and  ability  to  adapt  to  a  wide  variety  of 

missions,  payloads,  and  boosters  have  won  it  a  growing  role  in  America's  space  effort. 
It  has  already  been  assigned  to  29  different  space  projects,  including  the  National 

Aeronautics  and  Space  Administration's  Ranger,  Mariner,  and  Gemini  programs. 

To  meet  the  demands  and  deadlines  of  today's  major  weapon  and  space  programs, 
Lockheed  Missiles  &  Space  Company  brought  together  more  than  25,000  scientists, 

engineers,  and  technologists  . . .  equipped  them  with  research  laboratories,  test 

equipment,  and  production  facilities  to  handle  the  most  difficult  assignments. 

The  constant  aim  of  LMSC  management  is  to  coordinate  the  talents  and  facilities  of 

industry  and  academic  groups  with  government  groups  for  total  development 

of  successful  major  space  and  weapon  systems. 

LOCKHEED  MISSILES  &  SPACE  COMPANY  Sunnyvale,  California  •  A  Group  Division  of  Lockheed  Aircraft  Corp. 



•  History  of  rocketry  from  13th  Century  China  to  the  present  symbolized 

ROCKETRY. . .  FROM  KAI  FUNG-FU  TO  THE  MOON 

From  the  first-known  use  of  rockets  in  the  defense  of  Kai- 
fung-fu  in  13th  century  China,  rocketry  has  experienced 
anything  but  a  continuous  advance.  For  many  hundreds  of 
years  these  early  fire  arrows  knew  little  improvement  or  new 
missions.  Gradually  they  were  given  minor  applications  as 
signaling  devices,  incendiary  weapons  and  lifeline  launchers. 
Suddenly,  in  the  last  three  decades,  rocketry  has  made  its 
breakthrough  as  a  spectacular  source  of  power. 

Since  World  War  II,  Bell  has  been  in  the  forefront  of  rocket 
engine  application  and  development,  beginning  with  the 

design  of  this  country's  famed  X-l  supersonic  research  air- 
plane, first  to  penetrate  the  sound  barrier  successfully  in 

1947.  It  was  followed  by  the  Bell  X-l  A  and  X-2,  which 
established  even  higher  speed  and  altitude  frontiers.  Next 

came  Bell's  own  liquid-propellant  rocket  engine  for  Rascal, 
the  first  operational  air-to-surface  guided  missile. 

Today  Bell  is  delivering  in  quantity  the  highly-reliable  Agena 
16,000  pound  thrust  liquid  rocket  engine  which  made  his- 

tory February  28,  1959,  by  propelling  this  country's  first 
polar  satellite  into  orbit.  Since  then,  the  Bell  Agena  engine 
has  put  more  useful  payload  into  orbit  than  any  other  and 

now  is  playing  a  significant  role  in  Air  Force  satellite  pro- 
grams and  NASA's  Ranger  moon  and  Mariner  Venus  probes. 

Bell  also  is  providing  rocket  reaction  control  systems  for  the 

manned  Mercury  capsule,  Centaur  and  the  X-l 5  research 
airplane.  Bell  engineers  continue  to  develop  new  uses  and 
new  engines  for  even  more  powerful  rocket  propellants  to 

help  speed  this  country's  conquest  of  space. 

(J) 

t  BELL  AEROSYSTEMS  COMPANY  •  Buffalo  5,  N.  Y. 
Q  m  DIVISION  OF  BELL  AEROSPACE  CORPORATION 
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DRIVE  FOR  THE  MOON 

GAINS  MOMENTUM 

NASA'S  $50-BILLION  undertaking  to  put  men 
on  the  Moon  and  begin  exploitation  of  space  within 
this  decade  has  made  impressive  progress  in  the 

past  year.  Funding  to  support  the  massive  national 
effort,  set  at  $3.7  billion  in  Fiscal  Year  1963,  will 

escalate  to  at  least  $5.5  billion — half  again  as  much 

— in  Fiscal  Year  1964.  Missiles  and  Rockets' 
Second  Annual  NASA  Issue  surveys  the  space 

agency  effort  by  programs — what  is  to  be  accom- 
plished in  the  relatively  near  future  and  what  may 

be  achieved  by  1970.  On  the  following  pages,  we 

examine  overall  budget  plans  and  how  NASA  will 

procure  what  it  needs  from  industry.  Next  are 
articles  covering  the  programs  involved  in  manned 
cislunar  and  lunar  exploration,  followed  by  reports 
on  advanced  manned  and  unmanned  projects, 

launch  vehicles,  propulsion  development,  and  the 

myriad  satellite  programs.  A  separate  story  deals 
with  the  huge  construction  program  necessitated  by 

the  space  effort.  A  final  section  contains  up-to-date 

organizational  charts  of  NASA's  centers  and  a 
run-down  of  their  functions  and  responsibilities  in 
the  U.S.  space  endeavor. 

missiles  and  rockets,  November  26,  1962 39 



IDEA: 

Combine  all  radar 

structure  capabilities 

under  one  roof 

If  you're  starting  from  scratch  with  a  new 
radar  system  .  .  .  and  want  to  save  time 
and  money  ...  a  good  place  to  head  is 
Goodyear  Aircraft  Corporation  (GAC). 

Years  ago  GAC  conceived  the  idea  of 
combining  the  best  radar  structures  engi- 

neering and  manufacturing  capabilities  in 
the  country.  We  put  it  into  practice— with 
signal  success.  Now  we  have  specialists 
who  understand  the  overall  radar  require- 

ments and  can  assist  you  in  writing  specifi- 
cations, if  necessary— mechanical  designers 

to  engineer  the  precise  structures— skills  to 
fabricate  them— a  building  in  which  to  erect 
them  for  physical  tests  — outstanding  test 
ranges  to  check  them  out  electronically— ex- 

perienced personnel  to  supervise  — world- 
wide, on-site  erection  and  field  service. 

Example:  We  make  BMEWS  antennas 

weighing  365,000  pounds  with  84-foot- 
diameter  dishes,  3-foot  Luneberg  lenses 
weighing  20  pounds  — and  virtually  every 
type  of  structure  in  between  for  major  sys- 

tems like  Nike-Zeus,  Syncom,  Tradex  and 

Typhon. We've  also  built  and  erected  radomes 
for  BMEWS,  Nike-Zeus  and  other  systems. 

If  you  need  help  with  a  radar  system 
...  or  any  part  of  it .  .  .  GAC  can  provide 
it.  And  we  can  also  help  you  with  ad- 

vanced systems  and  technology— aerospace 
support  equipment— electronic  subsystems 
—  lightweight  structures  —  or  missile  re- 

quirements. Write  Goodyear  Aircraft  Cor- 
poration, Dept.  i4KV  Akron  15,  Ohio, 

or  Litchfield  Park,  Arizona. 

^  Containing  50,000,000  cubic  feet  of  space  with- 
out a  supporting  column,  this  18-story-high  GAC 

airdock  is  big  enough  to  house  complete  BMEWS antennas. 

LAND,  SEA,  AIR  or  SPACE  .  .  .  TALENT  THAT  BUILDS  BETTER  DEFENSE  SYSTEMS 

GOOD/YEAR 
GOODYEAR  AIRCRAFT  CORPORATION 
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NASA  Administrator  Webb 

Administrator's 

Watchword: 

Vigor  with  Prudence 

A YEAR  AGO,  in  an  introduction  to  the  first  annual 
NASA  issue  of  Missiles  and  Rockets,  I  said  that  by 

making  prompt  decisions  we  had  "been  able  to  get  moving  at 
high  speed  toward  the  accomplishment  of  our  national  goals 
in  space." 

During  the  intervening  year  we  have  continued  to  main- 
tain a  fast-paced  national  civilian  space  program,  making 

significant  advances  in  space  exploration,  and  laying  firm 
foundations  for  still  further  advances  during  the  years  ahead. 

We  have  established,  at  Cape  Canaveral,  Houston,  New 
Orleans,  and  in  Mississippi,  the  massive  ground  installations 
which  advanced  manned  space  flight  require.  Further,  we 
have  placed  under  contract  every  major  segment  of  the 
Apollo  program. 

In  our  space  program  we  are  building  the  foundations, 
the  power,  the  capability  to  go  forward  to  meet  any  national 
requirement  in  space  which  our  processes  of  decision  bring 
forth  and  ratify. 

No  one  could  participate  in  the  management  of  our 
program,  and  the  decisions  which  are  required  to  carry  it 
out,  without  a  keen  awareness  that  there  are  those  who 
believe  that  the  nation  should  proceed  at  an  even  faster  pace, 
that  every  resource  available  through  science,  technology 
and  industrial  capacity  should  be  utilized  to  the  limit.  As 
the  aerospace  industry  develops  new  capability  in  advanced 
fields  and  phases  out  its  work  on  manned  aircraft,  some 
suggest  that  the  space  program  should  be  expanded  to  utilize 
these  resources. 

Although  the  Advanced  Saturn  will  orbit  a  payload 
roughly  equal  to  85  capsules  like  that  of  John  Glenn,  some 
express  the  conviction  that  an  even  larger  booster,  the  giant 
Nova,  should  be  put  under  contract  at  this  time. 

Most  scientists  and  experts  on  space  believe  this  large 
booster  will  ultimately  be  required  for  the  time  period  fol- 

lowing our  lunar  exploration.  However,  several  questions 
are  involved  in  determining  when  to  undertake  it.  To  begin 
now  would  add,  in  the  years  immediately  ahead,  large 
financial  requirements.  Further,  since  the  Nova  is  not  re- 

quired for  our  initial  lunar  explorations,  delay  gives  us  the 
opportunity  to  consider  more  thoroughly  precisely  how  big 
it  should  be  to  meet  future  requirements. 

In  addition,  we  need  to  know  more  about  how  rapidly 
nuclear  power  can  be  developed  for  rocket  propulsion,  and 
whether  solid  fuels  may  be  developed  at  so  rapid  a  rate  as 
to  offer  advantages  over  liquid  fuels  for  the  first  stage  of 
such  a  booster. 

The  present  program,  even  without  Nova,  is  designed  to 
achieve  the  pre-eminence  we  need  in  all  phases  of  space 
science,  space  flight,  space  exploration,  and  space  utiliza- 

tion. It  is  expensive.  Those  of  us  charged  with  its  manage- 
ment are  devoting  every  capacity  and  every  skill  we  have 

toward  pushing  it  as  a  driving,  vigorous  effort,  but  conducted 
in  a  prudent  and  efficient  manner. 

Except  in  wartime,  no  national  scientific  and  techno- 
logical effort  has  had  such  a  rapid  buildup  as  the  space 

program  over  the  past  five  years.  The  end  of  the  buildup 
is  not  in  sight,  but  the  rate  is  slowing  down  and  is  keyed 
to  the  policy  I  have  stated — that  this  is  a  fast  paced,  driving, 
prudently  managed  and  efficiently  conducted  program,  but 
it  is  not  a  crash  program. 

Our  program  is  proceeding  on  a  realistic  schedule,  but 
it  is  constantly  undergoing  vigorous  re-examination  to  deter- 

mine how  to  use  the  resources  provided  to  achieve  pre- 
eminence in  space  at  the  earliest  feasible  date.  There  has 

been  internal  rearrangement  but  no  slip  in  our  lunar  target 
dates.  But  despite  the  rapid  buildup  of  our  funds,  our  tech- 

nological progress  and  the  need  for  additional  scientific  data 
to  support  further  advances  has  been  even  greater.  Hard 
decisions  must  be  made  each  day  to  allocate  funds  most effectively. 

I BELIEVE  we  have,  in  NASA,  the  technical  and  financial 
management  to  make  these  choices  and  to  achieve  the 

results  for  which  this  program  was  established.  Barring  some 
unforseen  opportunity,  or  new  requirement,  we  will  not  ask 
the  President  to  request  supplemental  or  deficiency  funds 
for  the  current  fiscal  year. 

The  requirements  for  Fiscal  Year  1964  have  been  care- 
fully laid  out  for  consideration  by  the  Bureau  of  the  Budget 

and  the  President,  and  we  have  no  doubt  that  the  President's 
budget  recommendations  to  Congress  will  provide  the  same 
strong  support  which  has  characterized  his  actions  in  the 

past. 

I  am  confident  that  the  decisions  which  are  made  will 
support  a  space  program  which  will  continue  to  move 
rapidly  forward,  and  which  will  enable  us  to  achieve  and 
maintain  a  space  posture  satisfactory  to  the  United  States. 



INSIDE 

1,000 

ERUPTING 

VOLCANOS! 

These  are  the  conditions  faced  in  placing  closed-circuit  TV  cameras  within  10  feet  of  the 

cluster  of  eight  rocket  engines  used  to  power  the  SATURN  space  vehicle.  The  severe 

heat  and  vibration  generated  during  a  static  firing  called  for  a  Vidicon  having  the 

highest  sensitivity  characteristics  while  being  of  the  most  rugged  construction. 

-  Ruggedized  Vidicon  was  found  capable  of  meeting  these 

extreme  requirements  .  .  .  successfully.  The  engineers  and  technicians  were  able  to 

monitor  and  film  the  exhaust  characteristics  in  recent  static  firings  of  the  National 

Aeronautics  and  Space  Administration's  SATURN  vehicle  because  of  the  dependable 

performance  of  four  7226A  VIDICONS  manufactured  by  General  Electrodynamics.  The 

7226A  GEC  Vidicon  meets  military  environmental  conditions  for  shock  and  vibra- 

tions MIL-E-5272A;  illumination,  1,000  ft-c;  temperature,  71°C. 

If  you  have  a  project  requiring  difficult  applications  for  Vidicons,  Scan  Conversion, 

Image  Conversion,  or  Display  Tubes,  contact  General  Electrodynamics  Corporation  . . . 

where  tube  research  begins. . 

GENERAL  ELECTRODYNAMICS  CORPORAT 
® 

42 
30     FOREST     LANE      •  GAHLAN 

Circle  No.  53  on  Subscriber  Service  Cord 
ROADWAY  6 



3 

Lunar  Gas  Chromatograph  — 
a  precision  analyzer  in  a  snug,  ten-inch 

cube -built  for  NASA- J  PL, 
in  conjunction  with  Project  Surveyor. 

•Gas  Chromatograph 

Designed  to  travel  on  the  initial  moonshot,  a  Beckman  gas  chromatograph  will  go 
to  work,  analyzing  28  constituents  of  chunks  of  lunar  crust  scooped  up  and  fed 
to  the  little  box. 
In  1961,  when  NASA-JPL  asked  Beckman  to  take  on  the  job,  it  meant  creating 
precision  equipment  that  could  face  the  pull  of  300  g,  undergo  the  deep  freeze  of 
lunar  night,  and  make  analyses  on  solids  rather  than  gases. 
Beckman -leaders  in  infrared,  mass  spectrometry,  and  gas  chromatography  - 
weighed  the  virtues  of  all  three  techniques.  The  finding:  for  spaceborne  applica- 

tions, the  gas  chromatograph  is  best.  It's  unmatched  for  ruggedness,  simplicity of  design,  environmental  stability. 
The  lunar  chromatograph  gives  the  first  indication  of  the  spaceborne  gas  chroma  to- 
graph's  potential.  Tomorrow,  the  life  support  system  for  manned  flight  will  de- pend even  more  on  the  precision  performance  of  Beckman  gas  chromatographs.  For 
complete  information  on  space-age  gas  analysis,  write  to  Manager,  Contract  Sales. 

Beckman  also  advances  space  exploration  in:  satellite  data  processing,  rocket  propellant 
analysis,  space  capsule  air  monitoring,  radiation  analysis,  and  physiological  monitoring. 

INSTRUMENTS,  INC. 
Fullerton,  California 

Circle  No.  54  on  Subscriber  Sen 
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ENERAL  PRECISION  BUILDS  BOTH  F 

ON-BOARD  SYSTEMS-A  Librascope 
computer,  the  first  designed  to  guide  an 
exploratory  instrument  package  to  a  soft  land- 

ing on  the  moon,  will  be  carried  aloft  inside 
NASA's  Atlas-Centaur  spacecraft.  One  of  the 
smallest  and  lightest  general-purpose  digital 
computers  available  fortoday's  space  needs. 

Like  the  ancient  Roman  deity 

Janus,  Guardian  of  the  Gates, 

a  space-information  system  has 

two  faces.  □  One  is  the  on-board 

subsystem  that  gathers  space 

data  and  performs  preliminary 

processing.  The  other  is  the 

ground-based  subsystem  that 

completes  the  processing  and 

displays  the  desired  informa- 
tion after  transmission  from 

the  spacecraft.  □  Only  quarter- 

century-mature  Librascope 

Division  General  Precision  has 

so  thoroughly  demonstrated 

competence  in  producing  both 

on-board  space-vehicle  com- 

puters and  large-scale  ground- 

based  data  processing  systems, 

1A 



under  military  and  space 

contracts,  and  in  integrating 

complex  information  systems. 

□  Other  divisions  of  General 

Precision  aid  in  furnishing  the 

depth  of  experience  in  space- 

environment  sensing,  astro- 

navigation,  vehicle-  and 

ground-systems  displays,  and 

simulation-system  manage- 

ment. □  Send  for  the  story  of 

Librascope's  25  years  in  infor- 
mation systems  and  latest 

work  on  advanced  computing 

techniques  and  equipment. 

LIBRASCOPE  DIVISION 

808  Western  Avenue,  Glendale  1,  California 

GROUND-BASED  SYSTEMS— From 
1963  on,  U.S.  global  strategy  will  be  supported 
by  this  Librascope  multiple-computer 
system,  a  key  part  of  USAF's  473L  command- and-control  system  to  be  installed  in  the 
Pentagon.  One  of  the  many  new  large-scale 
Librascope  computing  system  complexes. 



NASA/budget 

Big  Apollo 

THE  HIGH  COST  of  Project  Apollo 
is  forcing  NASA  to  delay  existing  proj- 

ects and  postpone  development  of  pro- 
posed new  programs. 

The  space  agency's  Gemini,  Scien- tific Satellites,  Lunar  and  Planetary,  and 
ComSat  programs  have  all  been  cut 
back  sharply  in  Fiscal  '63.  Development of  such  advanced  projects  as  the  Nova 
superbooster  and  a  manned  orbiting 
space  station  have  been  put  off  from  one 
to  two  years. 

The  immediate  cause  is  the  Kennedy 
Administration's  decision  not  to  ask 

Congress  to  approve  a  Fiscal  '63  sup- 
plemental appropriation  of  several  hun- dred millions  of  dollars  for  Apollo. 

As  a  result,  NASA  is  engaged  in 

a  gigantic  reprograming  effort.  Project 
Gemini  has  been  delayed  for  several 
months  and  space  agency  officials  are 
considering  a  proposal  that  would  cut 
$100  million  from  the  program  by  kill- 

ing the  use  of  Agena  target  vehicles  for 
rendezvous  maneuvers. 

The  budgets  for  Scientific  Satellites, 
Lunar  and  Planetary  and  ComSat  pro- 

grams have  been  cut  back  by  $50  mil- 
lion, $20  million  and  $40  million  re- 

spectively. 
On  a  long-term  basis,  the  problem 

is  the  estimated  $4-billion  cost  of  Proj- 
ect Apollo  for  each  of  the  next  two  or 

three  fiscal  years. 
This  has  forced  NASA  to  delay  a 

start  on  a  manned  orbiting  space  station 
until  Fiscal  '65  at  the  earliest,  and  the 
Nova  booster  until  Fiscal  '66. 

The  tough  budgetary  climate  pre- 
vails despite  almost  certain  approval  of 

a  Fiscal  '64  budget  of  $5.5-5.6  billion 
and  evidence  that  Congress  and  the 
American  people  are  ready  to  support 
a  $20-billion  Project  Apollo  and  a  total 

STRIDE  FORWARD  in  lunar  program 

was  firing  of  Douglas  Saturn  S-IV. 



3ricetag  Cuts  Into  Other  Programs 

Administration  decision  not  to  ask  for  FY  '63  supplementary  funds 
for  Apollo  puts  temporary  crimp  in  Gemini,  Nova  and  other  efforts 

NASA  program  of  almost  $50  billion 
through  this  decade. 

•  Jolt  to  Apollo — While  much  of 
the  reduction  affects  other  programs, 
some  NASA  and  Kennedy  Administra- 

tion officials  allege  that  Project  Apollo 
also  has  slipped  several  months. 

The  delay,  they  report,  stems  from 
a  sudden  jump  in  Fiscal  '63  require- ments and  a  concurrent  Administration 
decision  not  to  ask  for  a  supplementary 
budget  early  in  January. 

While  a  supplementary  request  for 
several  hundred  million  will  be  included 

in  the  Fiscal  '64  budget,  the  officials 
argue  that  the  money  is  needed  right 
now  and  getting  it  six  months  from 
now  will  not  make  up  for  the  loss  in 
scheduling. 

The  funds  could  be  used  to  make 
a  major  start  on  the  Lunar  Excursion 
Module  of  the  Apollo  spacecraft,  initi- 

ate development  of  a  lunar  logistic  ve- 

hicle, speed  up  work  on  the  command 
and  service  modules  of  Apollo,  and  start 
needed  construction  of  test  stands  at 
Mississippi  Test  Facility. 

Top  Administration  officials  killed 
the  supplemental  proposal.  They  argued 
that  with  normal  Congressional  consid- 

eration, it  would  not  have  been  ap- 
proved until  the  end  of  the  fiscal  year. 

Their  counter-proposal,  and  the  one 
that  has  been  accepted  by  NASA,  was 
inclusion  of  the  funds  in  the  Fiscal  '64 budget. 

•  Bargaining — This  has  pushed  the 
space  agency's  budget  for  the  next  fiscal 
period  to  $5.5-5.6  billion,  with  a  possi- 

bility that  it  may  reach  $5.8  billion. 
Discussions  are  still  continuing  within 
the  Kennedy  Administration,  however, 
and  a  final  figure  will  not  be  set  until 
early  next  month. 

The  bargaining  began  with  NASA 
presenting  various  budget  possibilities 

and  resulting  scheduling.  The  most 
grandiose  called  for  spending  a  total  of 
$6.6  billion.  The  Budget  Bureau's  first offer  was  slightly  below  $5  billion.  This 
has  been  upped  gradually,  and  the  in- 

clusion of  the  several  hundred  million 
in  supplemental  funds  has  raised  it  to 
the  current  estimate. 

Officials  of  NASA's  Manned  Space 
Flight  Office  reportedly  believe  that  they 
could  use  $4  billion  in  Fiscal  '64.  It  is 
likely,  however,  that  they  will  have  to 
settle  for  $3.4  to  $3.6  billion. 

Of  that  total  about  $1  billion  will 
be  required  for  the  Apollo  spacecraft 
alone. 

Some  $200  million  will  be  spent  on 
the  Lunar  Excursion  Module  to  speed 
up  its  production  to  get  it  ready  for 
flight  tests  in  the  1965-66  period.  This 
is  the  spacecraft  which  will  land  the 
first  U.S.  astronauts  on  the  Moon. 

•  Big  jumps — Development  costs  of 

BUDGET  BREAKDOWN  FOR  MAJOR  NASA  SPACECRAFT  AND  LAUNCH  VEHICLE  PROGRAMS 
(in  Millions  of  Dollars) 

Program Fiscal  62 

Fiscal  '63* 

Program 

Fiscal  '62 
Fiscal  '63  * 

Apollo 
$160 

M-l  engine 

$  25-  35 Command  and  Service 
$350-400 

Launch  Vehicle  Technology 

$  27 

31.6 
Lunar  Excursion  Module 50-  65 Solid  Propulsion 

4.2 

7.9 

Gemini 230 Sounding  Rockets 8.2 77.9 
Mercury 109.5 15 

Scout 
3.7 

8.9 
Centaur 224.2 100 Delta 2.9 .2 
Saturn  C-l 224.1 250 Scientific  Satellite 72.7 

720 Saturn  C-7B 15-  25 159.9 
239 

Advanced  Saturn 330 Lunar  and  Planetary  Programs 

Tracking  and  Data  Acquisitia n  94.8 158.4 Communication  Satellites 94.6 
48 

F-1  engine 56.7 45-  50 Meteorological  Satellite 18.1 64 

RL-10  engine 77.7 25-  30 Nuclear  Systems 

36 
81.4 

J-2  engine 37.8 40 Electrical  Propulsion 17.5 
30.6 

'Based  on  estimates  of  NASA officials  folio wing  Congressional  budget  cuts  and  reprograming within  the agency. 
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5,500 5,600 (IN  MILLIONS  OF  DOLLARS!) I  ,825.8 

48.  0 
86.  3  _ 99.  6 90.9 I  26.  3 

166.8 

1,252.0 2,967 

752 

360 
213.8 

1964 AUTHORIZATION 

GROWTH  of  NASA  budge!.  Construction  of  Facilities  (C  of  F)  and  Salaries  and 
Expenses  (S  and  E)  were  included  in  FY  '63  R&D.  FY  '63  figure  is  authorization; 
FY  '64  figure  is  estimated. 

the  command  and  service  modules — 
under  contract  to  North  American  Avi- 

ation Inc. — will  jump  from  the  Fiscal 
'63  figure  of  $350  million  to  about  $700 million.  This  will  cover  some  spacecraft 
procurement  costs  as  well  as  the  con- 

tinuing R&D  effort. 
A  massive  jump  in  funding  for  the 

giant  Advanced  Saturn  booster  is  also 
envisaged  by  NASA.  This  is  the  launch 
vehicle  which  will  carry  the  Apollo 
spacecraft  on  its  long  journey  to  the 
Moon. 

A  doubling  of  the  current  funding 
level  to  about  $700  million  is  in  pros- 

pect. This  will  cover  R&D  and  vehicle 
procurement  for  the  first  stage,  under 
contract  to  the  Boeing  Corp.,  the  sec- 

ond stage,  being  developed  by  North 
American,  and  the  Douglas  Aircraft 
Corp.  third  stage. 

The  funding  will  also  cover  costs  of 
the  engines  which  will  power  the  multi- 
million-lb. -thrust  booster.  These  include 
the  liquid-oxygen  F-l  engine  for  the 
first  stage,  and  the  rocketdyne  J-2  liquid- 
hydrogen  engine  which  will  power  the 
second  stage. 

Another  $150  million  will  be  spent 
on  development  of  liquid  rocket  en- 

gines for  the  manned  space  flight  pro- 
gram. In  addition  to  the  Advanced 

Saturn  engines,  some  of  the  money  will 
be  used  for  the  1 .2-million-lb. -thrust 
M-l  liquid-hydrogen  engine  for  Nova, 
and  the  RL-10  and  H-l  engines  of  the 
Saturn  C-L  Funding  for  each  of  the 
engines  will  be  roughly  the  same  as  in 
Fiscal  '63,  although  a  slight  jump  in 
M-l  funds  is  possible. 

A  major  start  will  also  be  made  on 
procurement  of  Saturn  C-l  launch  ve- 

hicles for  Apollo  orbital  flights  in  1964- 
65.  This  is  expected  to  cost  $100  mil- 

lion, with  another  $60  million  for  R&D 
on  the  1 .5-million-lb. -thrust  booster. 

•  Gemini  outlook — Project  Gemini 
— the  two-man  spaceflight  series  de- 

signed to  prove  rendezvous  in  space — ■ 
is  currently  beset  by  a  program  re- 
evaluation,  but  officials  estimate  it  will 
cost  about  $300  million  in  fiscal  1964. 

Also  undecided  is  what  role,  if  any  the 
Air  Force  will  play  in  the  program. 

A  decision  on  the  program  will  be 
made  in  the  next  couple  of  weeks. 
The  major  change  which  NASA  head- 

quarters is  considering  calls  for  drop- 
ping the  use  of  the  Agena  B  target  ve- 
hicle during  rendezvous.  Besides  the 

saving  in  Atlas  and  Agena  vehicles,  the 
switch  would  kill  the  need  for  two 
launch  pads  for  the  program.  Instead, 
Gemini  would  rendezvous  with  a  satel- 

lite placed  in  orbit  after  riding  piggy- 
back on  the  spacecraft  during  launch. 

The  Air  Force  has  presented  NASA 
with  a  proposal  under  which  it  would 
take  over  some  of  the  program's  later flights.  Its  argument  is  that  it  will  help 
NASA  with  its  funding  problems. 
NASA  officials  are  cool  to  the  idea.  In- 

stead, they  believe  the  better  approach 
would  be  for  the  Air  Force  to  get  DOD 
approval  of  its  own  Gemini  program. 
This  is  the  so-called  Blue  Gemini  series. 

•  Other  Apollo  Fiscal  '64  items — 
New  construction  at  the  Mississippi  Test 
Facility,  the  Launch  Operations  Center, 
Marshall  Space  Flight  Center  and  the 
Manned  Spacecraft  and  other  centers 
probably  will  require  $600  to  $800  mil- lion. 

Funds  for  the  lunar  logistic  vehicle 
— if  it  is  approved — probably  will  be  in 
the  neighborhood  of  $150  million. 
Tracking,  in-house  and  industry  studies 
of  future  programs,  advanced  research 
and  technology  will  account  for  the  re- 

mainder of  the  funds. 
The  remainder  of  the  NASA  space 

program  will  thus  have  about  $2  billion 
of  the  total  Fiscal  '64  budget.  Almost 
half  is  likely  to  be  spent  for  launch  ve- 

hicles, satellites,  and  spacecraft  for  its  un- 
manned scientific  exploration  programs. 

The  most  expensive  will  be  the  lunar 
and  planetary  programs.  The  budget  in 
this  area  may  hit  $400  million.  Other 
programs  which  are  likely  to  show  an 
increase  are  scientific  satellites  and  me- 

teorological programs.  The  extent  of  the 
ComSat  programs  will  remain  clouded 
until  the  role  of  the  new  commercial 

communications  satellite  corporation  is 
ascertained. 

While  NASA  officials  continue  to 
declare  that  the  space  agency  plans  a 
balanced  program,  it  is  clear  that  if  the 
costs  of  Apollo  are  such  that  the  budget 
squeeze  gets  tighter,  the  unmanned  area 
will  be  reduced  as  it  was  in  Fiscal  '63. 
For  Fiscal  '64,  it  has  already  cast  a 
shadow  over  the  development  of  such 
projects  as  Voyager  and  passive  com- munications satellites. 

•  Future  trend — While  NASA  is 
currently  delaying  and  postponing  cer- 

tain programs,  there  is  a  vast  number 
of  projects  which  will  provide  future 
contracting  opportunities  for  missile/ 
space  firms. The  current  projection  by  NASA 
officials  is  that  the  space  agency  budget 
will  rise  to  about  $6.5  billion  in  Fiscal 
'65.  From  that  point  through  the  end 
of  the  decade,  it  should  run  at  a  $6-7- 
billion  annual  rate.  This  will  push  total 
spending  for  space  in  this  decade  to 
about  $50  billion  and  provide  the  funds 
needed  for  the  lunar  landing  program. 

It  will  also  allow  NASA  to  phase 
in  new  projects. 

The  Lunar  Logistics  Vehicle — which 
NASA  plans  as  a  20,000-lb.  payload  on 
the  Advanced  Saturn  booster — will  be 
funded  late  in  Fiscal  '63  or  in  Fiscal 
'64.  Some  thought  also  is  being  given 
to  using  the  Lunar  Excursion  Module 
of  the  Apollo  spacecraft  as  an  early 
lunar  supply  vehicle. 

In  Fiscal  '65,  NASA  currently  plans 
to  begin  development  of  a  small — per- 

haps four-man — orbiting  space  station. 
It  would  serve  as  a  mission  module  for 
either  the  Apollo  or  the  Gemini  craft. 

In  the  Fiscal  '66-'67  period,  Nova 
and  a  large  erectable  space  station  may 
be  started.  NASA  now  considers  Nova 
a  post-Apollo  vehicle  which  will  be  used 
for  manned  interplanetary  missions  in 

the  mid-1 970's. It  has  now  also  been  placed  below 
the  orbiting  space  station  in  the  NASA 
priority  list.  The  earliest  date  for  hard- 

ware development  now  is  Fiscal  '66  at the  earliest — and  even  the  first  efforts 
may  be  funded  at  a  low  level.  How 
heavily  it  is  funded  will  depend  upon 
how  soon  a  national  decision  is  made 
to  support  manned  flights  to  Mars  and Venus. 

Some  major  unmanned  programs 
which  will  be  initiated  include  the  Aeros 
weather  satellite,  Voyager,  Surveyor 
lunar  orbiter,  and  many  new  planet  and 
solar  probes. 

One  major  consideration  will  rule 
the  rate  and  continuity  of  the  space- 
agency  budget  buildup.  This  is  usually 
put  politely  as  the  "international  situa- 

tion," but  it  is  primarily  how  the  U.S. 
stands  in  its  race  to  the  Moon  against 
Russia.  Major  new  Soviet  space  feats 
could  still  force  a  crash  program.  8 
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NASA/procurement 

New  Emphasis 

Given  to  Incentive 

Contracting 

Three-phase  contractor  source-selection 
procedure  to  cut  industry  proposal  costs 

SATURN  C-l  poised  on  Cape  Canaveral  pad  before  Nov.  16 
launch,  the  third  straight  success  for  the  nation's  mightiest  launch vehicle. 

NASA  IS  REVAMPING  its  pro- 
curement procedures  to  reduce  industry 

proposal  costs  and  put  new  emphasis 
on  the  use  of  incentive-type  contracts. 

The  space  agency  has  adopted  a 
Defense  Dept.  circular  which  directs 
procurement  officials  to  use  incentives 
rather  than  cost-plus-fixed-fee  contracts 
whenever  possible. 

To  implement  the  rule,  NASA  will 
shortly  initiate  a  vast  training  program 
for  contracting  and  technical  personnel 
on  the  use  of  incentives. 

Another  proposed  change  calls  for  a 
three-phase  contractor  source-selection 
procedure,  which  officials  say  will 
sharply  reduce  the  cost  of  industry 
proposals. 

Under  the  plan,  NASA  in  certain 
instances,  would  first  ask  10  or  12  com- 

panies to  submit  what  it  calls  a  business 
proposal.  Firms  would  be  asked  to  list 
current  facilities,  whether  new  ones 
would  be  required  to  perform  the  con- 

tract, key  personnel  and  present  work 
load. 

After  evaluation  of  the  proposals, 
two  or  three  firms  would  be  selected  to 
present  detailed  technical  bids.  A  third 

step  being  considered  would  permit  the 
firms  to  submit  their  cost  estimates  10 
days  or  two  weeks  later. 

•  Committee  consensus — The  three- 
phase  proposal  and  the  incentive  con- 

tract program  are  the  major  results  of 
a  special  in-house  space  agency  com- 

mittee charged  with  improving  source- 
selection  methods  and  contracting  pro- 
cedures. 

The  present  timetable  calls  for  sub- 
mission of  the  committee's  reports  to 

Administrator  James  E.  Webb  by  Jan.  1. 
Other  major  committee  recommen- 

dations which  are  being  considered: 
—Limiting  the  size  of  proposals  sub- 

mitted by  industry  during  procurement 
actions.  This  would  vary — depending 
upon  the  size  of  the  project — but  it 
would  primarily  set  a  ceiling  on  the 
number  of  pages  in  the  proposal. 

—Forbidding  firms  from  submitting 
working  models  as  part  of  a  bid  or 

proposal. 
—Giving  the  space  agency — for  the 

first  time — an  active  role  in  the  deter- 
mination of  a  firm's  negotiated  over- 

head allowances  and  independent  re- search costs. 

—Assuming  control  over  additional 
facilities  at  a  contractor's  plant  paid  for 
by  NASA.  Currently,  NASA  lets  DOD's contract  representatives  at  the  plant 
handle  this  function,  but  officials  now 
feel  better  control  over  costs  would  be 
permitted  if  the  space  agency  took  over 
the  job. 

•  No  flood  of  contracts  —  Space 
agency  officials  do  not  expect  the  new 
emphasis  on  incentive  contracts — under which  contractors  can  earn  an  extra 
fee  for  superior  performance— to  result 
in  a  rash  of  contracts  being  awarded. 

They  point  out  that  the  very  nature 
of  NASA's  operations  precludes  it.  That 
is,  most  of  the  agency's  procurement  is in  the  research  and  development  area, 
where  there  is  no  standard  on  which 
to  base  a  measurement  of  high  per- 
formance. 

The  officials  intend,  however,  to 
award  as  many  incentive  contracts  as 
possible.  They  say  the  opportunities  will 
grow  as  more  and  more  experience  is 
gained  in  their  use.  Five  incentive  con- 

tracts have  been  awarded  recently,  and 
procurement  officials  are  considering 
several  more. 

The  DOD  directive  has  been  re- 
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leased  as  NASA  Circular  242.  It  places 
the  responsibility  for  looking  into  the 
ways  and  means  of  increasing  the  use 
of  incentives. 

Its  most  important  section  rates  use 
of  incentives  in  second  place  in  order 
of  contract  preference — after  fixed-fee 
awards,  but  before  cost-plus-fixed-fee 
agreements.  Fixed-fee  contracts,  how- 

ever, are  almost  never  awarded  in  R&D 
work. 

The  circular  also  provides  against  ir- 
responsible use  of  incentives.  Under  its 

provisions,  centers  wishing  to  award 
such  a  contract  must  first  get  the  ap- 

proval of  the  headquarters  procurement 
office. 

•  Competition  still  welcomed — Offi- 
cials hasten  to  declare  that  the  pro- 

posed changes  in  the  area  of  source 
selection  will  not  lessen  competition  for 
NASA  procurement. 

'"We  still  intend  to  have  competition 
and  interested  firms  will  always  have  an 

opportunity  to  bid,"  one  official  said. 
The  changes  are  designed,  he  added, 

to  reduce  the  company's  cost  of  sub- 
mitting bids.  By  delaying  the  company's cost  proposal,  the  agency  hopes  to  get 

Center 

NASA  Headquarters 

Headquarters 
Procurement  Br. 

Ames 

Langley 

Goddard 

Jet  Propulsion  lab. 

Western  Operations 

Flight  Research 
Wallops 

Marshall 

Lewis 

launch  Operations 

Manned  Space- 
craft Center 

Space  Nuclear 
Propulsion  Off. 
Northeastern 
Contracting  Off. 
Alichoud 

"  limit  after  which  Headquarters  approval  is  n 
f — not  applicable 

more  reliable  estimates. 
At  the  same  time,  NASA  expects 

that  changes  in  negotiated  overhead  and 
facility  management  will  give  it  more 
control  over  costs  and  its  contracts.  In 
the  past,  the  space  agency  has  primarily 
relied  on  DOD  to  perform  the  function. 

Under  the  procedure,  DOD  officials 
decide  at  the  beginning  of  each  fiscal 
year  just  what  a  defense  or  missile/ 
space  firm's  overhead  allowance  is  to 
be.  It  also  decides  just  how  much  of 

the  company's  independent  research 
the  government  should  pay  for.  These 
costs  are  then  included  in  company  bids 
and  contracts  as  allowable  costs. 

NASA  now  intends  to  make  itself  a 
party  to  these  negotiations.  The  same 
situation  prevails  in  the  facility  area. 

Currently,  if  a  contractor  needs  a 
new  facility  for  its  NASA  contracts, 
NASA  pays  for  it.  It  is  usually  managed 
by  DOD,  however,  under  facility  con- 

tracts which  the  Pentagon  has  with 
most  major  firms.  NASA  also  intends  to 
do  more  of  the  management  in  this 
area. 

•  Two  standbys  —  Despite  the 
changes  in  various  procedures,  NASA 

w  ill  not  make  any  major  revision  of  the 
two  types  of  contracts  used  most. 

The  fixed-price  contract  is  the  most 
frequently  used,  and  is  preferred  for  the 
procurement  of  goods  and  services  that 
can  be  clearly  described.  This  type  of 
contract  can  be  used  for  either  formally 
advertised  bids  or  negotiated  procure- 

ment. There  are  also  occasions  when  a 

fixed-price  or  "lump-sum"  contract  may 
be  employed  for  the  support  of  research. 

In  arranging  a  fixed-price  contract, 
provision  may  be  made  for  special 
situations.  An  example  might  be  the 
use  of  price  redetermination — when  the 
performance  of  the  contract  may  in- 

volve large  contingencies  or  uncer- 
tainties in  cost,  such  as  first-time 

production  runs. 
The  cost-type  contract  is  often  used 

when  there  are  a  number  of  "unknowns" 
in  a  program,  such  as  research  and  de- 

velopment. For  example,  NASA  may  use 
a  cost-type  contract  to  support  either 
basic  or  applied  research  which  has  a 
fixed  objective  and  a  deadline  for  com- 

pletion. A  cost-type  contract  would,  in 
such  circumstances,  protect  against  as- 

sumption of  unwarranted  financial  risks 
due  to  technical  uncertainties.  8 
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Launch   complex   for  Scout  and  Sounding 
Rocket  Programs 

Large  launch  vehicles 

Propulsion 
Launch  complexes,  R&D  for  launch  facilities 

and  fuel  storage 
Manned  spacecraft 

Nuclear  rockets  and  nuclear  systems 

Industry-university     relationships,  contract 
management 

Launch  vehicle  production 

ecessary. 

Small  Business Procurement  Chief  Advisor 

Ernest  W.  Brackett, 
Director 

Albert  A.  Clagett 

A.  S.  Hertzog 

Sherwood  L.  Butler 
Gordon  H.  Tyler 

Ted  Candee 
Earle  Sample 

Morris  E.  Bowling 

Louis  T.  Birch 

Wilbur  S.  Davis 
John  Biggs 

Gerard  A.  Michaud 

David  W.  Lang,  Jr. 

George  Kimble 

Franklin  W. 
Phillips,  Dir. 
None  selected 

Jacob  M.  Roey 

E.  W.  Quintrell 

Donald  E.  Davis 
Joseph  F.  Braig 

Harry  T.  O'Toole 
G.  R.  Lawrence 
Alex  Mirosov 

Lloyd  J.  Walsh 
Robert  14.  Bradford 

James  E.  Morrison 

Norman  C.  Prahst 

Carl  J.  Dahl 

Harold  Christian 

Contracting 

Limitations* 

$500,000 

$100,000 

$500,000 
$500,000 
No  Limitation 

$1  million 

$100,000 
$100,000 

$1  million 

$500,000 

$250,000 

$1  million 

None  selected 
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Photo  —  Courtesy  of  Ball  Brothers  Research  Corporation 

Inland  Gearless  Torquers  help  keep 

"0S0"  instruments  locked  on  the  sun 
Orbiting  Solar  Observatory  satellites —designed, 
developed  and  built  by  Ball  Brothers  Research 
Corporation  for  NASA  to  conduct  as  many  as  1 6 

separate  studies  of  the  sun's  radiation.  Success 
depends  on  pointing  scientific  instruments  at  the 
center  of  the  sun  with  accuracy  approximating  one 
minute  of  arc. 

Two  Inland  Gearless  Torque  Motors  play  major 

roles  in  "OSO"  servo-positioning  systems.  One 
motor  keeps  the  instruments  pointed  toward  the 
sun  in  azimuth;  the  second  provides  fine  control  in 
elevation.  Both  motors  are  controlled  by  photo- 

voltaic sun  sensors. 

Fast,  accurate  response  to  servo-position  error 
signals  is  one  reason  why  Inland  Gearless 

Torquers  win  so  many  missile  and  space-vehicle 
assignments.  Their  high-resolution  performance 
comes  from  torque-to-inertia  ratios  10  times 
higher  than  equivalent  gear-train  servo  motors. 
Moreover,  the  compact  pancake  configuration  of 
Inland  Direct-Drive  Torque  Motors  overcomes 
stringent  weight  and  space  limitations. 
What's  your  problem?  If  you're  currently  working 
on  a  servo  system  calling  for  output  torque  between 
0.04  and  3,000  pound-feet*,  compare  Inland  Gear- 

less Torquers  with  any  alternative.  Write  for  facts. 
*Even  higher  torque  output  levels  can  be  provided. 

FINLAND 

CO  RPORATIO  N A  SUBSIDIARY  OF 
KOLLMORGEN  CORP. 
NORTHAMPTON,  MASS. 

Circle  No.  56  on  Subscriber  Service  Card 
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Chemical,  Mechanical,  Aeronautical,  Electronic 
Engineers/Chemists/Physicists/Mathematicians 
At  ALLEGANY  BALLISTICS  LABORATORY,  operated  by 
Hercules  Powder  Company  for  the  Navy  since  1945, 
wide  ranging  R&D  programs  are  aimed  at  advancing 
the  state  of  the  art  in  all  phases  of  rocketry,  to  meet 
the  need  for  hotter  propellants  and  a  new  order  of 
precision  in  guidance  and  control.  □  This  is  a  stimu- 

lating, interdisciplinary  effort.  The  scientist  and  Engi- 
neer at  ABL  works  in  close  collaboration  with  specialists 

in  many  other  fields,  in  an  invigorating  atmosphere  of 
success.  Past  achievements  include:  Deacon,  Talos, 
Terrier,  Nike  rockets  and  boosters;  last  stage  motors 
for  Polaris  A-2  and  A-3;  the  ALTAI R  motor,  which  has 
furnished  critical  upper  stage  propulsion  for  over  50  I 
successful  launchings  of  satellites,  space  probes  and  I 
test  vehicles.  □  Previous  rocket  experience  is  not  essen- 

tial for  many  of  these  positions.  Demonstrated  capa- 
bility in  your  discipline  is  the  prime  criterion  for  an 

assignment  in  one  of  the  areas  below. 

Hi 

QUEST . 

for  a  new  ovVS£5f 

THRUST &CO^R0L 

ADVANCED  DESIGN  RESEARCH  (BS, 
MS,  PhD).  Studies  for  advanced  rocket 
systems  to  establish  system  concepts  and optimize  preliminary  design  criteria. 
MECHANICAL  DESIGN  RESEARCH 
(BS,  MS,  PhD).  Of  materials  behavior,  ex- haust gas  control,  insulation.  Hardware 
feasibility  studies  for  future  systems. 
DESIGN  AND  DEVELOPMENT  (BS,  MS). 
Of  complete  rocket  motors,  including  pres- sure vessels,  nozzles,  all  accessories.  Ex- perience in  fluid  flow,  stress  analysis,  heat transfer,  and  mechanics  desirable. 
COMBUSTION  RESEARCH  (MS,  PhD). 
Theoretical  and  applied  studies  of  com- bustion process  in  rocket  chamber  under firing  conditions. 
GAS  DYNAMICS  (MS,  PhD).  Analytical and  experimental  studies  of  particle  flow, nozzle  efficiency,  altitude  performance 
parameters,  thrust  magnitude  and  vector control. 
PROPELLANT  RESEARCH  (MS,  PhD). 
Theoretical  and  experimental  investigations 
of  propellant  detonability,  bonding  charac- 

teristics, propellant  formulation,  morphol- ogy and  rheology  of  filled  solid  polymers and  slurries,  stress  analysis. 
STRESS  ANALYSIS  (BS,  MS,  PhD).  Anal 
ysis  of  filament-wound  pressure  vessels and  rocket  motor  components. Write  in  confidence  to:  Mr.  W D.  Linkenhoker,  Dept.  3L-4 

ENGINEERING  SPECIALISTS  (BS,  MS, 
PhD).  8-10  years  experience;  analysis,  heat 
transfer,  systems  analysis,  missile  ballis- tics, internal  rocket  ballistics,  insulation, fluid  dynamics. 
INSTRUMENTATION  (BS,  MS).  Design and  develop  instrumentation  to  obtain  data 
from  static  firing  tests,  entire  cycle  from 
sensing  devices  on  motor  to  data  collecting mechanisms.  Design  and  develop  process 
instrumentation  for  production  of  propel- lants and  component  chemicals. 
PROCESS  ENGINEERING  (BS,  MS).  De- sign improved  material  handling,  molding, 
tooling  and  process  equipment  for  propel- lant and  rocket  manufacturing. 
TEST  ENGINEERING  (BS,  MS).  Build and  analyze  static  firing  test  stands  and associated  hardware.  Recommend  range 
handling  and  operating  equipment  includ- ing environmental  test. 
ACOUSTICAL  PHYSICS  (MS,  PhD).  Ana lyze  behavior  of  burning  rockets  under various  acoustical  phenomena. 
DATA  REDUCTION  (BS,  MS).  Prepare 
calculation  systems  for  programming  com- plex data  into  IBM  7074  computer. 
STATISTICS  (MS,  PhD).  Apply  statistical 
methods  to  quality  control,  reliability,  re- search test  procedures  and  analyses  of 
test  data. 

FOR  BUREAU  OF  NAVAL  WEAPONS 
CUMBERLAND,  MARYLAND 

Tke  Nation's  Foremost  Rocket  Research  Laboratory 
All  qualified  applicants  will  receive  consideration  for  employment  without  regard  to  race,  creed,  color  or  national  origin. U.S.   CITIZENSHIP  REQUIRED. 
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SPACE  AND  VACUUM/ RELATED/SYSTEMS  AND  DEVELOPMENTS  INCLUDING 

10-9  EVAPORATORS  f0-'°  BEAMING  TESTERS 
3PACT  SIMULATORS ~  ~mAR  SIMULATORS 

-UTOttffiH  VACtlttM  ARC  IMAGE  FURNACES 
SYSTEMS 

GAUGE  CALIBRATORS 

You  ore  invited  to  visit  our  booth  at  the  Institute 

SPACE  ENVIRONMENTAL 

TESTING 

of  Environmental  Sciences  1963  Meeting4 
and  discuss  your  projects  with  members  of  our  Engineering  Staff. 

mt.  vernon  research  company/£§"4  7 431 2  wheeler  avenue,  alexandria,  Virginia  phone:  548-3700 

Circle  No.  57  on  Subscriber  Service  Card 

53 



One  of  the  unchanging  objectives  of  Lockheed  Propulsion  Company: 

advanced  propulsion  systems  for  planetary  exploration 

Lockheed  Propulsion  has  steadily  broadened  its  range 
of  capabilities  since  it  was  originally  organized  to  per- 

form research  on  solid  propellants  and  their  applica- 
tions. In  1959,  the  company  became  engaged  in  research 

and  development  of  hybrid  rocket  motors  with  "start- 
stop-restart"  capability  for  outerspace  use.  Other 
advanced  programs  include :  ultra  high-performance 
solid  propellant  upper  stages  and  space  motors.  What- 

ever the  propulsion  problem  —  for  defense,  commercial 
use,  or  peaceful  exploration  —  look  to  the  men  and  facil- 

ities of  Lockheed  Propulsion. 
scientists  and  engineers:  If  you  have  the  talent  and 

training  for  this  work,  Lockheed  Propulsion  has  im- 
portant opportunities  for  you.  The  company's  location 

in  Southern  California's  new  and  rapidly  developing 
aerospace  center  provides  you  with  the  opportunity  to 
work  with  the  industry's  best  minds.  The  Lockheed 
Propulsion  Company  facility  is  just  minutes  from  two 

of  California's  leading  universities.  And  living  in  Red- 
lands,  you  will  be  halfway  between  Los  Angeles  and 
world-famed  mountain  and  desert  recreation  areas. 

Openings  for  solid  propellants  and  hybrid  rocket 
motor  research  and  development  are  immediately  avail- 

able in  the  following  fields :  Chemistry  —  Inorganic, 
Physical,  Analytical  and  propellant;  Physics  and  Math- 

ematics —  Viscoelastics,  Mechanics,  Engineering  Math- 
ematics; Engineering  —  Design,  Stress,  Materials, 

Thermodynamics,  Heat  Transfer  and  Ballistics. 
Send  resume  to:  Mr.  David  Kieselbach,  Personnel 

Manager,  Dept.  5211,  P.O.  Box  111,  Redlands,  Califor- 
nia. An  equal  opportunity  employer. 

LOCKHEED 

PROPULSION 

COMPANY 
A  SUBSIDIARY  OF  LOCKHEED  AIRCRAFT  CORPORATION 

REDLANDS,  CALIFORNIA 
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NASA/apollo 

LEAA  Decision  Speeds  Lunar  Program 

Signing  of  detailed  contract  with  Grumman  expected  in  middle 

of  December;  first  subcontracts  should  be  let  early  next  year 

AWARD  of  the  Lunar  Excursion 
Module  contract  to  Grumman  Aircraft 
Engineering  Corp.  marks  final  commit- 

ment of  the  $20-billion  Project  Apollo 
program  to  lunar-orbital  rendezvous. 

Some  formidable  technical  problems 
still  remain  before  a  pair  of  U.S.  astro- 

nauts step  on  the  lunar  surface  late  in 
this  decade.  Nevertheless,  Administration 
endorsement  of  the  LOR  decision  means 
the  program  can  now  move  ahead  at 
full  speed  in  the  race  to  beat  the  Rus- 

sians to  the  Moon. 
Last  week,  Grumman  President  E. 

Clinton  Towl  led  the  first  of  a  60-man 
team  of  technical  and  administrative 
personnel  into  the  Manned  Spacecraft 
Center  at  Houston  to  begin  negotiation 
with  NASA  on  LEM  details. 

Signing  of  a  detailed  LEM  contract 
is  expected  in  mid-December.  First  sub- 

contract awards  in  this  area  are  likely 
early  in  1963. 

Grumman  thus  becomes  the  third 
major  partner  in  a  smoothly  functioning 
team  which  already  includes  North 
American  Aviation  and  NASA. 

President  Harrison  Storms  of  NAA's 
Space  and  Information  Systems  Divi- 

sion, prime  contractor  for  the  Apollo 
Command  and  Service  modules,  puts  it 
this  way:  "Our  team  and  the  NASA  team 
finally  are  beginning  to  work  closely 

together.  It's  becoming  a  one-team  ap- proach. It  always  takes  a  while  to  get 
everyone  oriented.  But  you  can  see  that 

they  are  moving  as  a  unit  now." Grumman  will  be  welded  strongly 
into  that  unit.  As  Storms  sees  it,  the 
delay  in  award  of  the  LEM  contract 
may  have  simplified  the  management 
problem.  Linking  Grumman  to  an  al- 

ready-existing NASA-NAA  team  will 
be  easier  than  it  would  have  been  to 
initially  meld  three  separate  teams. 

•  NAA  looked  ahead  —  North 
American  already  is  well  down  the  road 
on  design  changes  required  in  the  Com- 

mand and  Service  modules  by  the  LOR 
approach.  Without  awaiting  the  LEM 
award,  NAA  began  the  necessary 
changes  last  July  when  NASA  an- nounced its  initial  LOR  decision. 

Some  major  problems  still  must  be 
solved.  Not  the  least  of  these  is  the 
question  of  how  the  LEM  craft  will 
be  shifted  in  space  from  its  launch 
position  beneath  the  Service  Module  to 
a  frontal  connection  with  the  Command 
Module. 

There  are  several  possible  solutions: 
•  The  lunar  bug  might  be  discon- 

nected in  flight  from  the  other  modules, 
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which  then  would  be  turned  around  to 
dock  with  it. 

•  LEM  could  be  moved  forward  by 
mechanical  arms. 

•  It  could  be  towed  around  on  a 
line,  in  much  the  same  way  a  dinghy 
is  walked  around  a  yacht. 

This  transfer  must  be  made  early  in 
the  lunar  trip.  LEM  in  its  launch  posi- 

tion is  in  the  way  of  the  thrust  units 
which  will  be  employed  for  mid-course 
correction  and  also  injection  into  lunar 
orbit. 

Ample  time  also  must  be  provided 
for  the  astronauts  to  pre-flight  the 
module  before  lunar  descent. 

Although  final  details  of  the  bug  still 
are  to  be  worked  out,  its  general  con- 

figuration is  known.  LEM  will  look  not 
unlike  a  helicopter,  with  good  visibility 
for  maneuvering  close  to  the  lunar  sur- 

face. Ten  feet  in  diameter,  it  will  stand 
some  10  ft.  high  on  its  five  spindly  legs. 
It  will  leave  the  lower,  landing  segment 
behind  on  launch  from  the  Moon  to 
rendezvous  with  the  Apollo  spacecraft 
orbiting  above. 

Overall  initial  weight  will  be  about 
12  tons.  Launch  weight  from  the  Moon 
will  be  about  four  Earth-tons.  Two  as- 

tronauts will  ride  the  bug  to  the  lunar 
surface  while  a  third  remains  in  orbit 
with  the  Command  and  Service  modules. 

LEM  will  be  left  in  lunar  orbit  when 
the  astronauts  return  to  Earth. 

One  of  the  intriguing  design  factors 
in  LEM  is  the  fact  that  it  will  be  the 
first  true  spacecraft  in  the  sense  that  it 
will  operate  only  in  space.  It  will  be 
subjected  to  Earth  g-loads  only  on 
launch. 

Changes  have  been  necessary  in  both 
the  Command  and  Service  modules  as 
a  result  of  the  LOR  decision.  Among 
these : 

•  Size  of  the  Service  Module  has 
increased  slightly  to  a  length  of  155  in. 
(without  adapter) .  This  results  from  the 
need  to  carry  the  additional  weight  of 
the  bug,  although  there  was  some  trade- 

off due  to  elimination  of  the  Service 
Module  landing  requirement. 

•  Size  of  radiators  for  environ- 
mental control  has  been  somewhat  re- 

duced. 
•  Insulation  requirements  of  the 

two  large  modules  are  less. 
•  Requirements  for  repeated  entry 

and  exit  from  the  Command  Module 
are  reduced. 

•  Fixed  radiators  will  be  employed 
in  place  of  extendable  arms,  a  simplifi- 

cation permitted  by  reduction  of  g-load- 
ing  of  the  Service  Module.  This,  inci- 

dentally, is  true  for  a  great  deal  of 
Command  and  Service  module  equip- 

ment which  no  longer  must  be  designed 
to  withstand  landing  shocks. 

•  Empty  weight  of  both  the  Com- 
mand and  Service  modules  has  been 

reduced. 

•  Two  adapters  to  the  Saturn 
launch  vehicle  now  will  be  built,  one 
for  use  when  the  bug  is  carried  and  one 
to  be  employed  when  it  is  not. 

•  LOR  ramifications  —  Extensive 
studies  are  underway  to  determine  the 
wide-ranging  effect  of  the  LOR  decision. 
Requirements  must  be  drawn  up  for 
equipment  for  rendezvous  in  lunar  orbit, 
fuel  requirements  for  both  the  bug  and 

the  orbiting  spacecraft  must  be  deter- mined. 

"This  thing  is  not  simple,"  asserts 
Charles  Feltz,  NAA  chief  engineer  for 
Project  Apollo,  in  one  of  history's  great 
engineering  understatements.  But  he 
says  the  project  has  run  into  no  more 
design  and  engineering  problems  than 
might  be  expected  at  this  stage. 

Analytical  changes  have  been  even 
more  extensive  than  design  changes. 
Mission  requirements  have  increased  to 
include  Earth  orbit,  trans-lunar,  lunar 
orbit,  lunar  landing  and  takeoff,  lunar 
rendezvous,  return,  re-entry  and  recov- 

ery phases.  Abort  planning  also  has  been 
undertaken  for  all  phases. 

North  American  is  well  along  on 
tooling  and  building  of  boilerplate 
models.  First  actual  Apollo  hardware 
will  begin  to  take  shape  at  the  Downey, 
Calif.,  plant  after  the  first  of  the  year. 

Some  subcontractors  are  even  fur- 
ther down  the  road.  Aerojet-General 

for  example,  already  has  chalked  up 
several  successful  firings  of  the  proto- 

type propulsion  unit  for  the  Apollo 

spacecraft. This  is  the  engine  which  will  be 
used  for  mid-course  guidance,  lunar  in- 

jection and  ejection  into  an  Earth- 
return  trajectory.  Tests  have  been  aimed 
at  establishing  re-start  capability,  relia- 

bility and  long-duration  burning. 
Aerojet  has  fired  a  full-scale  proto- 

type engine  with  an  ablative  thrust- 
chamber  assembly  on  runs  of  up  to  50 
sec.  A  smaller  sub-scale  engine  success- 

fully completed  a  test  run  of  1020  sec. duration. 

This  is  but  one  of  many  subcon- 

PROTOTYPE  of  main  engine  for  Apollo  service  module  gets 
final  inspection  before  firing  at  Aerojet-General,  Azusa,  Calif. 

ENGINE  IS  test  fired  for  50  sec.  This  prototype  uses  storable 
liquid  propellants  and  an  ablative  thrust  chamber  assembly. 
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Our  RESEARCH  constantly  strives  for 
new  developments  to  increase  the  versa- 

tility of  our  line  of  soluble  precious  metals 
for  electroplating,  and  to  improve  the 
QUALITY  of  those  now  in  production 
which,  already  the  best  in  the  field,  has 
attracted  our  many  customers. 
And  behind  these,  the  ultimate  in 

SERVICE  has  kept  them. 

OROTEMP  24^  .  .  24Kt  Neutral  Gold,  satin 
bright,  stress  Iree  deposit.  Extremely  ductile  and 
tight  grained.  Heat  and  corrosion  resistant. 

OROTHERM  HT  "  Heat  resistant  24Kt Acid  Bright  Gold,  extremely  low  porosity,  hard and  ductile. 

OROSENE  999®  .  .  24Kt  Acid  Bright  Gold, tight  grain,  superior  throwing  and  leveling  power. 

OROMERSE®.  .  A  neutral  Immersion  Gold. 
Plates  direct  on  copper,  brass,  nickel,  iron,  lead and  solder. 

HG  BRIGHT  GOLD  . .  23+Kt  Low  Stress. 
Hard  and  Bright  operates  at  room  temperature, 
without  free  cyanide. 

INDUSTRIAL  24KT  GOLD®  .  Ultra 
Pure  Aqueous  Potassium  Gold  Cyanide  for  soft 
stressless  pure  gold  electroplates. 

For  complete  data: 
Write,  phone,  wire  or  TWX 

Technic 
inc 

_2  > 
P.O.Box  965       Providence,  1  R.I. 

STuarl  1«6100 
Plant:  Cranston,  R.  I. 

FULL-SCALE  Apollo  boilerplate  test  model  undergoes  flotation  tests  in  Pacific  Ocean 
near  Los  Angeles.  From  here,  model  went  to  NASA's  Manned  Spacecraft  Center, 
Houston,  Tex.,  for  additional  testing.  Manned  flight  is  scheduled  for  late  1964. 

Chicago  Office:     7001  North  Claft  Street 

traded  units  which  must  be  phased  into 
a  complex  Apollo  time  schedule. 

•  PERT  system  applied — The  well- 
accepted  PERT  management  technique 
is  being  used  throughout  the  project. 
This  network  is  just  beginning  to  func- 

tion and  SIDS  President  Storms  says 
it  still  is  too  early  to  tell  what  PERT 
will  mean  to  the  project.  He  is  wary  of 
a  tendency  to  over-credit  PERT. 

"PERT  only  says  where  the  troubles 
are,"  he  points  out.  "People  take  care 
of  the  troubles." The  recent  cost  reduction  drive  on 
Apollo  has  had  a  healthy  effect  on  the 

program,  in  Storms'  view.  "It's  good 
that  these  things  occur.  It's  good  busi- 

ness management." This  was  confirmed  by  director 
Robert  Gilruth  of  the  Manned  Space- 

craft Center,  who  told  Missiles  and 
Rockets  that  Apollo  schedules  have 
not  been  affected  by  the  NASA  financial 
re-programing.  Some  luxuries  are  com- 

ing out  of  the  project — some  simulation 
and  test  programs  are  being  cut,  for 
example — but  the  schedule  still  calls 
for  Little  Joe  flights  with  the  Apollo 
spacecraft  in  1963  and  the  first  manned 
flight  in  late  1964,  using  the  Saturn C-1B. 

The  budget  for  LEM  in  fiscal  '63 is  between  $45  and  $60  million.  This 
will  expanded  to  more  than  $180  million 
in  FY  '64.  Total  Apollo  funding  in  the 
FY  '63  budget  is  between  $350  and $400  million.  It  will  total  more  than 

$800  million  in  FY  '64. The  protracted  scientific  argument 
over  the  feasibility  of  lunar  orbital  ren- 

dezvous in  the  Apollo  program  has  not 
unduly  delayed  the  project,  according 
to  those  close  to  it. 

Any  hardware  delay  incurred  from 

the  shift  to  LOR  took  place,  for  the 

most  part,  before  NASA's  decision  last 
July.  This  was  early  enough  in  the  pro- 

gram so  that  it  did  not  represent  a 
major  problem.  LEM  itself  is  not  the 
pacing  item  in  the  project. 

•  LOR  advantages — NASA  feasi- 
bility studies  indicated  that  all  three 

methods  of  approach  to  the  Moon  were 
feasible — direct  ascent,  earth  orbital 
rendezvous  and  lunar  rendezvous.  It 
thus  came  to  a  choice  of  which  offered 
the  greatest  advantages. 

Apollo  boss  D.  Brainerd  Holmes 
points  out  these  for  LOR: 

•  It  is  fastest.  At  this  stage,  LOR 
offers  a  6  to  15  month  gain  over  Earth 
rendezvous  and  one  year  over  direct 
ascent.  The  possibility  exists  of  an  18- 
month  time  lag  if  a  change  to  one  of 
the  other  methods  is  forced  now  or  later. 

•  It  is  cheapest.  Holmes  estimates 
that  the  lunar  landing  can  be  achieved 
with  LOR  some  10  to  15%  cheaper 
than  Earth  orbital  rendezvous — a  saving 
of  more  than  $2  billion  in  the  program. 
This  is  particularly  important  in  view 
of  the  current  economy  wave  in  NASA 

programs. •  It  separates  from  an  engineering 
standpoint  the  two  toughest  assignments 
in  the  program.  Grumman  can  concern 
itself  with  the  problem  of  lunar  descent 
and  ascent,  while  North  American 
tackles  the  design  for  re-entry  and  Earth 
landing.  Both  of  the  other  methods 
would  require  engineering  a  capability 
for  both  into  a  single  vehicle. 

Some  advantage  has  also  been  found 
organizationally  in  the  LOR  approach. 
The  interfaces  have  worked  out  cleanly. 

Another  factor  affecting  the  LOR 
decision  was  the  realization  that  direct 
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ascent  with  the  Saturn  C-5  and  a  smaller 
capsule  was  too  marginal  from  a  weight 
standpoint  to  allow  any  growth  potential 
to  meet  possible  engineering  emer- 
gencies. 

Use  of  cryogenics  would  have  been 
mandatory  for  direct  ascent.  With  the 
LOR  approach,  storables  can  be  used 
with  a  margin  for  growth.  If  necessary, 
a  shift  can  be  made  to  cryogenics. 

On  mission  success  and  safety  prob- 
abilities, LOR  scored  equal  with  the 

other  methods  and  with  a  good  chance 
of  bettering  the  odds. 

LOR  also  offered  the  advantage  of 
a  step-at-a-time  approach  to  the  lunar 
mission.  After  Earth  orbital  efforts  have 
been  successful,  the  spacecraft  then  can 
embark  on  a  circumlunar  mission.  With 
this  accomplished,  injection  into  a  lunar 
orbit  and  return  to  Earth  can  be  carried 
out  on  a  later  mission.  This  can  be  fol- 

lowed by  missions  in  which  LEM  will 
be  landed  by  remote  control.  After  each 
of  these  steps  has  been  accomplished, 
a  team  of  astronauts  can  land. 

•  Apollo's  versatility  —  LOR  also 
has  another  attraction.  NASA  already 
is  considering  use  of  LEM  as  a  substi- 

tute for  the  Lunar  Logistics  Vehicle.  It 
could  be  employed  for  landing  supplies 
on  the  Moon  in  missions  before  the 
manned  landing. 

NASA  also  is  considering  the  pos- 
sibility that  it  might  use  the  Apollo 

program  as  a  cheap  route  to  fulfilling 
its  desire  for  a  manned  space  station. 
This  would  be  accomplished  by  using 
empty  Apollo  service  modules  for  the 
station. 

Holmes  believes  the  Apollo  mission 
can  be  accomplished  within  the  original 
estimate  of  $20  billion.  He  emphasizes, 
however,  that  this  is  simply  for  a  single 
lunar  landing  and  return.  It  does  not 
include  cost  of  a  follow-on  lunar  pro- 

gram or  some  of  the  other  missions  it 
might  be  desirable  to  accomplish  en- 
route  to  the  achievement  of  a  lunar 
landing — such  as  development  of  an 
orbital  space  station  or  the  Nova  vehicle. 

The  Apollo  Command  and  Service 
modules  are  being  designed  so  that  it 
will  be  a  relatively  simple  matter  to  re- 
engineer  them  for  direct  ascent  landings 
on  the  Moon  should  later  launch  vehi- 

cle growth  make  this  desirable.  Such 
landings  are  not  yet  within  the  scope  of 
the  $20  billion  program. 

Technical  solutions  cannot  yet  be 
sought  for  some  of  the  problems  Apollo 
will  face.  In  such  areas  as  radiation 
and  meteorite  hazards,  not  enough  is 
known  to  provide  sufficient  design  cri- 

teria. Much  of  the  information  of  this 
type  will  have  to  come  from  the  Gemini 
program — one  reason  Apollo  planners 
are  concerned  with  the  effect  of  budget 
cuts  on  Project  Gemini.  8 
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has  immediate  openings 

in  expanding  aerospace  programs 

Environmental  Systems  Test  Engineers 
A  responsible  position  is  open  in  total  system  testing  of  space  environ- 

mental control  systems.  This  position  requires  a  minimum  of  3  years 
component,  subsystem  or  system  test  experience  in  sophisticated  test  labo- 

ratory. Must  understand  system  flexibility  from  safety  standpoint.  Work 
involves  high  pressure  pneumatics,  fluid  and  gaseous  flows.  Degree  or 
equivalent  essential. 

Design  Engineers  &  Checkers  for  Space 

Environmental  &  Cryogenic  Systems 
Openings  exist  for  experienced  board-type  designers  and  checkers  for 
work  on  complete  environmental  control  systems,  heat  exchangers, 
pneumatic  valves,  C02  absorbers,  ducting,  etc.  Degree  required  and 
cryogenic  and  pneumatic  valve  experience  is  highly  desirable. 

Design  Engineers  &  Checkers,  Electromechanical 
\^ork  on  highlv  loaded  gear  trains,  servomechanism  systems  for  gear 
boxes  and  actuators.  Requires  a  strong  background  in  electromechanical 
board  design,  with  emphasis  on  high  temperature  materials  and  require- 

ments. B.S.M.E.  or  equivalent  required. 

Heat  Transfer  Development  Engineers 
Involves  work  on  sophisticated  heat  transfer  devices  for  space  and  air- 

craft environmental  control  systems.  These  precision  systems  require 
knowledge  in  manufacturing  processes  such  as  forming,  welding  and 
brazing.  B.S.  required. 

Preliminary  Design  Specification  Writers  for 

Environmental  Control  Systems 
Involves  review  and  analysis  of  customer  specifications  for  space  and  air- 

craft environmental  control  systems.  Includes  some  specification  writing. 
Engineering  degree  is  highly  desirable  and  a  minimum  of  a  2  year  engi- 

neering education  is  essential. 

Aerodynamicists 
B.S.  to  Ph.D.  level  aerodynamicists  required  for  advance  work  in  high 
speed  radial  compressors  and  turbines.  Involves  many  new,  as  well  as 
standard,  aerospace  applications  using  broad  range  of  working  fluids. 

Stress  &  Vibration  Analyst 
B.S.  to  Ph.D.  level  needed  for  work  on  turbine  and  compressor  design 
problems,  cast  and  sheet  metal  structures,  pressure  vessels,  critical  speeds 
and  temperature  analysis.  Knowledge  of  experimental  techniques  and 
problem  solving  with  electronic  computers  is  highly  desirable. 

•  Garrett  is  an  equal  opportunity  employer 

Please  send  complete  resume  to 
Tom  Watson  —  Department  6 

AIRESEARCH  MANUFACTURING  DIVISION 

9851  So.  Sepuheda  Blvd..  Los  Angeles  9,  California 
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NASA/gemini  and  mercury 

Gemini  Program  Cut  Back 

In  Funds,  Lengthened 

Initial  funding  cannibalized  by  Apollo;  Agena  D  may  be 

dropped;  Air  Force  presses  for  share  in  later  stages 

REPROGRAMING  of  NASA  funds 
has  converted  Project  Gemini  from  an 
18-month  to  a  22-to-24-month  program. 
Also  in  prospect  is  at  least  one  major 
change  in  technical  approach. 

Contractor  estimates  for  Gemini  for 
Fiscal  Year  1964  totalled  some  $300 
million.  This  has  now  been  cut  to  $230 
million. 

As  Director  Robert  Gilruth  of 

NASA's  Manned  Spacecraft  Center 
points  out,  the  money  to  keep  Apollo 
on  schedule  had  to  come  from  some- 

where, and  it  was  taken  out  of  the 
budget  for  Gemini — which  he  describes 
as  an  "interim"  program. 

•  Agena  may  go — Use  of  Agena  D 
as  a  rendezvous  vehicle  in  the  Gemini 
program  is  in  question;  whether  it  will 
be  dropped  or  retained  is  to  be  decided 
before  the  year  ends.  Some  quarters  in 
NASA  are  proposing  rendezvous  with 
a  pod  carried  into  space  aboard  the 
Gemini  launch  vehicle  and  inserted  into 
a  similar  orbit  for  use  in  practicing 
docking  techniques. 

High  NASA  officials  reportedly  were 
skeptical  of  the  plan  at  first,  but  now 
seem  more  receptive.  There  is  a  distinct 
possibility  therefore  that  the  Agena 
portion  of  the  program  will  be  com- 

pletely discarded,  thus  saving  an  esti- 
mated $100  million  in  program  funds. 

The  savings  would  be  realized  through 
reduced  launches  required,  elimination 
of  need  to  modify  a  launch  complex  at 
Cape  Canaveral,  and  similar  hardware 
and  development  reductions. 

Proponents  of  the  pod  idea  say  it 
would  have  the  same  docking  collar  as 
the  Agena-D  and  that  this  is  the  prime 
requisite  for  docking  practice.  A  pod 
would  be  a  simpler  target  vehicle,  but 
would  have  an  attitude  control  system 

and,  to  some  extent,  its  own  propulsion 

system. An  informed  source  said  the  prime 
objectives  of  the  Gemini  program  are 
to  demonstrate  rendezvous  and  docking 
techniques,  orbital  maneuvering  capabil- 

ity and  the  paraglider  system.  "We asked  ourselves  what  the  Agena  D  adds 
to  our  ability  to  carry  out  these  ob- 

jectives, and  the  answer  was:  'very  lit- 
tle,' "  he  said,  "and  if  we  want  to  dem- 

onstrate dual-launch  capability,  all  we 
have  to  do  is  launch  a  useful  scientific 
satellite,  follow  it  with  the  Gemini 

within  our  allowable  'window,'  and have  the  astronauts  bring  back  the 

information." Even  the  pod  might  carry  some  use- 
ful scientific  instrumentation  or  radia- 
tion emulsion  packages  which  could  be 

returned  to  Earth  by  the  Gemini  crew, 
he  added,  pointing  out  that  such  an 
arrangement  would  be  used  only  as  a 
bonus  to  the  original  objective  of  prac- 

ticing the  docking  techniques. 
One  important  factor  which  may  in- 

fluence the  decision  on  Agena  is  the 
Air  Force's  desire  to  retain  it  in  the 
program.  AF  wants  Agena  in  the  pro- 

gram because  of  its  propulsion  capabil- 
ity, which  would  allow  greater  latitude 

for  future  satellite-inspection  missions. 
One  observer  commented,  however,  that 
the  Air  Force  could  attain  this  objective 

by  getting  its  own,  "Blue  Gemini"  pro- gram and  using  the  Agena  D  as  NASA 
has  been  planning  to  use  it. 

•  Added  flexibility  —  Orbital  ma- 
neuvering of  the  Gemini  would  be  en- 

hanced by  addition  of  the  Agena  D 

propulsion  system  to  Gemini's  own. Electrical  connections  made  at  time  of 
docking  will  enable  Gemini  crewmen 
to  start  Agena' s  engine  and  use  it  for 
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RELATIVE  SIZES  of  Mercury,  Gemini  and  Agena-D.  Two-hatch  Gemini  is  in  simulated 
docking  approach  to  collar  of  Agena,  which  engages  Gemini  guide  bar  in  V-notch. 

orbit  alterations.  However,  some  sources 
indicate  that  this  increased  capability, 
though  useful  to  the  Air  Force,  is  not 
of  sufficient  value  to  NASA. 

With  its  own  propulsion  system, 
Gemini  can  alter  its  orbital  inclination 
by  0.3  degree,  using  on-board  fuel,  and 
it  can  add  or  subtract  700  fps  from  its 
orbital  velocity.  With  Agena,  orbital 
velocity  change  increases  to  4200  fps. 

"While  these  figures  may  make  it 
seem  that  Agena  is  a  great  boon  to  our 
mission,  it  actually  is  not  that  impor- 

tant," said  a  NASA  official.  He  noted 
that  Gemini  could  take  a  ±10  degree 
roll  misalignment  on  Agena  rendezvous, 
as  well  as  an  overall  10-in.  axial  mis- 

alignment. The  Agena-D  would  be 
turned  180  degrees  in  orbit  for  ren- 

dezvous, since  the  docking  collar  is  on 
its  front  end,  and  the  rendezvous  would 
be  made  with  the  nose  of  Gemini.  All 
pre-rendezvous  maneuvering  would  be 

made  with  Gemini  propulsion,  unless  a 
major  orbital  difference  forced  use  of 
the  Agena  engine  for  corrections. 

AF  has  already  proposed  taking 
over  some  of  the  later  Gemini  missions, 
but  NASA  officials  are  presently  cool 
to  this  idea  (M/R,  Nov.  19,  p.  18). 

•  Stay  for  Mercury  —  McDonnell- 
built  Gemini's  highly  successful  prede- 

cessor, Mercury,  seems  destined  to  carry 
out  at  least  one  and  possibly  two  more 
manned  missions  before  settling  into 
the  history  books.  MA-9,  slated  for  an 
April  launch,  will  carry  Astronaut  L. 
Gordon  Cooper,  Jr.,  into  orbit  for  about 
one  day  for  further  manned  spaceflight 
data  gathering. 

Mercury  could  have  still  another 
manned  launching  to  take  up  some  of 
the  time  before  Gemini  launches  with 
useful  developmental  work. 

The  possibility  also  exists  that  Mc- 

Donnell's Mercury  capsules  will  be  used 
after  the  final  manned  shot  for  the  long- 
duration  orbitting  of  chimps  and  other 
animals  for  biomedical  research.  This 

program,  however,  depends  on  the  re- 
maining manned  launches,  of  which 

NASA  still  has  four  more  officially 
scheduled,  although  some  sources  doubt 
that  more  than  two  will  be  carried  out. 

Intervening  launches  of  Mercury 
capsules  until  Gemini  gets  under  way 
are  bound  to  be  determined  by  the  ex- 

tent to  which  Gemini  slips. 
The  new  program  calls  for  first 

orbital  launch  with  crew  early  in  1964. 
The  only  ballistic  launch,  now  set  for 
late  1963,  was  originally  set  for  early 
next  summer.  It  will  be  an  unmanned 
parachute-recovery  flight  without  para- 

glider. 
Under  its  current  authorization, 

NASA's  Manned  Spacecraft  Center  at 
Houston  has  assignment  only  to  dem- 

onstrate rendezvous  in  space  between 
Gemini  and  another  craft. 

"But  once  we  demonstrate  it,  we 
expect  to  use  it,"  said  Andre  Meyer, 
MSC  Chief  of  Project  Administration 
for  Gemini.  He  said  that  before  the  pro- 

gram is  over,  and  as  it  expands  in  scope, 
it  is  probable  that  spending  will  total 
more  than  initial  estimates  of  $700  mil- 

lion. The  stretch-out  also  means  that  the 
program  will  cost  more,  according  to 
Meyer,  since  it  will  require  the  same 
staff  for  a  longer  period  of  time. 

•  Cutting  back — One  result  of  the 
stretch-out  is  that  workers  are  already 
being  laid  off  at  Houston  and  Baltimore, 
where  Titan  II  Gemini  boosters  are 
being  turned  out.  The  Martin  Company 
is  reported  to  have  laid  off  about  800 
workers  on  the  program.  Meyer  said 
there  has  been  no  cutback  in  numbers 
of  spacecraft  or  boost  vehicles  being 
purchased.  This  applies,  as  of  now,  to 
both  the  Gemini  and  Agena-D  vehicles 
and  their  respective  Atlas  and  Titan  II 
boosters. 

NASA  has  ordered  12  flight  cap- 

VARIABLE  re-entry  trajectory  (left)  of  Gemini,  controlled  by 
amount  of  roll  around  longitudinal  axis  of  capsule.  Astronaut 
can  roll  100%  of  time,  thus  negating  lift  component  and  landing 
short,  or  not  roll  at  all  and  extend  trajectory.  By  varying  roll,  he 
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can  land  anywhere  in  between.  Below  40,000  ft.,  paraglider  is 
used.  Capsule,  with  offset  CG  developing  roll  moment,  enters 
with  16-degree  angle  of  attack.  Mercury  re-entry  attitude  is  shown 
as  solid  line,  Gemini  as  dotted  line,  with  blunt  end  forward. 
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We  at  DEI  congratulate  NASA 
on  its  superlative  achievements 

to  broaden  man's  knowledge  of 
the  universe. 

We  are  proud  of  the  part  De- 
fense Electronics  has  played  in 

support  of  many  NASA  pro- 
grams. DEI  equipment  is  now 

operational  on: 

•  PROJECT  MERCURY 

•  PROJECT  SATURN 

•  PROJECT  RELAY 

•  PROJECT  GEMINI 

•  PROJECT  MARINER 

•  PROJECT  ECHO 

•  ROSMAN  &  FAIRBANKS 
TRACKING  STATIONS 

Superior  engineering  perform- 
ance coupled  with  consistent  on- 

time  deliveries  have  earned  for 

DEI  the  reputation  of  being  "first 
in  telemetry".  Whether  your  re- 

quirements call  for  a  single  com- 
ponent or  a  complete  system, 

DEI  is  staffed  and  equipped  to 
meet  your  specific  needs. 

for  descriptive  literature  on  these 
and  other  DEI  products  and  sys- 

tems, write,  wire  or  phone 
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sules  and  15  boosters  for  the  Gemini 
program,  with  plans  to  refurbish  three 
capsules  and  re-use  them  after  recovery. 
With  this  plan,  NASA  has  the  capabil- 

ity of  14  manned  orbital  flights  with 
the  12  capsules. 

Since  the  reprograming,  MSC  has 
trimmed  Gemini  to  what  Meyer  calls  a 
"Model  A"  version,  compared  with  the 
earlier,  fancier  model.  Some  planned 
testing  and  documentation  have  been 
cut  and  frills  have  been  reduced  in  the 
spacecraft,  but  Meyer  said  nothing  has 
been  deleted  that  will  reduce  reliability 
or  "seriously"  affect  the  schedule. 

He  noted  that  the  Gemini  program 
thus  far  is  going  along  more  smoothly 
than  did  Mercury  at  the  same  phase  of 
development,  and  that  no  major  engi- 

neering problems  exist.  Successful  flights 
have  been  made  with  half-scale  para- 
glider  and  Gemini  mockups  during 
which  360-degree  turns  were  completed 
while  the  model  was  flown  and  landed 
by  remote  control. 

Full-scale  tests  of  the  paraglider 
with  a  boilerplate  mockup  are  due  to 
start  in  December.  Present  tests,  con- 

ducted at  Edwards  AFB,  Calif.,  have 
been  carried  out  using  helicopter  tow- 

ing techniques,  and  future  full-scale 
tests  will  involve  high-altitude  drops 
from  an  Air  Force  C-130  transport. 
Later  the  astronauts  will  practice  Gemini 
landings  in  such  drops  from  a  C-130. 

It  has  been  estimated  that  Gemini, 
which  uses  landing  skids  quite  similar 
to  those  of  the  X-15,  will  have  about 
a  200-ft.  landing  run  on  a  soft  field. 
Forward  speed  of  the  landing  will  be 
about  45  mph,  and  studies  are  being 
made  of  using  the  tipped  paraglider  as 
a  drag  brake  upon  landing.  The  land- 

ing run  on  a  prepared  surface  is  ex- 
pected to  be  about  400  ft. 

Present  NASA  planning  rules  out 
the  use  of  Edwards  AFB  as  a  landing 
site  because  it  would  require  either  a 
higher  inclination  launch  or  a  shift  in 
orbital  inclination  after  the  rendezvous 
operation.  This  indicates  landing  will 
be  in  a  site  further  south — perhaps  in 
Texas  or  at  White  Sands,  N.M. 

•  $20  million  a  shot — Col.  Daniel 
McKee,  Director  of  Project  Gemini  at 
NASA's  Office  of  Manned  Space  Flight, 
said  each  Gemini  launch  is  expected  to 
cost  approximately  $20  million,  ex- 

clusive of  development  costs.  He  said 
Gemini  would  serve  very  well  as  a  test- 
bed  for  other  space  hardware,  limited 
only  by  the  Titan  II  capability. 

The  present  Gemini  orbit  plan,  for 
an  87-mi.  perigee  and  150-mi.  apogee, 
is  mandatory  because  of  this  capability, 
which  will  not  permit  a  higher  orbit, 
according  to  McKee.  Any  higher  orbits 
would  require  the  spacecraft  maneuver- 

ing system  to  be  used  as  a  "kicker"  to circularize  the  orbit  at  150-mi.  altitude. 
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ANTENNAS 

for  repeated 
extensions  and 
retractions  in  space, 
on  land  and  sea.  Now  in  use, 
lengths  from  16  to  850  feet. 

DEVICES 

STORABLE  TUBULAR  EXTENDIBLE  MEMBERS 

INSTRUMENTATION 
BOOMS 

for  extending  and 
retracting  instruments, 
or  stabilizing  masses. 

Extendible  for  rendezvous  coupling ...qq.  imo  between  Satellites, 
laKArrLIINla  Spaceships,  and 
BOOMS  manned  space  stations 

SUCCESSFUL 

STEM  DEVICES 

Space  Engineering— a  demanding  science  in  today's  world 
of  orbital  flights,  interplanetary  probe  shots,  inter- 

continental communications— a  science  requiring: 
KNOWLEDGE:  covering  some  of  the  complex 
ities  of  space  problems. 

IMAGINATION:  to  face  the  impossible— and 
conquer  it! 
FACILITIES:  to  research,  produce,  test, 
and  put  theories  into  practice. 

These  qualities  are  proven  at  the 
deHavilland  Special  Products  &  Applied 
Research  Division  in  such  projects  as 
Alouette,  Gemini,  Mercury,  LOFTI, 
POGO,  TRAAC  and  Transit  V. 

Thisoutstandingteam  can  work  for  you. 

SPACE 

ENGINEERING 

THE  DE  HAVILLAND  AIRCRAFT  OF  CANADA,  LIMITED 

SPECIAL  PRODUCTS  &  APPLIED  RESEARCH  DIVISION 

MALTON O  N  TA  R  I  O CANADA 
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PUT 

YOURSELF 

IN  THE 

POSITION 

OF  THE 

DECISION-MAKER 

Consider  the  man  who  decides  how,  when  and  where  to  counter- 
attack! He  must  make  his  decision  in  minutes.  He  must  be  able 

to  carry  it  out  in  seconds. 

In  modern  warfare,  a  commander  -  the  decision-maker  — 

depends  on  vast,  interrelated  electronic  systems  to  provide  the 

information  necessary  to  respond  instantly,  correctly  to  attack. 
MITRE  designs  these  systems. 

MITRE's  work  affords  a  wide  range  of  opportunities  for  the 

systems  man.  He  might  help  develop  survivability  techniques; 

or  analyze  the  basic  conceptual  plan  of  an  entirely  new  system; 
or  contribute  to  space  hardware  tracking  methods. 

At  MITRE,  you  work  in  the  highest  professional  environment. 

And  whatever  your  job  may  be,  it  has  an  important  bearing  on 
the  future  safety  of  our  country. 

MITRE  is  located  in  pleasant,  suburban  Boston.  Rewards  are 

competitive.  Requirements,  B.S.,  M.S.,  or  Ph.D.  in  these  dis- ciplines—electronics, physics,  and  mathematics. 

Write  in  confidence  to  Vice  President  —  Technical  Operations, 

The  MITRE  Corporation,  Box  208,  Dept.  WL12,  Bedford,  Mass. 

MITRE  is  an  independent,  nonprofit  corpora- 
tion working  with  —  not  in  competition  with  — industry.  MITRE  serves  as  Technical  Advisor to  the  Air  Force  Electronic  Systems  Division, 

and  is  chartered  to  work  for  such  other  Gov- ernment agencies  as  the  Federal  Aviation 
Agency. 

THE  I 

MITRE 

An  Equal  Opportunity  Employer 

This  would  correspondingly  reduce  the 
in-orbit  maneuvering  capability. 

Interplay  between  Gemini  and 
Apollo  programs  is  largely  through 
MSC  at  Houston,  where  each  program 
is  staffed  by  graduates  of  the  Mercury 
project  working  from  common  experi- 

ence and  "talking  the  same  language." 
There  are  no  definite  plans  to  test 
Apollo  equipment  on  Gemini  capsules, 
although  this  will  probably  come  later. 

McKee  points  out  that  some  items 
of  equipment  are  identical  already — 
such  as  the  100-lb. -thrust  maneuvering 
rocket  engine. 

McKee  said  Gemini  may  have  some 
military  applications,  but  denied  that 
Air  Force  interest  is  causing  the  tight 
lid  on  Gemini  technical  information, 
which  has  denied  press  access  to  inter- 

nal views  and  equipment  layout  plans. 
Other  sources  said  any  capsules  or- 

dered by  the  Air  Force  are  expected 
to  be  a  follow-on  order  to  the  NASA 
capsules.  NASA  is  now  supplying  in- 

formation and  prices  to  the  Air  Force 
and  Washington  officials  of  the  space 
agency  say  they  no  longer  consider  a 
joint  program  likely.  A  separate  AF 
space  program  using  the  basic  Gemini 
capsule  modified  for  AF  missions  is 
considered  far  more  likely;  as  one 
NASA  source  put  it,  "We  simply  did 
not  design  our  capsules  to  meet  Air 

Force  objectives." •  Technical  aspects  —  A  major 
change  in  the  Gemini  capsule  as  com- 

pared with  Mercury  (aside  from  size), 
is  the  lift  component  built  into  the 
aerodynamics  of  the  shape.  By  offsetting 
the  center  of  gravity,  McDonnell  Air- 

craft Co.  designers  have  caused  a  roll 
moment  to  develop  which  gives  the 
capsule  a  lift  force  upon  re-entry. 

With  a  16-degree  angle  of  attack 
upon  re-entry,  the  Gemini  can  land  in 
a  "footprint"  pattern  along  its  orbital 
plane  measuring  200  miles  across  and 
several  hundred  miles  long.  McDonnell 
points  out  that  this  control  over  landing 
site  allows  the  astronauts  to  put  the 
spacecraft  down  in  an  area  far  larger 
than  any  error  experienced  in  the  Mer- 

cury program,  so  that  repetition  of  M. 
Scott  Carpenter's  unintentional  over- shoot is  unlikely. 

According  to  NASA  comparisons, 
the  Gemini  re-entry  module,  without 
either  of  the  two  adapter  sections,  is 
20%  larger  than  Mercury;  the  entire 
orbiting  package,  including  the  two 
adapter  sections,  is  100%  heavier,  al- 

though exact  weight  is  still  not  released. 
The  heat  shield  on  Gemini  is  20% 

larger  than  Mercury's,  but  the  internal pressurized  volume  is  50%  greater. 
The  in-orbit  maneuvering  capability 

is  achieved  with  a  multiple-chamber 
Rocketdyne  engine  using  the  same  pro- 
pellants  as  Titan  11  (nitrogen  tetroxide 
and  UDMH/ hydrazine).  The  engine 
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INCREASED  IMPULSE  FOR 

SOLID  PROPELIANTS 

OF  THE  FUTURE 

TRONA®  AMMONIUM  PERCHLORATE,  fc;»l-h;,sl   oxidizer,  is  keep- 

ing abreast  of  the  "shape  of  things  to  come"  in  future  generations  of 
solid  fuel  rocket  motors.  Broad-scale  ammonium  perchlorate  research 
programs  at  the  Henderson,  Nevada  plant  of  American  Potash  and 
Chemical  Corporation  have  resulted  in  the  development  of  new  particle 

sizes  and  spheroidal  shapes  that  may  be  necessary  for  tomorrow's  super- 
boosters.  Objective?  To  provide  the  solid  propellant  industry  with  new 
types  of  ammonium  perchlorate  that  enhance  the  possibility  of  increasing 
impulse  through  higher  solids  loading  and  improving  propellant  flow 

characteristics.  American  Potash,  the  nation's  largest  ammonium  per- 
chlorate producer,  keeps  abreast  of  changing  requirements  in  solids, 

not  only  in  product  quality  but  in  production  capa- 

bility as  well.  For  the  industry's  most  advanced 
ammonium  perchlorate  facilities,  plus  research 
and  technical  service,  contact... 

American  Potash  &  Chemical  Corporation 
3000  WEST  SIXTH  STREET,  LOS  ANGELES  54,  CALIFORNIA  •  99  PARK  AVENUE,  NEW  YORK  16,  NEW  YORK 
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A  STEP  ON  THE  ROAD  TO  THE  STARS 
Liquid  hydrogen,  lightest  of  elements,  will  be  used  as  the  propellant  for  a  nuclear- 
powered  rocket  one  day  in  the  not-too-distant  future.  First  tests  of  liquid  hydrogen 
in  a  nuclear  reactor  designed  for  propulsion  were  completed  recently  by  Los  Alamos 
scientists  and  engineers  working  on  Project  ROVER  at  the  Nevada  Test  Station. 
Four  previous  tests  used  gaseous  hydrogen  in  KIWI-type  reactors,  so-called  be- 

cause they  are  not  intended  to  fly,  and  are  operated  upside  down  for  convenience. 
Under  Los  Alamos  scientific  and  technical  supervision,  other  contractors  are  at 
work  on  NERVA  (Nuclear  Engine  for  Rocket  Vehicle  Application)  and  RIFT 
(Reactor  In  Flight  Test),  further  steps  in  the  AEC-NASA  nuclear  rocket  program. 
As  it  has  for  nearly  20  years,  Los  Alamos  Scientific  Laboratory  will  continue  to  de- 

vote major  attention  to  the  design  of  advanced  reactors  for  a  variety  of  peaceful  uses. 

Qualified  applicants  are  invited 
to  send  resumes  to:  Director 
of  Personnel,  Division  6S-108 

I 

losM)alamos scientific  laboratory 
OF  THE  UNIVERSITY  OF  CALIFORNIA  " 

LOS  ALAMOS,  NEW  MEXICO 

All  quolified  applicants  will  receive  consideration  for  employment  without 
regard  to  rate,  treed,  color,  or  national  origin.  U.S.  citizenship  required. 

develops  100-lb.  thrust  for  the  altera- 
tion of  orbital  characteristics,  and  pulses 

of  considerably  less  than  a  second  are 
possible.  The  crew  will  be  able  to  con- 

trol the  approach  to  the  rendezvous  tar- 
get vehicle  within  one  or  two  fps,  and 

can  reverse  the  thrust  to  counteract  for- 
ward momentum.  Nozzles  are  contained 

in  the  retrograde  adapter  section. 
Individual  ejection  seats  will  be 

used,  instead  of  the  escape  tower,  and 
there  will  be  no  automatic  escape  de- 

vice. Launch-vehicle  parameters  will  be 
displayed  to  the  crew  to  a  greater  extent 
than  was  true  in  Mercury,  and  the  deci- 

sion to  eject  will  be  the  crew's. 
Solid-propellant  gas  generators  will 

blast  open  the  two  hatches,  even 
at  maximum  dynamic  pressures,  and 
rocket-propelled  seats  will  take  the  two 
crewmen  1000  ft.  away  from  the  launch 
vehicle  and  upward  at  a  15-degree  angle 
for  a  500-ft.  altitude  gain.  The  de- 

creased yield  of  the  Titan  //  propellants 
compared  with  the  cryogenic  propel- 

lants of  Alias  allows  much  greater  reac- 
tion time  for  the  crew  to  get  out  of 

the  Gemini.  Instead  of  a  near-detona- 
tion, the  hypergolic  propellants  of  Titan 

II  burn  rapidly,  but  not  so  rapidly  as 
to  preclude  possibility  of  ample  warn- 

ing time. 
Modular  construction  of  equipment 

to  be  used  aboard  Gemini  is  another 
major  change  from  Mercury,  permitting 
considerably  greater  versatility  of  mis- 

sions. The  possible  delays  in  countdown 
time  are  far  shorter  than  in  Mercury, 
and  overall  test  and  checkout  time  is 

greatly  reduced. 
Instead  of  time-consuming  re-work- 
ing required  if  a  system  shows  malfunc- 

tion, the  Gemini  design  allows  com- 
plete removal  of  the  malfunctioning 

system  and  replacement.  This  feature, 
which  covers  the  entire  environmental 
control  system,  is  what  leads  the  Air 
Force  to  hope  it  can  suit  the  capsule 
to  its  needs  with  minimum  modification. 

Miniaturization  is  another  field  more 
strongly  emphasized  in  Gemini  than  in 
Mercury.  Apparent  largely  in  the  modu- 

lar "black  boxes"  of  replaceable  equip- 
ment, the  miniaturization  also  permits 

more  space  for  crewmen  within  the 
capsule.  The  modules  are  separated  into 
two  groups:  those  directly  affecting  the 
life  support  of  the  crew,  and  all  other 
equipment  for  carrying  out  the  mission. 
Crew-support  equipment  will  be  within 
the  pressure  shell,  but  the  other  modules 
will  be  in  the  unpressurized  area  be- 

tween the  capsule's  double  wall.  Inac- cessible to  crewmen,  these  modules  can 
be  yanked  out  and  replaced  on  the 
launch  pad  from  outside  the  capsule. 

McDonnell  describes  its  Gemini 

fabrication  unit  as  a  "task  force."  PERT 
management  techniques  are  being  used 
in  the  production  setup,  just  as  they 
were  in  the  latter  phases  of  Mercury,  tt 
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FRUEHAUF  CAPABILITY 

ADDS  TO  AMERICAN 

SPACE  AGE  MOBILITY 

As  a  leading  source  for  the  designing,  engineer- 

ing and  manufacture  of  military  sub-systems, 

Fruehauf  has  added  to  America's  space  age 
mobility.  On  both  prime  and  subcontracts,  Frue- 

hauf's  resources  have  generated  new  savings  and 
efficiency  on  a  multitude  of  ground  support  and 

missile  systems. 

An  outstanding  example  of  Fruehauf  partici- 

pation in  space  age  sub-systems,  through  the 
liaison  of  its  commercial  and  military  division, 

is  a  recent  project  currently  completed  for  Paul 

Hardeman,  Inc.,  of  Stanton,  California,  the  prime 
contractor  for  the  U.  S.  Air  Force  TITAN  II 

Propellant  Transfer  System. 

To  achieve  effective  mobility,  Fruehauf  pro- 
vided the  essential  equipment  for  moving  the  fuel 

and  oxidizer  holding  tanks,  the  propellant  condi- 
tioning system,  the  control  system,  as  well  as  the 

waste  disposal  equipment.  The  concept  of  mobil- 

ity fulfills  the  U.  S.  Air  Force's  technical  require- 
ments for  maximum  efficiency  and  illustrates  its 

continuing  program  of  cost  reduction  and  savings 
to  the  Government. 

For  further  information  on  Fruehauf 's  demon- 
strated capability  in  designing  and  producing 

military  equipment,  send  for  a  free  copy  of 

"Fruehauf  G.S.E.-Military  and  Missile". 

"ENGINEERED  TRANSPORTATION" 
— The  Key  to  Transportation  Savings 

FRUEHAUF 
MILITARY  PRODUCTS 

A  FRUEHAUF  DIVISION 
10940  HARPER  AVENUE,  DETROIT  31,  MICHIGAN 
5137  S.  BOYLE  STREET,  LOS  ANGELES  58,  CALIFORNIA 



Decision-Making:  Hostile  or  not  Hostile? 

A  few  years  ago  this  decision  was  relatively 
simple.  The  action  that  followed  was  rela- 

tively simple.  Today  the  consequences  of 

this  type  of  decision-making  can  be  enor- 
mous, affecting  world-wide  forces  and 

events.  The  decision  itself  may  trigger  an 
incredibly  complex  series  of  interacting 
decisions  and  controls.  In  making  these 

compressed-time  decisions,  commanders 
use  man-machine  systems  which  provide 
information  processing  assistance.  The  de- 

velopment of  these  large  systems  is  the 
work  of  scientists,  engineers  and  computer 
programmers  at  System  Development  Cor- 

poration. The  system  is  their  concern,  not 
the  actual  design  of  hardware.  Specifi- 

cally, they  contribute  in  these  key  areas: 
defining  the  requirements  of  the  system, 
synthesizing  the  system,  instructing  the 
computers  within  the  system,  training  the 
system,  evaluating  the  system.  Throughout 

they  seek  to  optimize  man-computer  rela- 
tionships and  to  develop  a  system  which 

grows  and  changes  with  the  needs  of  the 
decision-makers  who  use  it.  Human  factors 
scientists,  operations  research  scientists, 

systems-oriented  engineers  and  com- 
puter programmers  interested  in  joining  a 

close  interdisciplinary  effort  are  invited  to 
write  concerning  new  positions  in  this  ex- 

panding field.  Address  Dr.  H.  C.  Best,  SDC, 
2433  Colorado  Ave.,  Santa  Monica,  Cali- 

fornia. Positions  are  open  at  SDC  facilities 
in  Santa  Monica;  Washington,  D.C.,  Lex- 

ington, Massachusetts;  Paramus,  New 

Jersey;  and  Dayton,  Ohio.  "An  equal  op- 

portunity employer." 

System  Development  Corporation 
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Cameron  is  forging  carbon  steel,  special  alloy  steel  and  exotic  metals  in  a  wide 
variety  of  sizes  and  shapes.  Using  the  split-die  multiple  ram  process,  forgings  with 

complicated  shapes,  thin  walls  or  multiple  cavities  are  produced  in  one  press 
operation.  Uniform  toughness,  high  impact  strength  and  high  tensile  strength 

are  acquired.  Cameron's  11,000  and  20,000  ton  presses  are  the  Free  World's 
largest  multiple  ram  ferrous  metal  forging  presses. 

A.  Turbine  Shaft 
Material:  Waspaloy 
Length:  403/4"    Weight:  1,000# 

B.  Outer  Cylinder,  Main  Gear 
Material:  MIL-S-5000B 
Length:  6O1/4"    Weight:  2,400# 

C.  Turbine  Disc 
Material:  Incoloy  901 
Diam.:  231/2"    Weight:  190# 

0.    Nuclear  Reactor  Component,  Support  Tube 
Material:  304  Stainless  Steel 
Length:  43"    Weight:  430# 

E.  Experimental  Extrusion 
Material:  K  Monel 
Max.  Diam.:  16Va"    Length:  291/2" Weight:  195# 

F.  Nozzle  Liner 
Material:  Molybdenum 
Max.  Diam.:  13Ve"    Length:  12" 
Weight:  99# 

G.  20,000  Ton  Multiple  Ram  Forging  Press 

H.  Aft  Closure  for  Rocket  Propellant  Case 
Material:  AMS-256 
Max.  Diam.:  54%"    Wall  Thickness:  %" 
Weight:  1,225# 

Check  with  Cameron  on  how  Cameron 
forgings  can  improve  your  product. 

M. 

P  &  W  Turbine  Shaft  and  Disc 
Material:  Incoloy  901 
Max.  Diam.:  20"    Length:  3OV2" 
Weight:  365# 
Nuclear  Reactor  Component, 
Typical  14"  Gate  Valve  Body Material:  304  Stainless  Steel 

Length:  33"    Height:  30" Weight:  2,785# 
Turbine  Shaft 
Material:  A-286 
Max.  Diam.:  2OV2"    Length:  321/4" 
Weight:  300# 
Turbine  Shaft 
Material:  A-286 
Length:  142"    Weight:  4,850# 

Typical  Fluid  End — Canned  Pump  Case 
Material:  Ni  72%,  Cr  14-17%,  Fe  6-10% 
Max.  Diam.:  47-1/16"    Weight:  10,365# 
Nuclear  Reactor  Component, 
10"  Swing  Check  Valve  Body 

Material:  304  Stainless  Steel 
Length:  25V2"  Height:  243/4" Weight:  1,900# 

CAMERON  IRON  WORKS,  INC.  , 
SPECIAL  PRODUCTS  DIVISION 
p.  O.  BOX  1212  •  HOUSTON,  TEXAS 
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there's  a  ship  on  the  way  to  the  moon 
There  will  be  many  interim  steps,  but 
every  shot  on  the  Atlantic  Missile  Range 
puts  the  U.S.  closer  to  its  goal  of  a  lunar 
landing  in  this  decade. 

Soon  our  capabilities  on  the  range 
will  be  sharply  increased  as  Advanced 
Range  Instrumentation  Ships  (ARIS)  — 
large  transports  converted  to  seagoing 
range  stations  under  direction  of  the 
Sperry  System  Management  Group  — go 
into  service.  The  highly  accurate  termi- 

nal trajectory  and  re-entry  data  the  ships 
collect  will  greatly  advance  the  system 
support  capability  of  AMR. 

Sponsored  by  the  Air  Force  Missile 

Test  Center,  AFSC,  the  ARIS  ships  will 
incorporate  every  advanced  technique 
of  data  acquisition  and  handling,  inte- 

grated instrumentation  radar,  telemetry, 
inertial  navigation,  weather  forecasting. 
With  mobility  and  precision  they  will 
move  to  any  aim-point  in  thousands  of miles  of  ocean  and  take  measurements 
with  all  the  precision  of  a  land-based 
station.  They  will  provide  refined  study 
of  space  vehicles  during  the  critical  ter- 

minal phase  of  flight.  Sperry's  job  is  to obtain  the  finest  instrumentation  avail- 
able and  integrate  it  to  do  the  job  ...  on 

schedule  and  at  minimum  cost. 

The  ARIS  ships  will  help  fulfill  AM  R's responsibility  with  NASA  for  range  in- 
strumentation supporting  our  explora- 

tion of  space.  The  capabilities  developed 
will  be  steadily  advanced  in  pace  with 
the  program.  Team  members  with  Sperry 
include  Bethlehem  Shipbuilding,  Ford 
Instrument,  Gibbs  and  Cox,  IT&T  and 
UNIVAC  Division  of  Sperry  Rand. 

SPFRRV 

ARIS  SYSTEM  MANAGEMENT  GROUP,  SPERRY  GYROSCOPE  CO.,  DIVISION  OF  SPERRY  RAND  CORP.,  GREAT  NECK,  N.  Y. 
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Allegheny  Ludlum 

MAR-AGING  STEELS 

super  strength 

ductility 

with  toughness 

hardness 

simple  heat  treatment 

dimensional  stability 

Available  in  ALL  FORMS  in  both  production  and 

development  quantities  from  Allegheny  Ludlum 



MWM  steels  mean 

Available  in  ALL  FORMS  in  both  production  and 

development  quantities  from  Allegheny  Ludlum 

Up  to  72  inches  wide  with 
lengths  to  suit,  just  as  in 
stainless  steel,  isthestand- 
ard  limitation  for  ALMAR 
steels.  Coiled  sheet  is  avail- 

able up  to  48  inches  wide. 

All  standard  stainless  steel  strip 
sizes  can  be  duplicated  in  Mar- 
Aging  steels.  At  A-L,  ALMAR 
strip  down  to  .010"  thick  has  been rolled.  Should  the  demand 
develop,  foil  will  be  available. 

Allegheny  Ludlum  has  fur- nished much  ALMAR  plate. 
Actual  production  has  shown 
that  every  plate  size  made  in 
stainless  steel  can  be  dupli- 

cated in  Mar-Aging  steels. 

In  stainless  steel,  Allegheny 
Ludlum  furnishes  every  size 
and  shape  of  bars.  In 
ALMAR  steels,  Allegheny 
Ludlum  also  can  furnish 
every  shape  and  size. 

Every  shape  that  can  be  ex- 
truded in  stainless  steel  can 

be  duplicated  in  ALMAR 
steels— range  up  to  a  shape 
that  can  be  enclosed  in  a  5%" dia.  circumscribing  circle. 

Virtually  all  stainless  steel  wire 
sizes  can  be  duplicated  with  the 
ALMAR  steels.  Actual  produc- 

tion has  taken  place  down  to 
.010"  dia.,  and  experimental  wire 
drawing  down  to  .003-4"  dia. 

Seamless  tubing  in 
the  ALMAR  steels 

up  to  5  inches in  diameter  is 
available  from 
Allegheny  Ludlum. 

l_J  V  / 
US 

j 
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ALMAR  steels  are  avail- 
able in  the  full  range  of 

forging  billets,  as  air 
melted  and  consumable 
electrode  vacuum 
melted  steel  billets. 



combinations  of  properties 

Yield  Strengths of  200-280,000  psi  with  high  ductility— 55%  to  35% 
reduction  of  area. 

Mi 
ensile  Strengths of  210-290,000  psi  with  real  toughness— 

Charpy  impact  up  to  16  ft. -lbs.,  down  to  420  F. 

Fracture  Toughness  with  Gc  values  over  1,000— at  yield 
strengths  up  to  280,000  psi. 

Simple  Heat  Treatment  at  low  temperature  (900  F 
age)  without  quench  means  low  cost  and  no  distortion.  Welds  can  be  strengthened  by  local 
heat  treatment. 

Easily  Welded-Easily  Machined using  the  same  techniques  as  for  any  high  strength  steel. 

Super  high  strengths  with  good  toughness  and  easy  fabrication  make  Allegheny  Ludlum  ALMAR 
steels  really  unique. 

Developed  from  an  International  Nickel  Company  discovery,  A-L's  Mar-Aging  steels  are  remarkably 
resistant  to  crack  propagation  and  possess  unusually  low  work-hardening  tendencies.  The  Mar- 
Aging  steels  first  existed  as  20  and  25%  nickel  plus  titanium  steels.  Allegheny  Ludlum  calls  them 
ALMAR  20  and  ALMAR  25  steels. 

Now,  an  18%  nickel  steel  with  cobalt  and  molybdenum  offers  the  best  combination  of  properties 
plus  simplified  heat  treatment.  This  ALMAR  18  steel,  through  minor  composition  variations,  is  pro- 

duced with  strengths  from  200-300,000  psi. 
Unique  among  the  relatively  few  producers  of  Mar-Aging  steels,  Allegheny  Ludlum  alone  offers 

ALMAR  steels  in  the  complete  range  of  mill  forms— sheet,  strip,  plates,  bars,  wire,  tubing,  extrusions, 
and  forging  billets.  They  may  be  obtained  from  developmental  or  production  size  heats,  air  melted  or 
consumable  electrode  vacuum  remelted.  Availability  of  less  than  heat  lot  quantities  in  any  particular 

product  form  is,  of  course,  dependent  upon  inventory  of  finished  or  semi-finished  stock. 

It  is  this  total  competence  with  the  Mar-Aging  steels  that  makes  A-L's  producing  role  unique  .  .  . 
all  product  forms  and  production  techniques,  including  continuous  cold  rolling,  all  strength  levels 

and  all  compositions,  together  with  Allegheny  Ludlum's  familiarity  with  all  areas  of  Mar-Aging  appli- 
cation presently  under  investigation.  This  unique  experience  with  the  ALMAR  steels  is  at  your  service. 

MAR-AGING  STEELS 



Wsteels 

are  being  considered  for: 

Rocket  Motor  Cases. 
and  simple  900  F  aging  heat  treatment,  without  quench,  of  ALMAR  steels  explain 
current  evaluation  projects  for  this  application.  Easy  fabricating  is  a  plus  factor. 

High  strength,  toughness 

Highly  Stressed  Parts  ■  The  inherent  super- 
strength  and  toughness  of  the  ALMAR  steels,  results  in  smaller  components  to 
handle  high  stresses  with  increased  reliability— especially  necessary  in  airframes 
and  airborne  equipment. 

Large  Machinery  Parts. 
With  virtually  no  limit  on  depth  of  hardening  of  ALMAR 
steels,  strong,  tough  parts  can  be  made  with  extremely  sim- 

ple, low  cost  heat  treatment  techniques— no  quench  needed. 

Fasteners  ■  Tests  of  bolts  in  ALMAR  18  steel  indicate  great 
utility  as  high  strength,  tough  components.  Also,  the  cold  heading  prop- 

erties are  excellent— an  unusual  characteristic  for  a  super-strength  material. 

Sub-Zero  Temperature  Service. 
Strength,  toughness  of  ALMAR  steels  at  cryogenic  temperatures  are  outstanding. 

Wear  Contact  Parts.  Good  re- 
sults on  wear  tests  plus  the  inherent  high  strength,  toughness, 

hardness  and  simple  heat  treatment  suggest  many  applications. 

WANT  MORE  INFORMATION? 

Allegheny  Ludlum,  the  producer  with  the  most  experience  in  making  the  Mar-Aging  Steels 
in  all  forms,  has  available  an  extensive  technical  report  on  the  ALMAR  steels.  A  copy  of 
this  data-packed  booklet  is  yours  for  the  asking.  Check  your  local  A-L  District  Office,  or 
just  write:  Allegheny  Ludlum  Steel  Corporation,  Oliver  Building,  Pittsburgh  22,  Pa. 
Address  Dept.  POM  9. 

ALLEGHENY  LUDLUM  STEEL  CORPORATION 
PIONEERING  on  the  Horizons  of  Steel 



Of  interest  to  engineers  dnd  scientists 

A/ 

in  aiding  the  description  of  shock  wave  struc- 
.=      ture  and  drag  coefficients  in  low  density  flows. 

RAREFI 

one  of  more  than 500  R&D  programs  under 

In  this  study,  Douglas  scientists  and  engineers 
are  investigating  phenomena  in  the  transition 
region  between  extremely  rarefied  and  con- . 
tinuum  regimes  of  hypersonic  flow. 

Included  are  programs  for  studying  the  basis 
a  two-fluid  rarefied  flow  theory;  aerody- 

namic characteristics  of  selected  configurations 
in  hypersonic  rarefied  flow;  initial  establish- 

ment of  flow  fields  about  objects  entering  the 
atmosphere;  and  the  dynamics  of  vapor  gen- 

way  at  Douglas 

ulating  environment  in  which  you  can  further 
your  career.  Sponsors  of  these  projects  are  Air 
Force,  Army,  Navy,  NASA,  commercial 
sources,  and  Douglas.  Work  areas  range  from 
pure  research,  through  applied  research,  devel- 

manufacture  and  .test  of  comp 
Every  major  engineering  and 

scien- 

erated  by  the  sublimation  of  the  surface  of 
simple  shapes  in  a  low  density  atmosphere.  ] 

A  "two-fluid"  flow  model  has  been  successful 

Of  career  interest  to  engineers  and  scientists 

Expanded  Douglas  participation  in  major  U.S. 

opment, 

systems. 
tific  discipline  relating  to  aerospace  is  involved. 

Send  us  your  resume  or  fill  out  and  mail  the 
coupon.  Within  15  days  from  the  receipt  of 

your  letter  we  will~send  you  specific  informa- 
tion on  opportunities  in  your  field  at  Douglas. 

Mr.  F.  V.  Edmonds  . 
Missile  and  Space  Systems  Division 
Douglas  Aircraft  Company 
3000  Ocean  Park  Boulevard 
Santa  Monica,  California 
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DOUGLAS  CONCEPT  of  lunar  logistics  vehicle  designed  to  provide  housing. 

NASA/advanced  manned  programs 

Future  Projects  May  Cost  Billions 

Four-man  space  station,  lunar  logistics  vehicle  have 

priority  in  present  planning;  decisions  due  imminently 

NASA  IS  CONSIDERING  a  multi- 
billion-dollar  advanced  manned  space- 

flight effort  including  a  four-man  space 
station  for  1966-67  flights. 

The  small  space  station  would  be  the 
forerunner  of  a  large  20-30-man  labora- 

tory which  would  be  flown  in  1968-70. 
Other  major  projects  include  a  lunar 

logistics  vehicle  (LLV),  a  lunar  base,  an 
aerospace  plane  and  exploration  of 
Mars  and  Venus. 

Although  all  the  projects  are  in  the 
process  of  being  defined,  some  decisions 
on  the  more  immediate  ones  are  ex- 

pected shortly. 
In  addition  to  the  space  station, 

the  lunar  logistics  vehicle  appears  to 
have  the  strongest  NASA  backing. 
"There's  no  question  but  that  at  some point  in  time  there  will  have  to  be  a 
logistics  system  to  expand  our  lunar 
activities,"  a  high  space  agency  official told  Missiles  and  Rockets. 

Three  LLV  study  contracts  are  due 
at  the  space  agency  by  Dec.  15.  A  final 
decision  on  the  vehicle's  specifications 

is  expected  to  be  made  by  the  end  of 
the  first  quarter  of  next  year.  Manned 
spaceflight  officials  now  hope  to  initiate 
procurement  near  the  end  of  Fiscal  '63. Final  award  of  the  contract  could  come 

early  in  Fiscal  '64. Current  NASA  thinking  on  the  other 
future  manned  spaceflight  programs: 

—Lunar  base  work  is  further  off 
chiefly  because  the  character  of  the 
lunar  surface  is  unknown.  Conceptual 
studies  will,  however,  be  performed  both 
by  NASA  and  industrial  contractors  in 
the  next  twelve  months.  Hardware  de- 

velopment would  be  three  to  five  years 
away,  if  a  decision  is  made  to  go  ahead. 

—The  aerospace  plane  will  be  ap- 
proved, but  possibly  not  for  another  two 

years.  Earliest  procurement  and  con- 
tracting date  mentioned  is  1965,  but  a 

delay  of  one  or  two  years  is  possible. 
Program  is  almost  certain  to  be  a  joint 
Air  Force-NASA  effort. 

—  Manned  exploration  of  the  near 
planets  would  have  a  total  cost  of  at 
least  $20  billion.  For  NASA  to  move 

ahead  in  this  area  would  require  another 
national  decision  similar  to  President 

Kennedy's  announcement  of  the  U.S. 
goal  to  land  a  man  on  the  Moon  by  the 
end  of  the  decade. 

NASA  officials  are  doubtful  that 

"scientific  necessity"  would  be  suffi- 
ciently strong  to  justify  the  strong  effort 

needed. 

•  Lunar  Logistic  Vehicle — NASA 
is  studying  LLV  to  see  if  it  should  be  an 
integral  part  of  the  Apollo  program. 
Such  an  attachment  reportedly  is  very 
attractive. 

The  big  question  is  whether  the  ve- hicle should  be  available  to  support  the 
first  U.S.  manned  lunar  landing  or 
whether  its  development  should  be 
paced  to  follow-on  Project  Apollo 
flights. 

Officials  of  the  Office  of  manned 
spaceflight  hold  the  former  view,  while 
other  NASA  planners  are  committed  to 
the  latter.  MSF  officials  are  determined 
to  start  procurement  of  LLV  next  year. 
One  official  told  M/R  that  "we'll  scrape 
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up  the  money  somewhere." 
NASA  officials  feel  that  LLV  "will 

enhance  the  safety  and  performance  of 
lunar  landings."  These  officials  hasten 
to  add,  however,  that  "Apollo  is  de- 

signed to  be  self-contained." The  LLV  is  conceived  as  carrying 
equipment  directly  from  Earth  to  the 
Moon.  Major  payloads  would  comprise 
a  roving  vehicle,  lunar  shelter  and 
equipment  for  extended  stay-times. 

Cost  of  the  payload  is  estimated  at 
S250  million;  bus  to  carry  the  payload, 
another  $250  million. 
Two  payload  weights  are  being  con- 

sidered: 25,000  to  30,000  lbs.  to  ride 
on  the  Advanced  Saturn;  or  1500  lbs. 
to  go  on  the  Saturn  C-1B.  The  larger 
payload  is  favored  because  fewer  launch 
vehicles  and  less  logistics  support  would 
be  required.  It  is  also  said  to  be  more 
in  line  with  Apollo  requirements. 

•  Space  station — The  manned  or- 
bital space  station  probably  will  not  re- 
ceive any  funds  this  year  other  than  for 

continuing  study  work;  the  problem  is 
to  set  up  requirements. 

Needs  for  a  space  station  have  in 
the  past  dictated  grandiose  designs  of 
"supermarkets  in  the  sky."  A  first,  more 
modest  approach  at  NASA  is  that  of  a 
four-man  station  to  test  out  chiefly 
the  physiological  effects  of  prolonged 
weightlessness  or  some  artificial  gravity. 
"Prolonged"  in  this  case  means  months 
rather  than  days,  as  in  the  case  of 
Gemini. 

A  question  is  raised  about  what 
work  a  space  station  would  be  uniquely 
fitted  to  do — work  that  could  not  just 
as  well  be  done  in  appropriately  de- 

signed laboratories  on  Earth.  The  pro- 
gram is  therefore  being  looked  at  from 

a  cost-effectiveness  point  of  view,  to 
assure  NASA  of  a  scientific  justification 
for  building  the  station. 

Current  thinking  is  that  the  four- 
man  station  would  be  a  mission  module 
used  in  either  the  Apollo  or  Gemini 
spacecraft.  A  subsequent  step  would  be 
building  a  larger  space  station,  holding 
20  to  30  men  for  periods  of  up  to  two 
years. 

Contracts  for  the  mission  module 
are  expected  to  be  awarded  in  Fiscal 
1965,  although  some  design  work  may 
be  started  late  in  Fiscal  '64.  Total  ex- 

pected cost  of  mission  module:  $300- 
S500  million.  The  date  might  slip  if 
requirements  change. 

The  next  step  in  space  stations— the 
large  erectable  version — probably  will 
be  operational  in  1968-70.  To  get  it  in 
that  period,  however,  hardware  develop- 

ment will  have  to  be  started  in  1966. 

•  Lunar  basing — The  question  of 
setting  up  permanent  or  semi-permanent 
bases  on  the  Moon  has  not  been  thought 
through  yet,  because  NASA  is  awaiting 
some  firm  data  about  the  lunar  surface. 

VERSION  OF  lunar  simulator  conceived  by  Army  Corps  of  Engineers  to  aid  in 
solution  of  construction  problems  expected  to  be  encountered  on  the  Moon. 

Ranger  is  expected  to  help  the  space 
agency  decide  if  a  justification  exists 
beyond  that  for  supporting  exploring 
parties  on  a  temporary  stay. 

The  conceptual  studies  which  NASA 
plans  in  the  next  year  will  be  the  be- 

ginning of  a  constantly  growing  effort 
to  lay  out  the  need,  specifications  and 
requirements  of  a  base  on  the  Moon. 

•  Post- Apollo  projects — The  major 
space  projects  after  Apollo  are  expected 
to  be  lunar  basing  and  manned  flight  to 
Mars  and  Venus. 

The  more  difficult  of  the  two  ven- 
tures will  be  interplanetary  flight.  To  be 

successful,  it  will  undoubtedly  call  for 
the  .same  national  involvement  as 
Apollo  does  now. 

The  cost  is  also  expected  to  be  about 
the  same  as  Apollo — over  $20  billion — 
and  the  technical  problems  of  the  same relative  difficulty. 

The  time  period  NASA  is  thinking 
about  for  early  manned  planetary  ex- 

ploration is  1970  to  1975.  This  is  felt 
to  be  a  convenient  period  because  the 

MARS' 

ORBIT 

Total  AV  ft/sec 38,000 77,000  ft/sec 

BETWEEN ELAPSED BETWEEN ELAPSED 
POINTS: TIME POINTS: TIME 

1  &  2 260  DAYS 1  &  2 226  DAYS 
2  &  3 450  DAYS 2  &  3 25  DAYS 

3  &  4 260  DAYS 3  &  4 249  DAYS 

TOTAL  TIME  970  DAYS TOTAL  TIME  500  DAYS 

EXAMPLES  OF  roundtrip  trajectories  to  Mars. 
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NEW 

POWER 

FOR 

SPACE 

These  new  powerplants  are  an  RL10  liquid-hydrogen  Pratt  & 
rocket  engine  for  propulsion  in  space,  and  a  model  Whitney 
of  a  fuel  cell  to  provide  electricity  in  manned  lunar  Rircraft 
vehicles.  Their  mission:  Power  for  space.  Their  i  ■ 

designer  and  builder:  Pratt  &  Whitney  Aircraft  for  ««-..u^u««— 
the  National  Aeronautics  and  Space  Administration.  ^JEL 
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peak  of  Apollo  spending  will  be  past 
and  the  Apollo  technology  hopefully 
will  be  well  in  hand. 

Lunar  basing  would  be  a  concurrent 
project.  But  its  needs,  in  terms  of 
launch  vehicles,  would  be  less  demand- 

ing than  those  of  planetary  exploration. 
This  last  mission,  then,  would  be  the 
one  prescribing  Nova  characteristics 
and  beyond. 

•  Empire  studies — To  get  a  firmer 
idea  of  what  manned  interplanetary 
missions  to  the  near  planets  would  in- 

volve in  terms  of  launch  vehicles, 
NASA  through  its  Marshall  Space 
Flight  Center  began  in  June  a  set  of 
studies  called  Empire — Early  Manned 
Planetary-Interplanetary  Round-trip  Ex- 
periment. 

Costing  $258,000,  Empire  has  each 
of  three  companies  making  six-month 
studies  of  selected  interplanetary  mis- 

sions: Aeronutronic  Div.  of  Ford  Mo- 
tor Co.,  $84,000  for  a  study  of  fly-by 

missions  to  Venus  or  Mars  or  both 
planets  (this  last  mission  is  familiarly 
known  as  "the  grand  tour");  General 
Dynamics/ Astronautics,  $100,000  for 
studies  of  the  same  missions;  and  Lock- 

heed Missiles  and  Space  Co.,  $74,000 
for  studies  whose  main  emphasis  is  on 
a  Mars  stopover  mission. 

From  an  astronomical  point  of  view, 
there  are  years  significantly  better  than 
others  for  launching  spacecraft  into  the 
vicinity  of  Mars  or  Venus.  About  one 
favorable  opportunity  every  two  years 
can  usually  be  counted  on. 

Opportunity  for  a  relatively  low- 
energy  grand  tour,  though,  occurs  less 
often:  the  next  chance  is  in  1970. 

•  Planetary  fly-bys  —  During  the 
fly-by  missions,  the  spacecraft  will  be 
able  to  stay  in  the  vicinity  of  the  target 
planet  for  a  relatively  short  length  of 
time — about  10  hours.  Even  in  that 
length  of  time,  though,  astronauts  will 
be  able  to  perform  a  number  of  signifi- 

cant experiments:  direct  exploration  of 
the  planet's  atmosphere,  indirect  ex- 

ploration of  the  planet's  surface  by 
landing  experiment-filled  unmanned 
probes,  and  possibly  continuous  scien- 

tific monitoring  of  the  planet  by  means 
of  an  unmanned  satellite  left  in  orbit. 

NASA  is  looking  to  the  universities 
for  help  in  prescribing  the  scientific  data 
that  should  be  sought  and  the  means  for 
getting  it. 

The  shortest  time  for  a  low-energy 
fly-by  mission  is  one  year.  This  would 
be  a  round-trip  to  the  vicinity  of  Venus. 
In  fact,  Harry  O.  Ruppe,  special  assist- 

ant to  the  director  of  the  Future  Proj- 
ects Office,  Marshall  Space  Flight  Cen- 
ter, says  this  flight  has  just  about  the 

lowest  requirements  for  energy  of  any 
of  the  fly-bys — about  the  amount  re- 

quired by  the  Hohmann  trajectory  to 
the  planet. 

Studies  of  this  Venus  mission  gave 

one  unexpected  result:  the  flight  could 
be  performed  by  chemical  propulsion 
alone. 

A  low-energy  fly-by  of  Mars  has  also 
been  devised,  but  it  takes  a  minimum 
of  two  years  to  complete. 

These  missions  are,  of  course, 
manned.  Crew  sizes  are  expected  to  be 
small:  three  on  the  lower  limit,  prob- 

ably eight  on  the  upper.  Ruppe  esti- 
mates a  crew  of  five  might  work  out  to 

be  optimum.  One  part  of  the  studies 
now  going  on  is  to  find  what  is  a  reason- 

able number  of  crew. 
Object  of  some  of  the  studies  now 

going  on  is  to  find  out  what  really  is 
meant  when  a  mission  is  said  to  have 
"low-energy,"  or  can  be  performed  with 
"relatively  little  difficulty."  What  hap- 

pens when  the  mission  is  extended  from 
one  year  to  two  years  or  three  years? 
What  does  this  mean  in  terms  of  weights 
and  costs  and  schedules? 

•  Martian  module  —  The  General 
Dynamics  team  has  investigated  a  one- 
and-a-half -year  mission  to  Mars  with  30 
days'  orbit  around  the  planet.  The  team 
also  looked  into  the  possibility  of  send- 

ing a  two-man  excursion  module  to  the 
Martian  surface;  it  would  be  the  plane- 

tary counterpart  of  the  lunar  excursion 
module  and  similarly  would  be  called 
MEM. 

The  scout  ship  MEM  would  descend 
from  the  orbiting  mother  ship  into  the 
Martian  atmosphere.  It  would  slow  it- 

self first  by  aerodynamic  braking;  in 
final  descent,  by  a  parachute  plus  a 
chemically  fueled  retro  rocket. 

Once  on  the  planet,  the  men  would 
perform  a  very  simple  experiment — 
probably  no  more  than  procuring  sam- 

ples of  Martian  soil  for  more  leisurely 
study  by  others. 

A  proposed  alternate  and  undoubt- 
edly safer  first  attempt  for  a  manned 

landing  on  Mars  is  to  use  two  MEM 
vehicles.  The  first  would  be  sent  un- 

manned to  the  planet's  surface.  If  it 
landed  safely,  a  second  and  manned 
MEM  would  follow.  The  presence  of 
the  first  MEM  would  assure  the  land- 

ing party  of  at  least  one  adequate  re- turn vehicle. 
On  the  other  hand,  if  the  first  MEM 

were  damaged,  the  second  would  be 
sent  down  as  just  another  unmanned 
probe  of  the  planet. 

This  precaution  is  essential  for  a 
Mars  landing  because  even  though  an 
emergency  may  arise,  rescue  would  be 
many  months  to  a  year  away;  on  the 
Moon  on  the  other  hand,  rescue  could 
be  effected  in  less  than  a  week. 

•  Flight  from  Earth — For  both  the 
Venus  and  Mars  missions,  the  basic 
assumption  is  that  the  interplanetary  ve- 

hicle would  be  launched  from  Earth 
orbit.  This  assumes  that  through  the 
Gemini  program,  the  rendezvous  tech- 

niques had  been  completely  solved.  The 

□  □  □ 

Career  challenge  for 

SCIENTISTS  AND 

ENGINEERS 

The  Saturn  S-IVB  stage  is  a  key  element 
in  the  U.S.  Manned  Lunar  Program.  An 
S-IVB  vehicle  will  be  used  to  thrust  the 
manned  Apollo  spacecraft  into  earth 
escape-trajectory  to  the  vicinity  of  the 

moon.  Apollo's  first  orbital  and  re- 
entry tests  will  utilize  the  S-IVB  vehicle 

prior  to  the  final  development  of  the 
Saturn  C-5  Launch  Vehicle. 

ELECTRONIC  SUPPORT 

Utilizing  automatic  computer  con- 
trolled checkout  systems,  the  elec- 
tronic support  equipment  for  the 

Saturn  S-IVB  vehicle  must  provide 
maximum  pre-launch  checkout  in  the 
shortest  possible  time.  Basic  system 
design  concepts,  facilities  planning, 
checkout  philosophy,  and  data  retrieval 
and  display  are  currently  being 
formulated. 

Douglas  is  seeking  electronic  sup- 
port specialists  with  experience  in  total 

computer  design,  color  TV 
display,  logic  design,  or  other 
related  areas  who  can  meet 
the  Saturn  S-IVB  challenge 
in  initial  design,  hardware 
design  and  development 
tests.  Send  your  resume  to 
Mr.  W.  C.  Ames,  Saturn 
S-IVB  Recruitment  Director, 
Douglas  Missile  and  Space 
Systems  Division,  Dept.  J-7, 
3000  Ocean  Park  Boulevard, 
Santa  Monica,  California. 
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Why  settle  for  too  little 

or  pay  for  too  much 

in  a  digital  voltmeter? ...now  you  can  get 
exactly  what  you  need  at  a 

sensible  price  from  KIN  TEL 

These  eight  kin  tel  instruments,  plus  off-the-shelf  accessories, meet  every  known  requirement  for  digital  voltmeters.  This  means 
you  no  longer  have  to  over-  or  under-buy.  You  just  select  the  one 
instrument  that  delivers  the  exact  degree  and  combination  of 
speed,  accuracy,  stability,  adaptability,  range,  and  reliability  your 
particular  applications  call  for. 
Militarized  Digital  Voltmeter  (Model  412).  Rugged,  programmable, 
differential  input.  Auto  ranging,  displays  polarity.  Measures  AC 
and  ±DC  potentials  between  0.001  and  999.9  volts.  Accuracy  is 
0.01%  (of  reading)  ±1  digit  for  DC,  0.1%  of  full  scale  for  AC. 
Designed  to  MIL-E-4158A.  Ideal  for  use  in  automatic  systems. 
Price,  in  quantities  of  five  or  more :  $10,000. 
DC  Digital  Voltmeter  (Model  864A).  New!  High  speed,  solid  state, 
programmable,  modular  construction.  Measures  0.000  to  ±999.9 
volts  to  0.05%  accuracy  within  approximately  0.02  second -within 
0.005  second  when  programmed  to  any  single  range  scale.  Bidirec- 
tionally  follows  inputs  changing  as  fast  as  10  volts  per  second  on 
the  low  range,  100  volts  per  second  on  the  100-volt  range,  or  1000 
volts  per  second  on  the  high  range.  Has  electrical  outputs  for  BCD, 
BCD  excess-3,  or  10-line  parallel  signals  which  are  accessories. 
Price :  From  $3180. 
AC/ DC  Digital  Voltmeter/ Ratiometer  (Model  551).  New!  First  to 
bring  you  5  readings-per-second  speed  with  mercury-wetted  relays. 
Full  5-digit,  measures  DC  from  0.0000  to  ±999.99  volts  to  an 
absolute  accuracy  within  0.01%  of  the  reading,  ±1  digit;  AC  from 
30  to  10,000  cps  between  0.0000  and  999.99  volts  to  an  accuracy 
within  0.1%  of  the  reading  or  0.05%  of  full  scale,  whichever  is 
greater.  Adaptable  without  modification  to  fit  a  variety  of  data- 

logging systems.  Ideal  for  laboratory  use.  Accessories  include 
projection  readout,  BCD  mercury-relay  output,  10-line  mercury- 
relay  output,  and  AC  converter.  Price  (without  optional  visual 
readout)  for  the  basic  5-digit  instrument  with  buffer  register  and 
auto/manual/command  range:  $4150. 
DC  Digital  Voltmeter  and  Ratiometer  (Model  507D).  Measures  volt- 

ages between  ±100  microvolts  and  ±1000  volts,  ratios  between 
±0.0001:1  and  ±999.9:1  with  0.01%  (of  reading)  ±1  digit  ac- 

curacy. Accessories  permit  AC/DC  and  AC/AC  ratio  measurements. 
Stepping  switches  guaranteed  for  2  years.  Price:  $3835. 
DC  Digital  Voltmeter  (Model  501B).  Four-digit,  fifth-digit  over- 
ranging.  Measures  positive  or  negative  DC  between  100  microvolts 
and  1000  volts,  with  0.01%  (of  reading)  ±1  digit  accuracy.  Auto- 

matic or  programmable  range;  auto  polarity.  Combines  the  useful 
accuracy  of  a  5-digit  voltmeter  with  the  stability,  reliability,  and 
price  advantage  of  a  4-digit  voltmeter.  Stepping  switches  guar- 

anteed for  2  years.  Price :  $2995. 
DC  Digital  Voltmeter  (Model  501BZ).  Similar  to  Model  501B  (see 
above ) .  Circuit  is  automatically  and  continually  calibrated  against 
a  Zener  diode  reference  source  instead  of  against  an  unsaturated 
mercury-cadmium  standard  cell.  For  submarine  and  other  special 
environment  applications.  Price :  $3160. 
AC/ DC  Digital  Voltmeter  (Model  502B).  Gives  you  AC  accuracy 
within  0.1%  of  reading;  over-ranging  on  both  AC  and  DC;  auto- 

matic ranging  and  remote  (programmable)  control.  Measures 
DC  between  ±100  microvolts  and  ±1000  volts,  AC  from  30  cps  to 
10  kc  between  1  millivolt  and  1000  volts.  Five-digit  readout. 
Stepping  switches  guaranteed  for  2  years.  Price:  $4245. 
AC/ DC  Digital  Voltmeter  (Model  502BZ).  Similar  to  the  Model  502B 
(see  above).  Circuit  is  automatically  and  continually  calibrated 
against  a  Zener  diode  reference  source  instead  of  against  an 
unsaturated  mercury-cadmium  standard  cell.  Price:  $4410. 
Write  for  detailed  literature  or  a  demonstration  of  any  of  these  exceptional 
instruments.  Representatives  in  all  major  cities.  All  prices  FOB,  San  Diego. 
Calif.  50  cps/220  volt  operation  at  additional  cost 

5725  Kearny  Villa  Road 
San  Diego  12,  California 
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ROBOT  VEHICLE  tows  nuclear  power  source  out  of  lunar  shelter.  Aft  end  of  shelter 
is  pressurized  and  would  house  supplies  and  equipment. 

interplanetary  vehicle  would  have  been 
taken  to  Earth  orbit  by  a  Nova. 

Then,  by  nuclear  propulsion — hy- 
drogen the  working  fluid — the  space- 

craft would  depart  from  Earth  orbit, 
make  a  transit  to  the  target  planet,  and 
enter  the  planetary  orbit.  After  its  work 
was  done,  nuclear  propulsion  would 
take  the  spacecraft  out  of  the  planetary 
orbit  and  onto  the  trip  back  to  Earth. 
Partial  nuclear  braking  would  be  used 
to  slow  the  spacecraft  to  below  para- 

bolic speed  for  Earth  capture. 
Ruppe  estimates  that  the  total 

weight  of  the  spacecraft  starting  out  in 
Earth  orbit  would  be  between  1  and  2 
million  pounds — most  of  it  accountable 
to  liquid  hydrogen — depending  on  the 
mission.  The  manned  capsule  would  be 
heavy — of  the  order  of  100,000  lbs. — 
mostly  because  of  the  shielding  require-  - 
ments. 

•  Best  flight  times — A  trajectory 
analysis  made  by  one  of  the  contractors 
for  the  Martian  mission  indicates  two 
presumably  favorable  times  for  the 
flight:  when  Mars  is  at  its  apocenter — 
that  is,  when  it  is  farthest  out — and 
when  it  is  at  its  pericenter,  or  nearest. 

A  curious  phenomenon  arises, 
though,  because  of  the  fairly  eccentric 
orbit  of  Mars.  When  Mars  is  far  out  the 
energy  and  weight  requirements  are 
raised;  but  when  the  planet  is  nearer,  it 
is  traveling  faster.  The  relatively  slow 
speed  of  Mars  when  it  is  far  out  over- 

rides the  effect  of  its  greater  distance 
and  yields  the  most  appropriate  time  for 
Martian  intercept. 

The  most  favorable  time  for  Mar- 
tian intercept  is  between  1970  and 

1972;  for  some  years  after  1975  the 
flight  task  becomes  markedly  more  diffi- 

cult. Therefore,  if  the  flights  are  post- 
poned to  the  late  1970's,  a  substantial 

flight  penalty  must  be  accepted. 
•  Power  required — The  power  on- 

board needed  for  Empire-type  missions 
is  estimated  at  about  20  to  30  kilowatts 
— about  the  output  of  the  prospective 
SNAPS  nuclear  unit.  The  power  will 
be  needed  for  guidance,  control  and 
communications;  life  support  system; 
and  possibly  for  a  hydrogen  Iiquefica- 
tion  plant  to  minimize  loss  of  the  fluid 
through  vaporization. 

Ruppe  pointed  out  that  the  esti- 
mated cost  of  upward  of  $20  billion  for 

missions  based  on  the  Empire  studies 
would  pay  for  the  planetary  fly-bys, 
manned  vehicles,  the  landing  of  MEM's, 
and  even  for  introducing  ion  propul- 

sion in  the  late  70's,  say  1979. 
Ruppe,  however,  assumes  funding 

only  for  the  procurement  of  Nova  ve- 
hicles and  of  nuclear  engines — not  for 

their  development.  Since  the  Nova  and 
nuclear  engines  are  to  be  used  by  many 
programs,  it  would  seemingly  be  unfair 
to  charge  manned  interplanetary  flight 
for  the  R&D  work,  according  to  Ruppe. 

Although  the  main  purpose  of  the 
Empire  studies  is  to  learn  requirements 
for  post-Apollo  launch  vehicles,  if  these 
requirements  are  appropriately  met  the 
hypothetical  missions  will  become  prac- ticable. 

•  Prospects  for  ASP — The  aero- 

El  □  □ 

Career  challenge  for 

SCIENTISTS  AND 

ENGINEERS 

The  Saturn  S-IVB  stage  is  a  key  element 
in  the  U.S.  Manned  Lunar  Program.  An 
S-IVB  vehicle  will  be  used  to  thrust  the 
manned  Apollo  spacecraft  into  earth 
escape-trajectory  to  the  vicin- 

ity of  the  moon.  Apollo's  first 
orbital  and  re-entry  tests  will 
utilize  the  S-IVB  vehicle  prior 
to  the  final  development 
of  the  Saturn  C-5  Launch 
Vehicle. 

PROPULSION 

The  lunar  mission  of  the 

S-IVB  depends  on  the  use  of  ■ 
high  performance  cryogenic  S 
propellants  in  a  main  propul-  ; 
sion  system  capable  of  engine 

start  at  a  stage  separation  '* and  re-start  in  orbit  for  the  Apollo 
escape.  Attitude  control  during  earth 
orbit  and  escape  requires  a  positive 
expulsion  storable  propellant  system 
for  intermittent  operation  under  zero 
gravity.  Propulsion  requirements  on 
S-IVB  demand  advanced  design  con- 

cepts in  automatic  checkout,  modular 
pneumatic  and  propellant  compo- 

nents, positive  expulsion  devices,  and 
zero  systems. 

Douglas  is  seeking  propulsion  spe- 
cialists who  can  meet  the  Saturn  S-IVB 

challenge  in  initial  design,  hardware 
design,  and  development  tests.  Send 
your  resume  to  Mr.  W.  C.  Ames,  Saturn 
S-IVB  Recruitment  Director,  Douglas 
Missile  and  Space  Systems  Division, 
Dept.  J-8, 3000  Ocean  Park  Boulevard, 
Santa  Monica,  California. 

DOUGLAS 

MISSILE  Si  SPACE 
SYSTEMS  DIVISION 

An  equal  opportunity  employer 
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TAKE  YOUR  FIRST  LOOK 

AT  THE  NEW  CONTROL  DATA 

3600  COMPUTER  SYSTEM 

EXECUTES  OVER  500,000  INSTRUCTIONS  PER  SECOND! 

At  this  speed,  a  typical  Control  Data  3600 
system  can  automatically  interchange  data  with 
peripheral  equipment  at  4  million  characters 
per  second.  Through  additional  data  channels, 
interchange  rates  are  smoothly  expandable  to 
15  million  characters  per  second.  The  3600 
memory  is  expandable  (in  16,384  word  incre- 

ments) to  262,144  words*. 
These  and  many  other  performance  charac- 

teristics put  the  Control  Data  3600  Computer 

in  a  class  by  itself.  This  is  also  true  for  the 
3600  programming  services. 

The  3600  is  designed  to  take  full  advantage 
of  new  programming  systems  as  they  are  de- 

veloped— and  is  already  compatible  with  most 
systems  existing  today.  Yet,  it  is  priced  less  than 
any  computer  approaching  its  capabilities. 

Talk  to  your  Control  Data  representative 
soon  about  your  computing  problems  and  the 
new  Control  Data  3600  Computer  System. 

*(51-bil  parity-checked  words) 

THE  BASIC  PROGRAMMING  SYSTEMS  OF  THE  3600 
MCS  (Master  Control  System)    FORTRAN    ALGOL    COBOL    COMPASS    1604  COMPATIBILITY  PACKAGE 

Offices:  Albuquerque  •  Beverly  Hills  •  Birmingham  •  Boston 
•  Chicago  •  Cleveland  •  Dallas  •  Dayton  •  Denver  •  Detroit 
•  Honolulu  •  Houston  •  Ithaca  •  Kansas  City  •  Minneapolis 
•  Newark  •  Orlando  •  Palo  Alto  •  Toronto  •  Washington,  D.C 

8100  34  th  Avenue  South 
Minneapolis  20, 

Minnesota 
CONTROL  DATA 

CORPORATION 
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space  plane  (ASP)  is  expected  to  be  a 
billion-dollar  project. 

Its  mission  will  be  to  transport  men 
and  material  economically  between 
Earth  and  Earth  orbit. 

Because  it  will  be  costly,  NASA  and 
the  Air  Force  are  planning  to  fund  the 
project  jointly — as  they  are  now  doing 
with  the  X-15  rocket  airplane. 

Development  of  ASP,  though  not 
certain,  will  probably  be  approved,  ac- 

cordingly to  Charles  H.  Zimmerman, 
NASA  Director  of  Aeronautical  Re- 

search. Two  years  will  probably  be 
needed  to  reach  a  firm  decision — bar- 

ring a  crash  program — and  another 
seven  to  10  years  to  design  and  build 
the  craft. 

A  two-stage  vehicle  is  foreseen. 
•  Background — The  start  of  a  pos- 

sible NASA-USAF  program  for  ASP 
grew  out  of  a  meeting  last  spring  be- 

tween Brockway  McMillan,  USAF  As- 
sistant Secretary  for  R&D,  and  Thomas 

F.  Dixon,  NASA  Deputy  Associate  Ad- 
ministrator. 

An  expanded  meeting  was  set  for 
July  where  NASA  acd  USAF  experts 
told  what  might  be  needed  to  develop 
ASP.  Teams  with  joint  chairmanships 
were  organized  to  look  more  deeply  into 
these  needs  and  come  back  in  Septem- 

ber with  recommendations. 
At  the  September  meeting,  the 

teams  recommended  specific  questions 
to  be  explored  by  the  two  agencies  to 
get  a  better  idea  of  the  scope,  man- 

power and  funds  needed  for  ASP. 
•  Current  status — Tentative  plans 

covering  the  work  that  must  be  done 
have  been  proposed  and  are  now  being 
coordinated.  The  hope  is  to  have  an- 

other joint  discussion  in  the  very  near 
future  to  get  approval  of  the  plans. 

A  go-ahead,  however,  will  bring  new 
problems  to  NASA;  it  will  call  for  more 
work  and  funds  than  the  space  agency 
originally  expected  to  spend  for  initial 
ASP  studies.  The  agency,  therefore,  will 
have  to  decide  how  much  of  the  work 
it  can  afford  to  do. 

•  Cost — The  aerospace  plane  will 
probably  cost  close  to  $1  billion  to  de- 

velop. "This  is  a  very  rough  figure,"  a 
NASA  official  explained,  "because  ob- 

viously we  haven't  gone  far  enough  to 
quote  a  solid  figure.  It  could  be  a  large 
fraction  of  a  billion  or  even  billions." 

He  drew  a  parallel  between  ASP's 
development  cost  and  the  X-15's:  "That (X-15)  is  a  relatively  simple  vehicle  and 
it  ran  into  hundreds  of  millions  of  dol- 

lars; it's  hard  to  see  that  the  ASP  could 
cost  less — to  say  the  very  least." 

•  The  ASP  mission — Though  civil- 
ian and  military  specifications  for  an 

ASP  system  may  in  some  instances  dif- 
fer, the  technical  aims  are  the  same, 

according  to  officials  for  NASA  and 
USAF.  They  do  not  expect  possible 

conflicts  in  concept  to  cause  any  major 
interagency  problems. 

"I  think  the  Air  Force  and  NASA 
agree  about  the  basic  mission  of  the 
ASP  system,"  Zimmerman  said.  "We 
want  to  get  a  vehicle  system — as  eco- 

nomical a  one  as  possible — that  will  be 
a  means  of  transportation  and  logistics 
support  for  Earth-orbiting  space  sta- 

tions." He  emphasized,  "it  is  essential 
that  we  recover  the  components  instead 
of  throwing  them  away;  therefore  we 
are  working  toward  recoverable  stages." 

Zimmerman  stressed  "economical": 
"If  you're  going  to  have  space  stations 
we  want  to  be  able  to  service  them  with- 

out bankrupting  the  country  everytime 

you  send  men  and  material  up  there." 
The  present  concept  is  of  a  vehicle 

that  will  take  off  and  land  like  an  air- 
plane. "What  we  might  be  forced  into 

is  something  else,"  said  Zimmerman. 
At  the  present,  though,  the  picture  is  of 
"flying  machines  complete  in  them- 

selves rather  than  having  parts  that  drop 
off  and  are  recovered  by  parachutes  or 

other  means." ASP  will  have  no  function  in  space 
other  than  to  get  there.  NASA,  there- 

fore, considers  it  an  aeronautical  vehicle 
system  rather  than  a  space  vehicle  sys- 

tem. For  this  reason,  technical  responsi- 
bility for  its  development  once  the  proj- 

ect is  approved  will  be  under  Charles 
Zimmerman. 

•  ASP  design — Chances  are  that 
ASP  will  be  a  two-stage  device:  the 
first  stage  would  boost  the  vehicle  to 
speed  and  then  would  be  piloted  back  to 
Earth;  the  second  stage,  meanwhile, 
would  proceed  to  rendezvous  with  its 
men  and  materiel. 

The  Air  Force  would  much  prefer 
doing  the  job  in  a  one-stage  vehicle,  but 
it  does  not  seem  possible  within  the 
present  stage  of  technology. 

•  Timetable — "Our  hope  is  to  de- 
cide within  the  next  couple  of  years  if 

we  should  go  ahead  with  ASP,  and  in 
what  direction,"  said  Zimmerman. 
"Then  come  the  design  studies." 

The  two  years  will  be  spent  with  in- 
house  studies  and  possibly  some  by  in- 

dustry to  help  us  reach  decision,"  Zim- merman explained.  He  pointed  out  that 
the  X-15  took  five  to  seven  years  from 
the  time  of  the  first  serious  studies  of 
the  system  until  the  first  vehicle  was 
flying.  ASP  is  not  expected  to  take  a 
shorter  time. 

Zimmerman  estimated  a  seven-to-ten- 
year  period  after  initial  studies  before 
there  would  be  a  flying  ASP.  Nearer  ten 
years  seemed  more  likely,  according  to 
Zimmerman,  but  "it  could  be  shortened 
under  a  crash  program." 

At  the  present  time  NASA  is  budg- 
eting its  ASP  work  under  its  hypersonic 

research  vehicle  program:  there  is  no 
line  item  in  the  NASA  budget  for  an 
aerospace  plane.  8 

Career  challenge  for 

SCIENTISTS  AND 

ENGINEERS 

The  Saturn  S-IVB  stage  is  a  key  element 
in  the  U.S.  Manned  Lunar  Program.  An 
S-IVB  vehicle  will  be  used  to  thrust  the 
manned  Apollo  spacecraft  into  earth 
escape-trajectory  to  the  vicinity  of  the 
moon.  Apollo's  first  orbital  and  re- 

entry tests  will  utilize  the  S-IVB  vehicle 
prior  to  the  final  development  of  the 
Saturn  C-5  Launch  Vehicle. 

VEHICLE  ELECTRONICS 

The  success  of  the  Manned  Lunar 
Program  requires  the  development  of 
advanced  telemetry  and  instrumenta- 

tion systems  to  provide  accurate 
development  information  during 
ground  and  flight  tests  of  the  Saturn 
S-IVB.  The  success  of  S-IVB  systems 
depends  on  innovations  in  packaging 
techniques  to  insure  reliable  operation 
during  extensive  space  flight. 

Douglas  is  seeking  vehicle  elec- 
tronics specialists  with  experience  in 

field  station  test,  circuit  design,  elec- 
tronic packaging,  or  other  related 

areas  who  can  meet  the  Saturn  S-IVB 
challenge  in  initial  design,  hardware 
design  and  development  tests.  Send 
your  resume  to  Mr.  W.  C.  Ames,  Saturn 
S-IVB  Recruitment  Director,  Douglas 
Missile  and  Space  Systems  Division, 
Dept.  J-9, 3000  Ocean  Park  Boulevard, 
Santa  Monica,  California. 
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COMPONENT  AND 

SERVO  PACKAGE  CAPABILITY 

Bowmar  Instrument  Corporation  gives  you  a  de- 
finitive combination  of  advantages  in  the  field 

of  precision  servo  packages  and  matched  com- 
ponents for  space,  military,  industrial  and  com- 
mercial applications. 

Proven  PRODUCT  ASSURANCE  is  achieved  by 
creative  engineering  —  quality  assurance  backed 
by  extensive  precision  manufacturing  capability, 
proprietary  test  instrumentation  and  finally  by 
rigorous  evaluation  to  customer-specified  en- 

vironmental conditions. 

Bowmar-TIC-Acton  provides  you  with  the  kind  of 
control  you  need  for  OPTIMUM  system  reliability. 

850  Lawrence  Drive 
Newbury  Pk.,  Calif. 
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High  and  Low  Temperature 
Temperature-Altitude 
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NASA/launch  vehicles 

Post-Saturn  Booster  Picture  Cloudy 

Overall  vehicle  program  may  have  $2-billion  prketag 

in  FY  '64;  Nova  due  in  '65-'66 — or  when  there's  money 

AS  NASA  MOVES  into  high  gear 
in  the  manned  lunar  program,  large 
launch  vehicles  beyond  the  Advanced 
Saturn  are  practically  slipping  out  of 
sight. 

Official  estimates  now  put  Nova  ve- 
hicle development  in  the  late  1965-1966 

calendar  period — and  even  these  pro- 
jections are  qualified.  In  spite  of  this, 

NASA  experts  are  confident  about  the 
eventual  existence  of  a  Nova.  The 
problem  is  funding. 

The  overall  launch  vehicle  program 
may  account  for  about  $2  billion  of 
the  Fiscal  1964  NASA  budget — with 
the  lion's  share  going  to  support  the 
Apollo  program.  Facility  and  test- 
stand  construction  will  absorb  around 
$500  million  of  this  total. 

The  vehicles  involved  are  the  Saturn 

family— the  C-l ,  C-1B  and  C-5— with 
total  launch  vehicle  costs  pegged  at 
approximately  50%  of  all  expenditures 
needed  to  put  an  American  on  the 
Moon. 

A  more  detailed  breakdown  has 
$200  million  slated  for  vehicle  develop- 

ment in  the  C-l  program  in  fiscal  '63, 
expected  to  drop  to  about  $60  million 
in  FY  '64.  Apollo  C-l  and  the  related 
Little  Joe  vehicle  procurement  will  take 
about  $50  million  in  fiscal  '63  with  the 
bulk  going  to  the  Saturn.  Fiscal  '64 spending  here  will  amount  to  about 
$100  million,  almost  all  for  the  C-l. 

In  addition,  space  sciences  and  lunar 
probe  programs  will  require  two  or 
three  C-l  vehicles  in  Fiscal  '64. 

Funding  for  the  Advanced  Saturn 
will  hit  the  $300-$350  million  mark  in 
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Fiscal  '63  with  a  programed  rise  to 
around  $700  million  expected  in  FY 
'64.  Scout,  Atlas-Agena,  Delta  and 
Thor-Agena  vehicle-procurement  costs 
through  program  completion  are  listed 
with  the  NASA  Scientific  Satellite  Sec- 

tion in  this  issue  (see  p.  109). 
The  Centaur  program  was  recently 

shifted  from  Marshall  Space  Flight 
Center  to  the  Lewis  Research  Center, 
and  a  detailed  program  review  is  in 
progress.  Centaur  funding  totalled  $100 
million  in  Fiscal  '63  and  is  expected 
to  remain  the  same  for  the  next 
fiscal  year.  The  Gemini  launch  vehicle 
(Titan  II)  expenditure  will  amount  to 
about  $25  million  in  FY  '63. 

•  Nebulous  Nova — Study  efforts  on 
post-Saturn  boosters  have  been  in  prog- 

ress for  some  time  by  the  Future 
Projects  Office  at  Marshall  Space  Flight 
Center,  both  in-house  and  funded  to 
industry. 

Certain  Nova  studies  in  the  works 
might  easily  form  the  preliminary  de- 

sign for  a  firm  hardware  program  if  the 
decision  to  go  came  by  next  summer. 
But  these  are  study  efforts,  and  FPO 
spokesmen  are  careful  to  emphasize  the 
"study"  aspect. 

Study  programs,  however,  provide 
NASA  with  the  depth  needed  to  move 
actively  into  a  hardware  program.  This, 
in  the  case  of  Nova,  includes  all  the 
operations  necessary  to  support  a  sys- 

tem —  ground  facilities,  fabrication, 
transportation,  launch  complex,  etc. 

In  all  their  work,  FPO  experts  face 
the  problem  of  obsolescence,  especially 
when  hardware  decisions  are  delayed,  as 
is  often  the  case.  But  this  does  not 
render  a  study  useless.  In  fact  the 
groundwork,  with  changes  and  imple- 

mentation, usually  is  applicable  to 
another,  more  advanced,  concept. 

The  Nova  vehicle  makeup  is  not 
yet  known  although  studies  in  progress 
at  Martin  and  General  Dynamics/ 
Astronautics  should  clarify  the  concept. 
The  vehicle  is  to  have  two  to  three 
times  the  weight-lifting  capability  of  the 
Saturn  C-5:  to  launch  45  tons  to 
escape  velocity  or  to  place  120  tons  in 
Earth  orbit. 

Part  of  Future  Projects  thinking  in- 
cludes the  assumption  that  NASA  may 

not  want  the  currently  defined  Nova, 
and  study  inputs  are  being  correlated 
to  define  something  referred  to  as  the 
"next  large  launch  vehicle  after  the 
C-5."  This  might  be  a  Nova  type  or 
what  is  called  a  post-Nova  vehicle. 

•  FPO  functions — All  programs  in 
the  FPO  deal  with  launch  vehicles;  pay- 
loads  are  considered  lumps  of  poundage. 
Studies  now  in  progress  are  not  limited 
to  Nova,  or  even  a  liquid  Nova.  Boeing 
is  under  contract  to  investigate  the  pos- 

sibility of  a  solid-fueled  iVova-type 
booster. 

S-1C  STAGE  OF  SATURN  C-5 

missiles  and  rockets,  November  26,  1962 89 



Own  a  CEC  5-119 

Recording  Oscillograph? 

Add  Datarite 

for  instant  records 

CEC's  5-036  Datarite  Magazine  provides  the  shortest  con- 
tinuous record  access  time  of  any  known  oscillographic 

process.  Oscillograms  are  automatically  developed  and  dried 

within  the  magazine  as  quickly  as  data  is  recorded.  Records 

are  characteristically  of  high  trace  contrast  and  perma- 

nency. Recording  speeds  are  from  0.1  to  25  ips.  And  capac- 

ity is  400  feet  of  commercially  available  (see  opposite  page) 

photographic  papers.  Full  facts?  Call  your  CEC  office  or 

write  for  Bulletin  5119-X10. 

Data  Recorders  Division 

CONSOLIDATED  ELECTRODYNAMICS 
PASADENA,  CALIFORNIA    .    A  SUBSIDIARY  OF  BELL  &  HOWELL 

Other  studies  involve  a  solid  C-l- 
type  Saturn  and  a  second-generation, 
more-sophisticated,  liquid  C-l  with  the 
same  basic  capabilities  as  the  current 
model. 

There  are  investigations  into  up- 
grading the  basic  F-l  engine  or  F-l 

derivatives  to  a  single  unit  thrust  of 
about  2.5  million  lbs.  A  list  of  pending 
study  contracts  illustrates  the  scope  and 
depth  of  the  possible  launch  vehicles 
under  consideration. 

These  include  the  post-Nova  ve- 
hicle, a  re-usable  10-ton  orbital  carrier 

vehicle,  a  re-usable  ground-launch 
vehicle  in  the  50  to  100-ton  orbital  pay- 
load  class,  the  Nova  solid-propellant 
vehicle  preliminary  design,  an  advanced 
lunar  transportation  system,  a  planetary 
trajectory  manual,  an  early  manned 
planetary  mission  (EMPIRE),  a  low- 
acceleration  space  transportation  system, 
application  of  solids  to  future  Saturn 
C-7-class  vehicles,  Earth  orbital  opera- 

tions manual  and  lunar  flight  handbook, 
and  the  Nova  vehicle  system. 

Most  of  these  studies  range  in  the 
$50,000  to  $400,000  class  except  the 
Nova  vehicle  project.  This  carries  a 
planned  price  tag  of  $2.1  million.  But 
Future  Projects  gets  much  more  than 
the  allotted  dollar  figures  indicate.  In 
many  cases,  contracted  firms  invest  their 
own  funds  in  the  studies. 

Almost  all  studies  farmed  out  to  in- 
dustry are  on  an  open-bid  basis,  but  to 

win  acceptance  a  firm  must  prove  capa- 
bility in  the  study  area.  NASA  will 

always  choose  the  firm  that  stretches  the 
study  dollar  furthest.  For  instance,  all 
other  things  equal,  one  company  may 
have  already  embarked  on  a  computer 
program  within  a  study  contract  area. 
NASA  would  grant  the  study  to  this 
firm  since  one  aspect  of  the  job  is 
already  done. 

o  Industry  help  welcomed — Future 
Projects  welcomes  industry  help.  Deputy 
Director  Frank  L.  Williams  says  one  of 
the  most  fruitful  areas  within  the  inter- 

related studies  is  the  recognition  of 
problems  only  industry  can  handle — 
welding  thick  aluminum  on  a  produc- 

tion basis,  for  example. 
The  severe  budget  limitations  im- 

pose another  qualification  on  future 
large  launch  vehicles — the  concept  of 
re-usability.  Recoverability  means  the 
difference  between  limited  attacks  on 
space  and  a  full-scale  series  of  opera- 

tions— covering  lunar  bases,  manned 
satellites  and  planetary  exploration. 

Some  NASA  experts  are  fully  con- 
vinced the  C-5  is  the  last  reasonable 

expendable  booster  the  economy  can 
provide  without  seriously  impairing 
programs  other  than  manned  lunar 
landing  and  establishment  of  men  on  the 
Moon. 

Recovery  systems  have  been  under 
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study  for  several  years  and  the  preva- 
lent opinion  is  that  such  systems  can  be 

produced  without  technical  break- 
throughs or  any  stretch  in  the  state  of 

the  art.  Some  industry  spokesmen  call 
it  a  matter  of  engineering  development. 

There  are  certain  general  problem 
areas  inherent  in  booster  recovery  no 
matter  what  size  the  vehicle.  Expendable 
launch  vehicles  are  designed  primarily 
to  achieve  structural-weight-to-propel- 
lant-weight  ratio,  maximizing  the  pay- 
load. 

This  design  criterion  means  the 
vehicle  will  have  deceleration  loads  and 
re-entry  heating  conditions  complicating 
the  design  of  the  recovery  technique. 
After  separation,  a  recovery  system  must 
provide  for  proper  vehicle  stabilization 
and  orientation,  means  to  reduce  vehicle 
velocity  to  alleviate  re-entry  loads  and 
aerodynamic  heating,  and  terminal 
descent  and  landing. 

In  each  case,  it  must  be  determined 
if  the  vehicle's  natural  stability  charac- 

teristics will  suffice  or  if  it  will  require 
kick  rockets,  stabilization  fins,  inflatable 
drag  devices  or  other  means  to  obtain 
proper  attitude  alignment  during  re- 
entry 

•  Separation  questions — If  the  un- 
stable vehicle  develops  tumbling  or  flat 

spin  rotational  motion  at  separation,  or 
both,  these  must  be  eliminated  during 
free  flight.  These  motions  could  easily 
break  the  vehicle  into  fragments. 

In  addition  to  natural  aerodynamic 
instability,  separation  might  impart  an 
initial  motion  to  the  launch  vehicle — 
through  the  use  of  separation  retros  or 
second-stage  ignition  into  the  top  of  the 
first  stage. 

This  initial  motion  may  start  residual 
propellants  sloshing  inside  the  tanks. 
This  leads  to  another  consideration — 
dumping  of  residuals.  While  dumping 
appears  feasible,  trade-off  studies  may 
indicate  that  addition  of  propellant- 
dumping  capabilities  is  a  detriment  to 
mission  reliability. 

Investigations  show  present  designs 
offer  little  hope  of  surviving  re-entry 
deceleration  loads.  Controlling  the 
energy  of  the  vehicle  during  this  phase 
will  be  necessary.  Since  deceleration — 
as  well  as  heating  rates — depends  greatly 
on  vehicle  configuration  and  trajectory, 
both  of  these  must  be  carefully  con- 

sidered, say  NASA  experts,  before 
selecting  the  recovery-system  method. 

In  terminal  descent  and  landing,  the 
recovery  system  is  a  function  of  allow- 

able vehicle  structure  loads.  Marshall 
experts  have  investigated  water  land- 

ings somewhat  extensively,  and  the  pen- 
alty in  terms  of  corrosion  and  refurbish- 

ment costs  does  not  seem  to  be  as  high 
as  previously  anticipated. 

The  immediate  benefits  of  recovery 
include  post-flight  examinations,  re-use 
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sixth  test  flights.  The  10-flight  schedule 
is  directed  primarily  at  proving  the 
vehicle  itself,  with  a  secondary  mission 
of  testing  early  Apollo  models. 

The  C-l  series  has  been  modified 
to  handle  two  of  the  three  Apollo  mod- 

ules through  an  increase  in  the  pro- 
pellant  capacity  of  the  booster  from 
750,000  lbs.  to  850,000  lbs.  beginning 
with  the  fifth  flight,  and  the  addition  of 
two  engines  to  the  S-IV  stage.  The  extra 
engines  push  S-IV  thrust  from  70,000 
to  90,000  lbs. 

The  Saturn  C-l  booster,  or  S-l ,  gen- 
erates 1.5  million  lbs.  thrust  from  eight 

Rocketdyne  H-l  engines — each  ulti- 
mately contributing  188,000  lbs.  thrust. 

The  H-l  engine  is  an  advanced  offspring 
of  the  Jupiter  and  Thor  engine  using 
RP-1  and  LOX  as  propellants. 

An  eight-leg  thrust  frame  supports 
the  H-l  engine  cluster,  with  four  in- 

board engines  rigidly  fixed  at  an  angle 
of  3°  to  the  longitudinal  axis  of  the 
booster.  The  four  outboard  engines  are 

gimballed  and  placed  at  a  6°  angle  to the  axis. 

Nine  separate  tanks — one  center  and 
four  outer  LOX  vessels  and  four  outer 
fuel  tanks — feed  the  engines,  with  inter- 

connection provisions  made  to  bypass  a 

LAUNCH 
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(1000  LB.) PROPELLANT DIAMETER HEIGHT 
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(1000  LBS.) 

300  es- NM  CAPE 
SCOUT 1.  Algol 
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98 48 

13.6 
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80 
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1000 
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ATLAS  II 1.  XLR-87 
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430 
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NASA'S  CURRENT  LAUNCH  VEHICLES 

of  flight-proven  hardware,  cost  reduc- 
tion, and  avoidance  of  expended  booster 

fallout.  By  far  the  most  important  in 
terms  of  Nova  and  post-Nova  vehicles 
is  the  cost-reduction  aspect. 

A  considerable  effort  is  being  made 

to  adapt  recovery  systems  to  the  Saturn 
family,  all  the  way  from  the  C-l  to  the 
C-5.  But  all  these  vehicles  are  expend- 

able, as  currently  defined. 
•  Current  Saturn  status — The  Sat- 
urn series  starts  with  the  C-l,  Block  I 

and  runs  through  the  massive  C-5  or 
Advanced  Saturn  in  an  orderly,  funded 
schedule — aimed  primarily  at  complet- 

ing the  manned  lunar  landing  task  but 
having  the  capability  of  innumerable 
other  missions. 

The  C-l,  Block  I  version  of  Saturn 
consists  of  a  maximum  of  three  stages — 
5-/,  S-IV,  and  S-V  (Centaur)  in  a  10- 
vehicle  research  and  development  pro- 

gram. Two  of  the  tests  using  the  S-l 
and  inert  upper  stages  were  successfully 
completed  with  launchings  down  the 
Atlantic  Missile  Range  Oct.  27,  1961 
and  last  April  25. 

The  first  four  flight  tests  will  have 
inert  upper  and  live  first  stages  only, 
with  the  live  second  stage  S-IV  moving 
into  the  test  program  in  the  fifth  and 

failed  engine  and  feed  all  the  propellant 
to  the  remaining  seven  if  an  in-flight 
malfunction  occurs. 

•  Work  sites — The  S-l  is  under 
development  at  the  Marshall  Space 
Flight  Center  with  initial  boosters  being 
assembled  at  the  facility.  Twenty-one 
"operational"  boosters  will  be  built  by 
Chrysler  at  the  huge  Michoud  complex 
near  New  Orleans. 

The  S-IV  second  stage  of  the  C-l 
series  is  being  built  by  Douglas  Aircraft 
and  consists  of  6  RL-10  Pratt  &  Whitney 
1 5, 000-lb. -thrust  engines.  The  propel- 

lant combination  is  liquid  hydrogen  and 
LOX  housed  in  a  single  self-supporting 
tankage  complex  with  a  common  bulk- 

head separating  the  two. 
The  S-IV  vehicle  is  controlled  by 

gimballing  the  six  engines  in  response  to 
signals  from  the  vehicle  instrument  unit 
located  just  forward  of  the  stage.  Each 
engine  is  mounted  at  a  6°  angle  out from  the  centerline. 

This  basic  vehicle  has  an  Earth  orbit 
capability  of  about  20,000  lbs.  and  will 
be  used  to  perform  early  flight  tests  of 
prototype  Apollo  spacecraft  modules  as 
well  as  to  supplying  launch-vehicle 
program  data. 

This  represents  the  C-l  Block  II 
booster  combination,  including  the  in- 

creased propellant  capacity  and  the 
addition  of  aerodynamic  fins. 

A  third  stage,  the  S-V  or  Centaur. 
will  be  used  for  certain  C-l  flights  re- 

quiring escape  velocity,  such  as  soft- 
landing  instruments. 

The  C-l  Block  II  launch  vehicle  is 
not  powerful  enough  to  lift  the  com- 

plete lunar  exploration  spacecraft  into 
Earth  orbit.  The  Lunar  Excursion 
Module  puts  the  Apollo  package  beyond 
the  C-l.  NASA  filled  this  gap  by 
creating  a  Saturn  hybrid — the  C-1B,  a 
mixture  of  C-5  upper  stages  and  C-l boosters. 

The  C-1B  will  be  able  to  place  about 
32,000  lbs.  in  Earth  orbit  It  consists  of 
the  C-l  booster  and  the  C-5  third  stage, 
liquid  hydrogen  S-IVB.  The  latter  is 
under  development  by  Douglas  Aircraft. 

The  S-IVB  uses  a  single  J-2  engine, 
providing  about  200,000  lbs.  thrust  with 
tankage  sized  for  approximately  230,000 
lbs.  of  propellant  for  orbital  operations 
— including  allowance  for  boil-off  and 
power  during  orbital  coast. 

This  stage  will  draw  heavily  on  the 
technology  developed  in  the  S-IV  pro- 

gram. The  C-1B  concept  makes  possible 
complete  flight  testing  of  the  Apollo 
module  complex  a  year  earlier  than 
originally  planned.  It  also  checks  out 
flight  characteristics  of  the  S-IVB  a 
year  sooner  than  expected. 

•  Advanced  configuration — The  last 
configuration  in  the  current  Saturn 
family  is  the  massive  Advanced  Saturn 
or  C-5 — destined  to  support  circum- 
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The  Task;  To  Achieve  the  Ultimate  in  Mission  Accomplish- 
ment for  Aerospace  Systems,  with  MAN  "in  the  loop." 

The  Solution:  Translation  of  Man/Machine  Technology  into 
Integrated  Control  and  Display  Systems  through  Refined 
Management  Techniques. 

Acquisition  of  technical  information  required  forthe  development 
of  space  systems  must  be  rapid  and  efficient.  By  analyzing  the 
problems  of  a  system  at  its  inception,  the  most  effective  way  of 
acquiring  the  necessary  technology  can  be  determined  and 
implemented  quickly.  Deciding  the  needs  for  data  display  is 
equal  in  importance  to  the  development  of  the  methods  of  display. 
The  capability  of  Lear  to  translate  system  requirements  into 
operable  control  and  display  hardware  is  widely  recognized. 
Lear  experience  includes  the  development  of  wholly  integrated 
systems  for  supersonic  aircraft  and  space  vehicles,  and  Lear 
possesses  exceptional  ability  to  acquire,  process  and  display 
technical  information  for  the  ultimate  in  mission  management. 
We  call  it  Control-Display  Systems  MANagement. 

LEAR  SIEGLER,  INC. 
INSTRUMENT  DIVISION 
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lunar  flight  and  the  manned  lunar  land- 
ing. The  C-5  development  requires  only 

a  modest  extension  of  present  technol- 
ogy, but  the  extreme  size  and  weight  of 

the  vehicle  and  its  stages  pose  new 
problems  in  fabrication,  handling,  test 
and  transportation. 

The  C-5  first  stage,  or  S-1C,  is  under 
development  by  Marshall  and  the 
Boeing  Co.  A  final,  definite  contract 
with  the  Seattle  firm  is  expected  before 
the  end  of  this  year.  It  will  run  through 
1966  at  an  anticipated  cost  of  more  than 
$300  million. 

Basic  configuration  of  the  S-1C  is 
cylindrical,  with  separate  propellant 
tanks.  Suction  lines  from  the  forward 
LOX  tank  will  pass  through  funnels  in 
the  fuel  tank  to  the  engines.  Dry  weight 
of  the  stage  will  be  around  280,000  lbs., 
with  a  propellant  capacity  of  about 
4,400,000  lbs. 

The  stage's  structural  configuration 
will  be  an  all-welded  assembly  of 
cylindrical  ring  segments  with  dome- 
shaped  bulkheads.  Both  tanks  will  have 
slosh  baffles  over  the  full  depth  of  the 
liquids. 

Five  Rocketdyne  F-l  engines  will 
form  the  propulsion  package,  giving  a 
total  rated  thrust  of  7.5  million  lbs. 
The  F-l  is  now  being  static  fired.  Pro- 

duction engines  will  be  delivered  to 
NASA  in  1963. 

exausm  asee 
lox  vcnt  iwe 

STA  938 

STA  244  75 

STA  196 FIT  SEPARATION STA  BO 
GtMBAL  PLANE 

STA  -40 
FIELD  SPLICE 

iv,  veur ceifTte  eiK»K 
sowaer  smcruee 

at  r/u  t/>AM 
STAGE  OF  SATURN  C-5 

Four  of  the  engines  will  be  mounted 
on  a  364-in.  diameter  ring  with  the 
pumps  inward.  One  engine  is  rigidly 
mounted  on  stage  centerline.  The  four 
outer  units  will  be  gimballed  and 
shrouded  for  protection  against  external 

The  whole  is  greater  than  the  sum  of  its  parts 
in  CRYOGENIC  SYSTEMS  built  by  COSMODYNE 

Experience  and  Cosmodyne  components 
are  the  plus  factors  that  make  the  sys- 

tem greater  than  the  sum  of  its  parts. 
Field  erected  or  pre-engineered  packaged 
liquefiers,  high-pressure  gas  systems, 
space  simulators  and  test  complexes  are 
a  few  of  the  systems  developed  by 
Cosmodyne. 
Let  us  put  our  experience  to  work  for 
you  in  .  .  . 
•  FLUORINE  •  HYDROGEN 
•  HELIUM  •  ARGON 
.  NITROGEN  '  OXYGEN 

Send  for  our  brochure. 

kcs^  THE  COSMODYNE  CORPORATION J^V  3232  W.  EL  SEGUNDO  BLVD.,  HAWTHORNE,  CALIF. 
TELEPHONE:  SPring  2-3411 

aerodynamic  loadings. 
The  LOX  system  will  be  pressurized 

by  gaseous  oxygen  generated  through 
engine-coupled  heat  exchangers.  The 
kerosene  fuel  system  will  be  pressurized 
by  liquid  helium  stored  in  pressure bottles. 

Design  of  the  stage  is  a  joint  under- 
taking between  Boeing  and  Marshall. 

Boeing  will  produce  24  flight  units  at 
the  Michoud  plant.  The  flight  units  will 
be  static  fired  at  the  Mississippi  Test 
Facility  but  earlier  non-flight  versions 
will  be  tested  at  Marshall. 

The  second  stage  of  the  C-5,  the  S-II, 
under  development  by  the  Space  and 
Information  Systems  Div.,  North 
American  Aviation,  will  generate  one 
million  pounds  of  thrust  with  five  J-2 
LOX/liquid  hydrogen  engines.  The  J-2 
engine  is  being  developed  by  the  Rocket- 
dyne  Div.,  North  American. 

The  S-II  will  be  controlled  by  gim- 
balling  the  four  outer  engines,  placed  in 
a  square  pattern.  The  fifth  engine  will 
be  rigidly  mounted  in  the  center.  The 
primary  guidance  and  control  signal  will 
be  provided  from  the  vehicle  instrumen- 

tation unit  located  forward  of  the  last 
stage. 

NASA  plans  currently  call  for  the 
furnishing  of  the  S-II  complete  with 
interstage  to  the  S-1C.  Since  the  separa- 

tion scheme  is  a  short  coast  before 
engine  ignition,  retro  rockets  will  be 
required  on  the  first  stage  and  ullage 
rockets  will  be  provided  on  the  S-II  to 
assure  proper  propellant  seating  before 

ignition. The  third  stage  of  the  C-5  is  the 
S-IVB  described  earlier  in  the  Saturn 
C-IB  configuration. 
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CUSTOM  TIMING  SYSTEMS 

FROM  STANDARD  ASSEMBLIES 

You  get  solid  state  timing  systems  tailored 

to  your  specific  requirements— from  sophis- 
ticated range  timing  systems  to  portable 

instrumentation —with  Astrodata's  unique, 
building-block  production  technique. 

For  example,  you  can  select  fundamental 

units  from  the  table  below,  then  designate 
standard  options  to  obtain  exactly  the  tim- 

ing functions  most  suited  to  your  particular 
requirements.  Numerous  standard  options 
have  been  designed  and  built  to  provide  you 
with  the  most  versatile  — and  highly  reliable 
—  timing  equipment  available  today. 

TIME  CODE  GENERATING  SYSTEMS 
IRIG,  NASA,  AMR,  PMR,  White  Sands,  Eglin  and  special  codes  available 

Model  6190  Up  to  8  serial  time  codes 
simultaneously. . .  standard  pulse  rates . . .  decimal  display 
...stability  to  1  part  in  10B. 
Model  6140  Up  to  4  serial  time-of-day  codes 
simultaneously. . .  standard  pulse  rates . . .  decimal  display 
. . .  stability  to  1  part  in  108. 

Model  6100  Up  to  4  serial  time-of-day  codes  . . . 
standard  pulse  rates  . . .  binary  display. . . 
stability  to  1  part  in  108. 

TIME  CODE  TRANSLATOR  SYSTEMS 

Model  6220  UNIVERSAI  
translates  all  serial  time 
codes  to  decimal  display . . . 
parallel  BCD  output. 
Tape  Search  and  Control 
Units  (Models  6224, 6225, 
6226)  available  for  universal 
automatic  tape  search. 

Model  6204  translates  serial 
time  code . . .  provides  parallel 

output  and  display  consistent  with  input  code  format. 

Model  6201  translates  time-of-day  serial  code  to 
parallel  output  and  binary  display. 

Model  6200  converts  input  serial  time  codes 
to  time-of-day  display. 

TERMINATING  SYSTEMS 

Model  6420  TIME  CODE 
TRANSLATOR/ GENERATOR... 
operates  as  Translator  and/or 
generator . . . synchronizes 
time  code  generator  to  input 
serial  time  code... no 
interruption  of  output  on 
loss  of  input  signal. 

Model  6620  Timing  terminal 
unit . . .  provides  basic  module 
for  standard  terminal  function 
assemblies ...  can  be  assembled 
to  provide  any  necessary  terminal,  signal  conditioning  or 
conversion  functions . . .  assemblies  available:  AGC  amplifiers, 
demodulators,  neon  drivers,  high  level  amplifiers,  balanced 
line  drivers,  galvo  amplifiers,  relay  drivers. 

Ej 

Mil  HI! 

•  - 

*  * 
•  • 

A  new  48-page  handbook  of  the  most  commonly  used  time  code  for- 
mats has  been  compiled  as  a  handy  reference  for  instrumentation 

engineers.  For  your  free  copy  write  to 

For  applications  assistance  when 
considering  your  timing  system, 
contact  your  nearest  Astrodata 

representative  or  the  Timing 
Instrumentation  Group  direct. 240  E. on Palais  Road Anaheim,  California 
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ARMAS 

experience  in  | 

Aerospace 

Ground 

Equipment 

ARMA — creator  of  the  Atlas  inertial  guidance  system — has  engineered and  produced  almost  $2  billion  of  complex  systems  and  components  over 
the  past  four  decades.  This  performance-proved  ability  is  now  available 
to  aerospace  contractors  for  the  production  and  development  of  a  wide 
range  of  systems  and  components  in  the  areas  of  electronics,  computers, 
inertial  components,  servomechanics  and  hydraulics.  It  includes: 
Launch  monitoring  and  control  systems  •  Automatic  checkout  and  test 
equipment  •  Ground  handling  equipment  'Trainers  and  test  simulators* 
Depot  and  factory  test  equipment. 

Complete  details  on  production  facilities  and  serv- 
ices are  contained  in  booklet  AGE-1.  Write  Cor- 

porate Government  Marketing,  Arma  Division, 
American  Bosch  Arma  Corporation,  Garden  City, New  York.  S7S8 

DIVISION 

©  Marshall  procurement — The  Pro- 
curement Office  at  the  Marshall  Space 

Flight  Center  handles  all  contractual 

purchasing  related  to  the  center's  mis- sion, which  is  developing  and  operating 
NASA  launch  vehicles.  The  office, 
under  Wilbur  S.  Davis,  is  being  reorgan- 

ized to  reflect  its  responsibility  with 
respect  to  the  Michoud  Assembly  Plant 
and  the  Mississippi  Test  Facility. 

The  two  new  facilities  are  part  of  the 
Marshall  complex.  They  are  under  its 
administrative  direction  and  responsi- 

bility, though  most  of  the  work  per- 
formed at  both  places  is  under  contract 

to  various  organizations. 
Most  NASA  business  in  support  of 

Michoud  and  MTF  will  flow  to  sub- 
contractors directly  from  the  prime  in- 

dustrial contractors  operating  at  the  in- 
stallations. Saturn  booster  vehicles  will 

be  manufactured  at  Michoud  by  the 
Chrysler  Corp.  and  Boeing,  and  tests 
of  these  will  be  conducted  at  MTF. 

Companies  interested  in  being 

placed  on  Chrysler's  bidding  list  should contact  Henry  Sinclair,  Manager  of 
Purchasing,  Chrysler  Space  Div.,  Mi- 

choud Operations,  P.O.  Box  26018,  New 
Orleans  26,  La. 

Those  interested  in  Boeing  should 
contact  John  R.  Barnard,  Materiel 
Manager,  The  Boeing  Co.,  Aerospace 
Div.,  SATURN  Booster  Branch,  P.O. 
Box  26088,  New  Orleans  26,  La. 

The  Marshall  Procurement  Office 
currently  is  being  reorganized  and,  as 
this  issue  went  to  press,  only  the  office 
breakdown  in  terms  of  functions  was 
available.  Individuals  had  not  yet  been 
assigned  to  fill  all  the  slots  created,  but 
the  functional  breakdown  is  presented 
here  as  a  guide. 

Firms  with  product,  services  or  com- 
ponents in  the  launch  vehicle  area 

should  contact  both  NASA  and  the 
prime  contractors  involved,  says  Davis. 

The  Marshall  procurement  break- down and  functions  includes: 
-Office  of  the  Chief— Plan  and 

administer  a  complete  range  of  pur- 
chasing and  contracting  operations, 

which  encompasses  proposal,  negotia- 
tion, award  and  administration  of  con- 

tracts, and  procurement  of  services  and 

supplies. —  Policies  and  Procedures  Staff — 
Initiates  and  administers  policies  and 
procedures.  Recommends  adjustments, 
changes  and  improvements  to  overall 
procurement  operations. 

—Assistant  for  Systems — Performs 
duties  as  assistant  for  all  systems  pro- 

curement to  Chief,  Procurement  and 
Contracts  Office. 

—Stages  Branch — Negotiates  and 
administers  all  methods  and  types  of 
contracts  necessary  to  provide  research, 
design,  development,  fabrication,  and 
other  services  relative  to  space  vehicle 

96 Circle  No.  43  on  Subscriber  Service  Card missiles  and  rockets,  November  26,  1962 



i.lOO-GALLOX 

IQUID  NITROGEN  SEMI-TRAILER  TRANSPORT 

ayload   41,100  pounds 

xceptionally  Low 
are  16,800  pounds 

ow  Center  of  Gravity        79  inches 

Excellent  Low 

/acuum  Retention  Evaporation  Loss 

LOX 

EQUIPMENT 

COMPANY. 

Write  or  wire  for  further  data 

Lox  Equipment  Company 
355  So.  Vasco  Road,  Livermore,  California 

Name  

Position  

Company—  

Address.  



Coating  problems  on 
launcher  arms,  launchers, 

flame  deflectors,  flame  buckets 

Specialized  coating  problems? 
The  Rust-Oleum  Corporation 
specializes  in  the  research,  de- 

velopment, and  manufacture  of 
coatings  for  particular  problems 
in  the  missile  and  aircraft  in- 

dustry. Skilled  Rust-Oleum  spe- 
cialists and  technical  service 

personnel  are  available  to  work 
hand-in-hand  with  you  and  your 
organization.  May  we  hear 
from  you? 

RUST-OLEUM  CORPORATION 
2682  Oakton  St.     •     Evanston,  III. 

Forty  years of  Industry 
proof. 

Distinctive 
as  your  own fingerprint. 

RUST-OLEUM 

stages,  excluding  Michoud  Operations. 
—Propulsion  Branch  —  Negotiates 

and  administers  all  methods  and  types 
of  contracts  necessary  to  provide  re- 

search, design,  development,  fabrica- 
tion, and  other  services  relative  to  space 

vehicle  engines. 
—RIFT-Agena  Branch — Negotiates 

and  administers  all  methods  and  types 
of  contracts  necessary  to  provide  re- 

search, design,  development,  fabrica- 
tion, and  other  services  relative  to  RIFT 

and  Agena. 
—  Michoud  Branch  —  Negotiation 

and  administration  of  all  methods  and 
types  of  contracts  necessary  to  provide 
complete  development,  engineering, 
fabrication,  and  support  services  re- 

quired for  operation  of  Michoud Facility. 

—Assistant  for  Mission  Support — 
Performs  duties  as  Assistant  for  Mission 
Support  to  Chief,  Procurement  and 
Contracts  Office. 

—Program  Support  Branch — Nego- 
tiation and  administration  of  all  meth- 

ods and  types  of  contracts  necessary  to 
provide  research  and  other  services 
relative  to  program  support. 

—Vehicle  Components  Branch — 
Negotiation  and  administration  of  all 
methods  and  types  of  contracts  neces- 

sary to  provide  research  and  other  serv- 
ices relative  to  vehicle  components. 

—Plant  Support  Branch — Negotia- 
tion and  administration  of  all  methods 

and  types  of  contracts  necessary  to  pro- 

vide research  and  other  services  neces- 
sary for  plant  support. 

—Construction  &  A.E.  Branch — 
Negotiation,  formally  advertise  and  ad- 

minister all  methods  and  types  of  con- 
tracts relative  to  construction  and 

architectural-engineering  service. 
—Assistant  for  Operations  —  Per- 

forms as  assistant  for  operations  to 
Chief  Procurement  and  Contracts 
Office. 

—Administrative  Office  —  Performs 
procurement  review  of  purchase  re- 

quests and  contract  awards,  and  main- 
tains bid  office.  Determines  projected 

manpower  and  makes  defense  material 
system  ratings.  Provides  all  administra- 

tive services  and  administers  security 
and  procurement  sources  program. 

—Procurement  Assistant  Liaison 
Office — Performs  liaison  with  all  seg- 

ments of  the  Center;  coordinates  pro- 
curement services,  and  provides  advice 

and  assistance  on  procurement  matters. 
—Price  Analysis  Office — Conducts 

cost  analysis  of  proposals;  analyzes  fi- 
nancial statements;  assists  in  pre-award 

surveys;  and  advises  and  submits  recom- 
mendations on  all  contract  pricing  and 

financial  matters. 

—Industrial  Property  Office — Pro- 
tects the  government  interest  in  indus- 
trial property  matters;  arranges  for 

necessary  equipment,  surveys  account- 
able procedures  and  directs  storage, 

maintenance  and  repair  of  government- 
furnished  property.  15 

UK  flU  l/MC 
ATTinee  comet  acmes 

rnntsr  smemee aft  matate 

S-IVB  STAGE  OF  SATURN  C-5 
•  <s> 
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What  name  is  on  the  first  1.5  Mc  recorder? AMPEX 

Here  it  is:  a  1.5  Mc  per  track,  multi-track  re- 

corder! And  Ampex  is  the  first  to  have  it.  It's 
called  the  FR-1400.  It  will  give  you  the  broad- 

est bandwidth  yet  in  longitudinal  recording. 

What's  more,  it  utilizes  solid  state  electronics 
throughout— all  in  one  rack.  It  has  four  speeds, 
each  electrically  switchable  with  no  adjust- 

ments needed.  And  it  comes  with  tape  search 
and  shuttle  to  provide  quick  data  location  and 
permit  any  portion  of  the  tape  to  run  repeatedly 
without  operator  attention.  What  about  per- 

formance? Outstanding!  It  offers  better  rise 
time  and  minimum  ringing  on  square  waves, 
low  intermodulation  distortion,  and  improved 
flutter.  Ampex  also  brings  you  a  new  1.5  Mc 

tape.  In  both  you'll  find  the  same  engineering 
precision,  the  same  superior  quality,  that  has 
made  Ampex  first  in  the  field  of  magnetic  re- 

cording. Write  the  only  company  providing  re- 
corders and  tape  for  every  application:  Ampex 

Corp.,  934  Charter  St.,  Redwood  City, 
Calif.  Worldwide  sales  and  service. 
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LSI  provides 

the  key  to  your  space 

and  defense  systems 

requirements 

SPACE  VEHICLES 
Communications.  Command  control. 
Test  program  planning.  Antennas.  Attitude  control. 

MISSILES 

Tracking  systems.  Gyroscopes  and  platforms. 
Autopilots.  Rocket  motor  cases. 

AIRCRAFT  SYSTEMS 
An  LSI  product  can  be  found  on  almost  every 
aircraft  flying  today. 

UNDERSEA  WARFARE 
Launch,  steering  and  diving  controls.  Control  module 
for  DASH  -  (Destroyer,  Anti-Submarine  Helicopter). 

POWER  EQUIPMENT 
VSCF  (Variable  Speed  Constant  Frequency)  drive. 
Starters  and  generators.  Magnetic  particle  clutches. 

COMMUNICATIONS  EQUIPMENT 
Video  systems.  TV  cameras  for  use  in  space,  on 
launching  pads,  battlefield  surveillance. 
Distress  beacons  for  recovering  downed  personnel. 
Monitoring  and  transfer  controls  for  TACAN. 

GROUND  SUPPORT  EQUIPMENT  AND  INSTRUMENTATION 
Launch  control.  Telemetry  checkout  and  recording 
systems.  Meteorological  systems  and  radar. 

RESEARCH  AND  DEVELOPMENT  LABORATORIES 
Thin  film  microcircuitry.  Electroluminescence, 
life  sciences,  cryogenics  and  lasers. 

SERVICE 

Aircraft  systems  maintenance  and  overhaul  system 
checkout.  Worldwide  facility  maintenance. 

LSI  -  where  the  future  happens  faster  -  due  to 
talent,  facilities,  and  financial  soundness. 

LEAR  SIEGLER,  INC. 
SANTA  MONICA,  CALIFORNIA 
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NASA  I 

Launch 

Schedule 

(through  1968) 

srAbcvKHr  i  /  lYiiodiun SITE VEHICLE 

1st  QUARTER 1963 

Relay  A-16 AMR Delta 
Tiros  A-52 AMR Delta 
Syncom  A-25 AMR Delta 
AVT-3 AMR Thor  3 

Ranger  P-53  (Lunar  Photography) AMR Atlas-Agena  B 
Backup  S-27A PMR Thor-Agena  B 
V  CI  1 1 LIC    l  cjI AMR Centaur  2 
Orbiting  Solar  Observatory  S-17 AMR Delta 
Atmospheric  Structure  Satellite  S-6A AMR Delta 
Vehicle  Test AMR Sat.  R&DC-1  SA-4 
Backup  S-66A,  S-48A AMR Scout 
Relay  A-19 AMR Delta 
Syncom  A-26 AMR Delta 
Ranger  P-54  (Lunar  Photography) AMR Atlas-Agena  B 

Znd  UUAKIcK 1  963 
Vehicle  Test AMR Centaur  3 
SERT-1  (Electrical  Engine) W.  1. Scout 
One-Day  Mission  MA-9 AMR Atlas 
Ranger  P-55  (Lunar  Photography) AMR Atlas-Agena  B 
Tiros  A-53 AMR Delta 
Syncom  A-27 AMR Delta 
Interplanetary  Monitoring  Probe  S-74 AMR Delta 
Apollo  Boiler  Plate  Abort  Test WSR Little  Joe  II 

3rd  QUARTER 1963 
Vehicle  Test AMR Centaur  4 
S-17A AMR Delta 
SERT-a  (Electrical  Engine) W.  1. Scout 
International  Satellite  (UK#2)  S-52 W.  1. Scout 
Eccentric  Orbiting  Geophysical 

Observatory  S-49 AMR Atlas-Agena  B 
Fire  1 AMR Atlas-X259 
Gemini AMR Titan  11 
Apollo  Boiler  Plate  Abort  Test WSR Little  Joe  II 
One-Day  Mission  MA-10 AMR Atlas 
Vehicle  Test AMR Centaur  5 
Interplanetary  Monitoring  Probe  S-74A  AMR Delta  29 
International  Satellite  S-52A W.  1. Scout  19 
Ranger  P-56  (Lunar  Photography) AMR Atlas-Agena  B 

4th  QUARTER 1963 

Apollo  Prototype  Command  Module  Escape  WSR Little  Joe  II 

Vehicle  Test AMR Centaur  6 
Gemini AMR 

Titan  II 

Backup  S-49A AMR 
Atlas-Agena 

Nimbus  A-4  (Meteorology) PMR Thor-Agena 
Fire  2 AMR Atlas-X259 

1964 
Vehicle  Test 

AMR 
Centaur  7 

Gemini 
AMR 

Titan  II 
Polar  Orbiting  Geophysical 

Observatory  S-50 PMR Thor-Agena 
Nimbus  A5 PMR Thor-Agena 
Vehicle  Test AMR Centaur  8 
Gemini 

AMR 
Titan  II 

Mariner  R 
AMR 

Atlas-Agena 
Mariner  R 

AMR 
Atlas-Agena 

Nimbus  O-l  (Meteorology) PMR Thor-Agena 

Apollo  Prototype  Service  Module 

Escape 

WSR 

Little  Joe  II 
Gemini AMR Titan  II Gemini  Target 

AMR 
Atlas-Agena 

Vehicle  Test 
AMR 

Centaur  9 
Interplanetary  Monitoring  Probe 

S-74B 

AMR 
Delta 

Gemini AMR 
Titan  II 

AEROS  (Goddard)  First  flight  '65-'66.  Synchronous, Earth-stabilized  weather  satellite. 

APOLLO  (Houston)  Earth  orbital  flights  '64-'65;  circum- 
lunar  '66;  lunar  landing  '67-'68.  Three-man  spacecraft 
for  lunar  landing  program. 
AEROSPACE  PLANE  (NASA  Hqs-Air  Force)  Research 
program  for  '70;  operational  date  to  begin  in  FY  '65. Recoverable  booster  for  Earth  orbit  and  return  missions. 

ECHO  (Langley-Goddard)  First  launch  August  '60,  an- 
other planned  next  year.  135-ft.  inflatable  sphere  for 

passive  communications. 

GEMINI  (Houston)  First  flight  late  '63  or  early  1964. 
Two-man  spacecraft  for  long-duration  (up  to  2  weeks) 
flights  and  rendezvous  missions. 

MAJOR  NASA  SPACECRAI 

LUNAR  LOGISTICS  VEHICLE  (NASA  Hqs)  First  flights 
'66-'67.  Spacecraft  bus  to  support  manned  lunar  land- 

ing program.  No  development  program  yet. 
MARINER  (JPL)  First  successful  launch  of  Venus  space- 

craft in  August  expected  to  fly  by  planet  Dec.  14.  Series 
of  unmanned  planetary  spacecraft  for  early  exploration 
of  Mars  and  Venus. 

MERCURY  (Houston)  Final  one-day  flight  in  April  '63. First  manned  spacecraft. 

NIMBUS  (Goddard)  First  launch  late  '63.  Second-gen- 
eration, Earth-stabilized  meteorological  satellite. 

ORBITING   ASTRONOMICAL   OBSERVATORY  (God 

dard)  First  launch  in  '64.  Large  Earth  satellite  with  36-in. 
telescope  and  spectrometer  to  study  stars. 
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Gemini  Target 
Nimbus  0-2  (Meteorology) 
Vehicle  Test 
Apollo  Prototype  Command  Module 

MAX  Q  Escape 
Surveyor  A 
Gemini 
Gemini  Target 
Backup 
Surveyor  A 
Orbiting  Astronomical  Observatory  S-l? 
Gemini 
Gemini  Target 
Nimbus  A-6  (Meteorology) 
Surveyor  B 

1965 
Gemini 
Gemini  Target 
Gemini 
Gemini  Target 
Nimbus  0-3  (Meteorology) 

AMR 
PMR 
AMR 

WSR 
AMR 
AMR 
AMR 
PMR 
AMR 
AMR 
AMR 
AMR 
PMR 
AMR 

AMR 
AMR 
AMR 
AMR 
PMR 

Atlas-Agena  B 
Thor-Agena  B 
Centaur  10 

Little  Joe  II 
Centaur  11 
Titan  II 
Atlas-Agena  B 
Thor-Agena  B 
Centaur 
Atlas-Agena  B 
Titan  II 
Atlas-Agena  B 
Thor-Agena  B 
Centaur  13 

Titan  II 
Atlas-Agena  B 
Titan  II 
Atlas-Agena  B 
Thor-Agena  B 

SPACECRAFT/ MISSION SITE VEHICLE 

Orbiting  Astronomical  Observatory  S-58 
AMR 

Atlas-Agena  B 
Gemini 

AMR 
Titan  II 

Gemini  Target AMR Atlas-Agena  B 
Gemini AMR Titan  II 
Gemini  Target AMR Atlas-Agena  B 
Nimbus  0-4  (Meteorology) PMR Thor-Agena  B 
Nimbus  0-7  (Meteorology) 

PMR 
Thor-Agena  B 

1966 
Nimbus  0-5  (Meteorology) PMR Thor-Agena  B 

UNDER  STUDY  (1964-65) 
Surveyor AMR Centaur  14 
Mariner AMR Centaur  15 
Mariner AMR Centaur  16 
Surveyor AMR Centaur  17 Surveyor AMR Centaur  18 
Mariner AMR Centaur  19 
Mariner AMR Centaur  20 

Backup  S-16A AMR Delta 
Vehicle  Test  and  Apollo  Boiler  Plate 

AMR Sat.  R&DC-l  SA-5 
Vehicle  Test  and  Apollo  Boiler  Plate 

AMR oar.  i\CxL/v_- 1  On-o 
Vehicle  Test  and  Apollo  Re-entry 

AMR oar.  K&U^-- 1  oA-/ 
Vehicle  Test  and  Apollo  Re-entry AMR Qrtf  p°.  nr  l  cab 

oat.  k&u^-i  oA-o 
Vehicle  Test  and  Apollo  Low  Orbit 

AMR oat.  k&u^-i  oA-y 
Vehicle  Test  and  Apollo  Low  Orbit AMR 

c~l  c  i  ca  in 

oat.        oA- iu S-l/S  IV  B  Test AMR C   |\/    D  Taef o-iv  d  lest 
S-l/S  IV  B  Test AMR O-IV    D    1  GSt 

UNDER  STUDY  (Late 1965-66) 
S-IC/Dummy  Upper  Stages AMR Adv.  Saturn  1 
S-IC/S-II/S-IV  B AMR Adv.  Saturn  2 
S-IC/S-II/S-IV  B AMR Adv.  Saturn  3 
S-IC/S-II/S-IV  B AMR Adv.  Saturn  4 
S-IC/S-II/S-IV  B 

AMR 
Adv.  Saturn  5 

S-IC/S-II/S-IV  B 
AMR 

Adv.  Saturn  6 
S-IC/S-II/S-IV  B 

AMR Adv.  Saturn  7 
S-IC/S-II/S-IV  B AMR Adv.  Saturn  8 
S-IC/S-II/S-IV  B 

AMR 
Adv.  Saturn  9 

S-IC/S-II/S-IV  B 
AMR Adv.  Saturn  10 

UNDER  STUDY  (1966-68) 
Apollo — Three  or  four  flights  a  year.  Long  duration  Earth  orbital 

flights — 1966,  circumlunar  missions  (1966-67),  manned  lunar  landing, 
late  1967-68. 

MD  SATELLITE  PROGRAMS 

ORBITING  GEOPHYSICAL  OBSERVATORY  (Goddard) 

First  launch  in  '64.  Series  of  large  Earth  satellites  using 
various  orbits  to  study  Earth  and  its  space  environment. 
ORBITING  SOLAR  OBSERVATORY  (Goddard)  First 
launch  March  '62.  Earth  satellite  to  study  Sun  and  its radiations. 

RANGER  (JPL)  Latest  launch  October  '62.  Series  of  un- 
manned spacecraft  to  study  the  lunar  environment 

through  TV  and  rough-landed  instruments. 

1  REBOUND  (Langley-Goddard)  Research  and  develop- 
ment program  for  multiple-launched,  low-orbit  passive 

communications  satellites. 

RELAY  (Goddard)  First  launch  late  this  year.  A  spin- 

stabilized  active  communications  satellite  in  a  medium 
altitude  orbit. 

SURVEYOR  (JPL)  First  launch  in  '64.  Spacecraft  to  ex- 
plore Moon  environment  by  soft-landing  instruments  on its  surface. 

SYNCOM  (Goddard)  First  launch  in  '63.  Synchronous 
orbit  active  repeater  communications  satellite. 

TIROS  (Goddard)  Latest  launch  September  '62.  Spin- stabilized  meteorological  satellite.  First  U.S.  effort  in 
this  area. 

VOYAGER  (JPL)  First  launch  in  '66-67.  Unmanned 
follow-on  spacecraft  to  Mariner  to  orbit  Mars  and  Venus 
and  inject  an  instrumented  capsule  to  the  planets' surfaces. 
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AHDG 

high-performance 

GRAPHITE 

TENSILE  ULTIMATE 
Sample  Size.  >/,"  I  D.  x  1"  O.D. x  J4*  long 

f\           Number  ol  Samples.  68 Test  Method.  Radial  Crushing 
\           of  Rings 
\       Temperature,  75°  F 

o
f
 

1         1  1 

OV 

1            1            1  1 
3,500  3,650 
to  to 
3,650  3,800 

TENSILE  STRENGTH  (psi) 

FREQUENCY  DISTRIBUTION  OF  TENSILE  STRENGTH  ahdg  is  an  extruded 

base  high-density  graphite  (1.90  gm/cc  minimum)  processed  for  both  maximum  thermal  shock  resistance  and  exceptional  physical 
properties.  The  above  plot  is  a  frequency  distribution  curve  of  tensile  strength.  The  balanced  properties  of  AHDG  are  resulting 
in  excellent  performance  and  continued  widespread  acceptance  of  this  material  for  critical  rocket  engine  applications. 
W  American  Metal  Products  Company  supplies  AHDG  high-performance  graphite  in  bulk  or  fabricated  to  customer  speci- 

fications. For  complete  information  on  AHDG  or  the  fabrication  of  this  high-performance  graphite  write  or  wire  the  Research 
Division,  2001  South  State  Street,  Ann  Arbor,  Michigan. 

NO.  6  IN  A  SERIES  OF  DATA  SHEETS  ON  HIGH-PERFORMANCE  GRAPHITE  I 

AMERICA 
PRODUCTS  CO 

RESEARCH  DIVISION / 2601  SOUTH  STATE  STREET/ ANN  ARBOR,  MICHIGAN  I 
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NASA/large  engines 

Economical  Future 

Development  is  Goal 

Experimental  hardware  programs  aimed  at  high-energy 
fluorine  upper  stages  and  extremely  large  powerplants 

ADVANCED  RESEARCH  experts 
at  NASA  are  planning  a  series  of  ex- 

perimental hardware  programs  aimed 
at  demonstrating  the  feasibility  of  sev- 

eral new  concepts  in  both  extremely 
large  engines  and  high-energy  fluorine 
upper-stage  powerplants. 

Adopting  the  "stitch-in-time"  ap- 
proach, NASA  planners  hope  that  re- 

search groundwork  now  will  pave  the 
way  for  economical  future  development 
of  engines  beyond  the  present  state  of 
the  art. 

Current  studies  indicate  the  neces- 
sity of  a  departure  from  "conventional" 

engines  if  the  full  potential  of  chemical 
rockets  is  to  be  realized.  A  booster 
with  20  to  30  million  lbs.  of  thrust 
poses  a  question  as  to  whether  a  single 
engine  with  this  thrust  would  be  more 
desirable  than  a  cluster  of  high-powered 
units.  Either  approach,  say  NASA  ex- 

perts, obviates  following  conventional 
engine  technology. 

Investigations  have  uncovered  con- 
cepts for  nozzles  with  the  same  per- 

formance as  the  DeLaval  configuration, 
but  only  one-fifth  the  length.  Thrust- 
chamber  studies  have  been  equally 
informative. 

The  problem  now  is  funding  explo- 
ration into  these  concepts  to  generate 

the  data  necessary  for  a  future  decision 
on  a  full-scale  development  effort. 

o  Fluorine  problems — The  fluorine/ 
hydrogen  engine  shows  promise  of  beat- 

ing hydrogen/LOX  systems  by  20  IgP 
units  with  twice  the  propellant  density. 
But  tackling  nature's  most  reactive  ele- 

ment on  the  scale  necessary  to  support 
development  of  an  operational  upper- 
stage  engine  complex  has  proved  the 
biggest  obstacle  to  a  firm  program. 

Past  work  at  both  NASA's  Lewis 
Research  Center  and  Bell  Aerosystems 
has  covered  thrust  chamber  designs, 
nozzle  area  ratios,  ignition  and  cooling 
concepts.  Those  involved  feel  confident 
about  the  handling  aspects. 

But  mundane  propellant  activities, 
such  as  loading  and  unloading,  remain 
to  be  demonstrated  along  with  actual 
flight-weight  engines  to  verify  the  pre- 

dicted performance  figures.  NASA  plans 
to  take  the  first  tentative  steps  in  this 
direction,  if  adequate  funding  can  be 
made  available. 

This  would  not  be  a  major  engine 
development  program,  but  rather  an 
experimental  effort  aimed  at  gathering 
information  to  underline  the  potential 
of  a  fluorine  upper-stage. 

There  also  are  studies  into  other 
high-energy  combinations — such  as  di- 
borane-oxygen  difluoride  and  beryllium- 
oxygen-hydrogen.  All  are  aimed  at  such 
high-velocity  missions  as  solar  probes, 
where  specific  impulse  is  much  more 
important  than  storability  and  other 
static  space  problems. 

NASA  has  a  series  of  major  engine- 
development  programs  in  progress, 
either  in  the  flight-testing  stage  or  ex- 

tremely close  to  it.  The  M-l,  F-l,  J-2 
and  RL-10  units  account  for  by  far  the 
largest  share  of  available  and  planned 
expenditures. 

o  M-l  "modernization" — The  liq- 
uid-hydrogen/LOX  M-l  engine  is  the 
only  current  major  propulsion  unit 
without  a  definite  mission.  The  1.2- 
million-lb. -thrust  unit  received  initial 
funding  in  a  contract  to  Aerojet-Gen- 

eral last  January  as  an  upper-stage 
Nova  powerplant. 

Since  then,  the  Nova  has  passed 
into  relative  obscurity,  nudging  the  M-l 
off  any  priority  list. 

NASA  is  taking  this  opportunity  to 
"modernize"  the  M-l.  However,  this 
does  not  mean  any  increase  in  thrust, 
but  rather  a  stretching  of  the  state  of 
the  art  in  engine  design.  Major  changes 
in  the  M-l  program  are  being  planned, 
and  the  whole  effort  is  best  described 
as  a  parallel  to  the  early  F-l  effort. 

The  M-l  is  now  looked  on  as  fill- 
ing any  requirement  in  the  upper-stage 

thrust  category  of  1  to  5  million  lbs. 
or  more.  NASA  officials,  aware  of  the 
funding  squeeze,  expect  the  allotted 
M-l  dollars  to  suffer  from  some  inter- 
program  switching. 

The  sum  of  $90  million  was  men- 
tioned when  Aerojet  landed  the  devel- 

opment job,  and  the  M-l   was  pro- 

SYSTEMS  PROGRESS 

RADARSCOPE  RECORDING  SYSTEM 
IN  ONE-FIFTH  CUBIC  FOOT 

The  Electro-Optical  Department  of  CSC  has 
developed  a  Radarscope  Recording  Cam- 

era System  that  simultaneously  photo- 
graphs radar  images  and  records  such 

data  as  time,  range  and  directional  orien- 
tation. CSC  assumed  responsibility  for 

the  design  and  production  of  this  system 
from  Bell  &  Howell  Company  about  mid- 

way through  the  program. 
Weighing  less  than  13  pounds,  the  system 
uses  a  negative  lens  to  photograph  a 
radarscope  through  a  port  at  the  rear 
of  the  cathode  ray  tube.  A  data  chamber 
produces  time-correlated  information, 
reflected  through  a  lens  by  two  mirrors, 
for  recording  on  the  same  frame  of  35 
mm  film.  Careful  design  for  field  use 
allows  calibration  and  service  without  spe- 

cial tools.  Assemblies  can  be  removed 
easily  and  replaced  quickly. 
Electro-Optical,  producing  military  and 
commercial  cameras,  optical  systems  and 
precision  optics  from  conventional  and 
exotic  materials,  is  one  of  the  divisions  of 
CSC.  Others  design  and  build  systems 
for  analog  and  digital  data  handling,  test- 
stand  instrumentation  and  recording,  pre- 

cision pressure  measurement,  telemetry, 
and  industrial  control.  For  details  on  appli- 

cations of  custom  systems  in  your  area 
of  interest,  call  your  nearest  CSC  regional 
office  or  write: 

CONSOLIDATED 

CORPOi SON 
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Melpar  needs  scientists  and  engineers 
who  enjoy  reaching  the  conclusions  of  applied 
research  but  who  are  not  given  to  making 

upidiperous  turns* Scientists  and  Engineers,  who  have  the 

desire  to  participate  in  open-ended  applied  re- 
search programs  are  offered  an  opportunity  to 

attack  unexpected  problems  and  originate  new 
concepts  in  an  atmosphere  charged  with  the 

competence  and  enthusiasm  of  a  growing  organiza- 
tion and  lively  colleagues. 

Emerging  problems  have  led  to  openings  for: 

Applied  Meteorologists  and  Seismologists  to 
explore 

•  New    areas    of    instrumentation  for 
nuclear  detonation  detection 

•  Extra   terrestrial/terrestrial  interaction 
Telluric  currents 

Microwave  Physicists  for  studies  of 
•  Microwave  plasma  interactions 
•  Microwave  parametric  amplification 

Maser-Laser  Engineers  and  Physicists  to 
•  Investigate  techniques  of  utilizing 

Masers  and  Lasers  in  electronic 
systems 

Electromagnetism  Theorists  for  research  in 
•  Space  reconnaissance  and  exploration 

Molecular  Circuit  Designers  for  developmental 
research  on 

•  Thin  films      •  Polycrystals 
•  Monocrystals 

Systems  Theory  Specialists  for  studies  of 
•  Optimal  control  techniques 
•  Coding  systems 
•  Statistical  decision  processes 
•  Network  theory     •    Sampling  systems 

Applied  Mathematicians  for  Research  in 
•  Information  theory 
•  Switching  theory         •    Digital  theory 
•  Analog  to  digital  conversion  processes 
•  Stochastic  processes    •    Error  analyses 

Scientists  and  engineers  with  PhD,  MS  or  equiva- 
lent experience  are  invited  to  communicate  with 

John  Haverfield,  Manager,  Professional  Placement, 

w 

MELPAR  -  INC 
A  SUBSIDIARY  OF  WESTINGMOU SE  AIR  BRAKE  COMPANY 

3350  Arlington  Blvd.,  Falls  Church,  Va. 
an  equal  opportunity  employer 

¥  A  upidiperous  turn  is  a  180°  turnabout  where  the  main  direc- tion or  goal  is  temporarily  forgotten  or  denied.  The  word upidiperous  is  seen  regularly,  in  contracted  form,  on  street signs:   NO  U  TURNS. 

gramed  for  $55,316  million  in  the  orig- 
inal Fiscal  '63  breakdown.  The  fund- 

ing level  is  now  down  to  around  $25  to 
$35  million  for  1963,  and— with  the 
Nova  delay  currently  in  vogue — this 
level  will  probably  be  maintained 

through  Fiscal  '64. Management  of  the  M-l  has  been 
shifted  from  Marshall  Space  Flight 
Center  to  Lewis  Research  Center,  to- 

gether with  the  Centaur  program. 
Lewis  is  in  the  process  of  organizing  its 
team.  The  move  allows  Marshall  to 
concentrate  fully  on  the  massive  lunar 
launch  vehicle  program. 

•  F-l  committed  —  Rocketdyne's 
F-l,  LOX/ kerosene,  1.5  million-lb.- 
thrust  engine  is  firmly  committed  to  the 
S-1C  booster  on  the  Saturn  C-5 — an 
integral  part  of  the  high  priority  Apollo 
program.  F-l  development  money  in 
fiscal  '63  will  run  between  $45  and  $50 
million,  down  from  the  original  estimate 
of  $55  million. 

The  huge  engine  was  initially  de- 
veloped with  a  Nova  vehicle  in  mind, 

and  at  least  one  current  super-booster 
study  envisions  clusters  of  8  to  12  F-l 
engines.  There  are  also  studies  into  F-l 
derivatives  reaching  maximum  thrust 
levels  of  around  2.5  million  lbs.  each — 
just  about  the  power  region  where  a  com- 

pletely new  engine  design  is  indicated. 
Full-thrust  runs  of  the  engine  have 

been  made,  and  units  funded  under 
certain  vehicle  development  programs 
will  start  arriving  at  NASA  during  1963. 

Five  J-2  liquid  -  hydrogen  /  LOX, 
200,000-lb.-thrust  engine  will  be  clus- 

tered on  the  Advanced  Saturn's  S-ll 
second  stage.  A  single  engine  will  pro- 

vide power  for  the  S-IVB  stage,  the 
third  unit  of  the  C-5  and  the  second 

stage  of  the  C-1B. The  Rocketdyne  engine  will  be 
funded  at  a  $40-million  level  during 
Fiscal  '63,  up  slightly  from  the  $38 
million  originally  planned.  The  J-2 
probably  will  continue  at  this  level 
through  Fiscal  1964. 

The  J-2  program  is  moving  on  a 
schedule  aimed  at  preliminary  flight 
rating  tests  during  the  same  period  as 
the  F-l  engine.  Certain  aspects  of  the 
program  have  been  changed  to  correlate 
with  the  Saturn  C-1B  program. 

The  Pratt  &  Whitney  RL-10  will 
use  between  $25  and  $30  million  in 
Fiscal  '63,  with  the  same  level  expected 
in  1964.  Currently  part  of  the  Centaur 
vehicle,  the  15,000-lb.-thrust  units  will 
also  power  the  C-l  second  stage.  The 
engines  will  produce  about  40%  more 

specific  impulse  than  kerosene-fueled 
upper-altitude  units.  The  Centaur  pro- 

gram is  under  review  by  the  Lewis  Re- 
search Center,  and  full  program  man- 

agement organization  is  not  expected  to 
be  completed  by  Lewis  until  the  end  of 
1962.  c 
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VERSATILE  INFRA-RED  BRAZING  TOOL  HANDLES 

PRECISION  WORK  AT  TEMPERATURES  UP  TO  21OO0F. 

Electric-powered  and  timer-controlled,  Aerojet's  new  Aeroray  Brazing  Gun*  offers  far  more  control  over 
hand  brazing  operations  than  ever  before  possible.  Developed  to  perform  delicate  repairs  to  thin-walled 
sections  (.010  -  .020  inch)  of  missile  thrust  chambers,  the  gun  focuses  high  density  infra-red  energy  into 

a  5  inch  line  only  .100  inch  wide,  delivering  time-controlled  temperatures  up  to  2100°  F.  □  The  Aeroray 
Brazing  Gun  has  a  power  density  output  of  2400  watts  per  square  inch,  and  can  melt  a  braze  alloy  such  as 
Coast  #62  in  less  than  45  seconds.  This  speeds  up  brazing  dramatically  and  permits  use  of  inexpensive 
braze  alloys.  Just  as  important,  close  control  of  the  heat  output  reduces  discoloration  and  all  but  eliminates 
accidental  burn  damage  to  the  part. :  Made  of  aluminum,  the  Aeroray  Brazing  Gun  weighs  only  3  pounds. 
Operation  is  so  simple  unskilled  personnel  can  be  trained  in  about  15  minutes.  Power  requirement  is 
230  volts  A.C.  Heat  is  generated  by  a  standard  quartz  lamp  and  focused  by  reflectors.  Brazing  takes  place 
in  an  envelope  of  argon  gas  triggered  through  the  gun.  Price  of  the  complete  Aeroray  Brazing  Gun 

(including  timer),  $975.00  plus  shipping  and  handling.  For  more  information,  contact  Aerojet-General® 
Corporation,  P.O.  Box  296-J,   Dept.  50,  Azusa,  California. 

•patent  applied  for 
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The  design  is  thousands  of  years  old.  Called  "Man,"  it 
has  evolved  reasonably  efficient  techniques  for  coping  with 

weather,  saber-toothed  tigers,  city  traffic,  floods  and  income 

taxes,  o  But  now  it  faces  a  problem  of  a  new  order  of 

magnitude . . .  survival  beyond  the  protective  cocoon  of  the 
earth's  environment.  In  this  airless,  weightless,  radiative 

region,  man  needs  a  big  assist.  Douglas  is  working  to  pro- 

vide it.  □  Douglas  scientists  are  far  along  in  studies  of  eco- 

logical systems  for  the  maintenance  of  human  life  under 

EARTH'S  MOST  COMPLICATED  SYSTEM  ™ 

...AND  HOW  DOUGLAS  IS  ORIENTING  IT  TO  OUTER  SPACE  varied  life  and  physical 

sciences  and  engineering  systems  which  are  involved.  They 

range  from  psycho -physiological  analyses  to  the  actual  plan- 
ning of  the  establishment  and  support  of  cities  on  the  moon. 

Development  of  improved  man-machine  relationships  and 
detailed  planning  of  the  giant  vehicle  systems  that 
are  involved  in  space  exploration  are  among  more 
than  500  research  and  development  OOUGLAS 

programs  now  under  way  at  Douglas. 
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Big  Projects  Planned  Despite  Cutback 

One-fourth  slash  in  FY  '63  budget  may  set  pattern 
— but  pricetag  through  1970  could  still  top  $1  billion 

OFFICIALS  of  NASA's  scientific 
satellite  program  are  planning  major 
future  projects  such  as  solar  orbiters 
and  Radio  Astronomical  Observatory 
(RAO)  despite  evidence  of  some  pro- 

gram de-emphasis  by  the  space  agency's 
top  management. 

A  25%  reduction  in  the  program's 
Fiscal  '63  budget  has  been  decreed  by 
NASA  headquarters. 

This  cuts  funding  from  the  $195 
million  approved  by  Congress  to  $140 
million. 

About  $84  million  will  be  spent  for 
spacecraft  and  support,  $37  million  for 

launch  vehicles,  $11.7  million  for  sound- 
ing rockets  and  the  remainder  for  ad- 

vanced research  and  technology. 
Top  officials  deny  that  the  space 

science  program  is  being  de-emphasized 
in  favor  of  the  manned  spaceflight 

project. Associate  Administrator  Robert  C. 
Seamans  Jr.  told  Missiles  and  Rock- 

ets "it  is  our  intention  to  have  a  total 
NASA  program  with  reasonable  funding 
for  manned,  unmanned  scientific  and 

space  application  projects." It  is  clear,  however,  from  the  1963 
experience  and  the  tough  overall  budg- 

etary problems  facing  the  space  agency, 
that  further  reductions  in  space  science 
funds  can  be  expected. 

Program  officials  told  M/R  that  if 
cuts  are  required,  the  1963  pattern  will 
be  followed.  No  major  programs,  such 
as  the  big  observatories,  will  be  killed, 
but  some  delay  in  scheduling  will  re- 

sult. Hardest  hit  will  be  the  small  scien- 
tific satellite  efforts  and  the  sounding 

rocket  program  (see  chart). 
Despite  the  clouded  money  picture, 

program  officials  are  going  ahead  with 
plans  for  a  long  list  of  future  projects. 

RAO  will  be  launched  in  1965-66. 
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The  solar  orbiters  and  solar  probes 
would  come  roughly  in  the  same  time 
period.  A  variety  of  near-Earth  probes 
are  also  being  considered. 

•  Growing  toward  $1  billion — Offi- 
cials estimate  that  development,  opera- 

tion and  evaluation  of  the  planned  U.S. 
scientific  satellite  program  will  cost  well 
over  $1  billion  through  1970.  Most  of 
this  effort  will  be  managed  by  Goddard 
Space  Flight  Center,  but  some  of  the 
solar  probe  work  is  being  done,  and 
may  be  done  in  the  future,  by  the  Ames 
Research  Center. 

The  great  growth  area  and  the  heart 
of  the  program  are  the  space  observa- 

tories. Besides  the  planned  RAO,  three 
are  now  well  conceived  and  well  along 
in  development:  OSO,  (Orbiting  Solar 
Observatories);  OAO,  (Orbiting  Astro- 

nomical Observatories);  and  OGO  (Or- 
biting Geophysical  Observatories). 

All  observatories  now  under  devel- 
opment probably  will  be  used  throughout 

a  full  solar  cycle  (11  years). 
Projects  requiring  highly  advanced 

scientific  satellites  are  included  in  the 

President's  FY  '64  budget  request,  and 
satellite  costs  are  expected  to  exceed 
$140  million.  This  figure,  according  to 
NASA  estimates,  will  continue  to  grow 
in  FY  '65  and  level  off  in  FY  '66.  The 
observatory  programs  will  level  off  at 
that  time  at  about  $150  million  per  year 
— and  hold  at  this  figure  at  least  through 
1970  and  probably  through  1974. 

International  scientific  satellite  pro- 
grams are  expected  to  receive  increased 

interest  during  the  next  decade;  how- 
ever, U.S.  funding  will  remain  at  a 

relatively  low  but  constant  level.  These 
are  cooperative  projects,  with  the  U.S. 
primarily  offering  its  technical  skills  and 
its  launch  vehicles. 

The  three-vehicle  "weaning"  process, 
started  with  the  United  Kingdom  satel- 

lite series,  also  is  expected  to  continue. 
That  is,  the  U.S.  builds  the  first  vehicle 
and  the  associated  country  performs 
much  of  the  experimental-package  de- 

sign under  NASA  guidance.  The  second 
vehicle  is  designed  by  the  associate 
under  NASA  guidance  and  is  largely 
fabricated  in  the  U.S.  The  third  vehicle 
is  designed  and  is  built  by  the  associate 
while  NASA  continues  to  assist  as  a 
consultant. 

•  OSO  and  follow-on — Seven  more 
Earth-orbiting  observatories,  based  on 
the  came  configuration  as  the  S-l  6a 
(OSO-1)  vehicle  launched  successfully 
at  Cape  Caneveral  last  April,  will  be 
employed  to  make  solar-oriented  experi- 

ments. The  stabilized  crafts  will  con- 
tinually make  observations  of  the  Sun 

and  the  solar  atmosphere.  Measure- 
ments will  be  made  in  the  X-ray,  ultra- 

violet, and  infrared  portions  of  the 
spectrum. 

Solar  orientation  is  accurate  to  ±1 
min.  of  arc. 

NASA  COST  ESTIMATES  FOR  EXISTING  SCIENTIFIC  SATELLITE  PROGRAMS 
(MILLIONS) 

oMILLLIIt    rKUJtli  1 
tu  nm  iru 
1  nKUUbn 

n D  CTDICC UK  stnlto rv    loci          rv  1QCO LTV  1QC1 FY  1964 PftMDI  CTIflM lUMrLt  1  IU  N TOTAL 
(EST.) (EST.) 

(EST.) 

Spacecraft  (8)  3nd 
Support £  12.6 

$  19.6 $  47.9 

Dolts  l_3unch Vehicles  (7)   2.5 

3.4 

5.0 

6.6 

17.5 

Spacecraft  (5)  3  rid 
Support 7  2             34  8 35  8 50  0 53  7 it  t  sc.  A  oona  1  sninr*h 
VtlMLI  C3    V  ~>  1 3  4 4.3 18  1 43  2 69  0 

Ofin  f^pripO UUU  \OCIIC9j 
^naror" raft  (Q\  anri 

S  u  pport 5.2  20.9 28.3 48  1 
65  5 168.0 

A 1 1 3 S- Ajj^c n 3  (5)  3  n d Thor-Agena  (4) 
Launch  Vehicles   5.1 17.1 

19.4 
20.4 62.0 —  — — — — — — — — — —  

Energetic  Part.  Sat. 
Spacecraft  (2)  and 

Support 2  1              0  8 

1  0 

0.6 

4  5 

Delta  Launch Vehicles  (0) 

Atmos.  Structure  Sat.* ^narofratt  l&\  anH 
Support 2  8  10 1  8 2  8 1  9 

10  3 

Delta  Launch Vehicles  3) 
2  5 

2  5 2  5 7  5 
Topside  Sounder  (U.S.) 
Spacecraft  (2)  and 

Support 1.2  0.6 0  2 3.0 
Scout  Launch  Vehicle  (1) 

(Will  share  2nd  Scout 
with  2nd  Polar  lono. 
Beacon  Sat.) 1.0   

1.0 

Topside  Sounder 
(Canada) 

Support  only 0.04  0.04 0  1 

18 

Thor-Agena  B  Launch Vehicles  (2) 3.2  8.1 1  8 13.1 
Interplanetary  Moni- 

toring Probe 
Spacecraft  (7)  and 

Support   1.9 

2  3 

3  0 5  3 12  5 
Delta  Launch Vehicles  (7) 5.2 5.0 7.3 

1 7.5 

International  lono. 
Sat.  (UK-1) 

Spacecraft  (2)  and 
Support 1.1  1.3 0.5 

2.9 

Delta  Launch Vehicle  (0) 

(UK-2) Spacecraft  (2)  and 
Support   1.3 

1.3 0.6 

Scout  Launch Vehicles  (2) 2.0 

2.0 

Polar  Ionosphere 
Beacon  Satellite 

Spacecraft  (2)  and 
Support   0.8 

0.4 

0.2 1.4 
Scout  Launch Vehicles  (2)   1.3 0.7 

2.0 

Interplanetary  Probe 
Spacecraft  (4) 

3.5 
9.6 

5.0 

18.1 Delta  Launch  Vehicles 3.4 6.6 10.0 
Solar  Probe 
Spacecraft  (4) 

0.5 

14.8 46.3 61.6 
Atlas-Agena  Launch Vehicles  (4) 0.2 

32.4 
32.6 

SPACECRAFT  AND 
SUPPORT: $25.14  $66.44 

$  83.7 $142.5 $197.3 $515.08 LAUNCH  VEHICLES 4.2  20.4 37.0 
53.6 

119.0 234.2 
TOTAL: $29.34  $86.84 

$120.7 $196.1 $316.3 $749.28 *  Note:  Where  number  of  Delta  launch  vehicles  differs  from  number  of  spacecraft,  difference  in- dicates vehicles funded  in  Delta  development  program. 
Sounding  Rockets $  7.3          $  8.9 

$  11.5 $  16.0 Sustaining  University 
Program  (Research 
Grants)    $12.00         $  30.0  $  60.0 
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Immediate  Boein 

openings  on 

The  advanced  Saturn  will  be  the  free  world's 
largest  rocket  and  one  of  the  first  developed 
specifically  for  scientific  space  programs. 
Boeing  has  been  awarded  primary  develop- 

mental, building  and  test  responsibility  for 
the  advanced  Saturn  first  stage  booster.  This 

uniquely  challenging  program  offers  out- 
standing long-range  career  opportunities  for 

engineers  and  scientists. 
We  suggest  that  you  fill  in  the  professional 
application  form  which  begins  below  and 
continues  on  the  following  page. 

PROFESSIONAL  POSITION  APPLICATION 
(All  replies  held  in  strict  confidence) 

Date  of  this  Application- 

Name  .  

-  MAIL  FORM  TODAY  — 

Discharge  Date_ 

Social  Security  No- 

Present  Address  

Telephone  No  

Date  of  Birth  

Male  Female. 

No.  of  Children  

U.S.  Veteran  

.  U.S.  Citizen. 

.  Marital  Status. 

Other  Dependents. 

Entry  Date- 

Type  of  Discharge  

Full  Name  of  Spouse- 

Employer  

Previous  Boeing  Employee?  

If  the  answer  to  following  two  questions  is  "yes>"  explain 
on  supplementary  sheet: 

1)  Have  you  any  physical  defects?  

2)  Have  you  ever  been  arrested  (except  traffic  and  juvenile)  ? 

HIGHER  EDUCATION 

College  and  Locatit 
Dates  I  Degree 

Attended  and  Major 
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The  huge  advanced  Saturn  will  stand  about 
350  feet  high  and  measure  33  feet  in 
diameter.  Its  takeoff  weight  is  estimated  at 
approximately  six  million  pounds.  The  Boeing 
first-stage  booster,  powered  by  a  cluster  of 
five  engines,  will  have  a  total  thrust  of 
7.5  million  pounds. 

Boeing's  new  Saturn  Booster  Branch  has  a 
number  of  long-range  openings  offering 
exceptional  ground-floor  opportunities. 
Immediate  assignments  are  available  to 
engineers  in  the  following  fields  of  interest: 
aerodynamics,  structures,  electronics, 
propulsion,  systems  test,  aeronautical, 
reliability,  vibrations,  acoustics,  loads, 
support  equipment,  high  vacuum  and 
electrical,  as  well  as  cryogenics,  stress 
analysis  and  thermodynamics. 

Assignments  will  be  in  New  Orleans  or 
Huntsville.  Alabama.  Other  Saturn  openings 
—  as  well  as  assignments  on  such  additional 
Boeing  missile  and  space  programs  as  the 
Minuteman  ICBM  and  the  Dyna-Soar 
boost-glide  vehicle  —  are  available  at  Seattle, 
Cape  Canaveral  and  Vandenberg  AFB. 
Boeing  pays  travel  and  moving  allowances 
to  newly-hired  engineers. 

You'll  find  space  in  the  application  below 
to  indicate  your  special  interests.  Fill 
in  and  mail  today. 

EMPLOYMENT  HISTORY  (Attach  Resume) 

-  FORM  BEGINS  ON  PREVIOUS  PAGE 

Firm  Name  and  address 1    Base  Fay ll.,i.hEin|.l,.i,-.l 
|    W  hr/Wk 

Monlh/Year 

Position  &  Duties 

Position  &  Duli.-s 

3   
Position  &  l>utu 

Position  &  I)ut. 

REFERENCES.  Give  full  names,  occupations  and  addresses. 
Professional  (previous  supervisor  preferred )  : 

Character  (other  than  relatives  or  former  employers)  : 
112 

LIST  TYPE  OF  WORK  PREFERRED  UPON 
EMPLOYMENT: 

Have  you  ever  been  cleared  for  classified  military  informa- 
tion If  yes,  give  date,  level  and  company. 

May  we  contact  your  former  and  present  employer  prior  to 
completion  of  employment  negotiations?  Yes  No  
If  "yes,"  I  authorize,  without  liability,  the  release  of  all 
employment  and  personal  information. 

The  Bneine,  Company  is  an  equal  opportunity  employe 

RETURN  TO:  MR.  W.  L.  HAYS,  THE  BOEING  CO. 
P.  0.  Box  26088  -  MSF,  New  Orleans,  La. 



CI  1  ft  A  M  A  D  V OF  CURRENT  NASA  SCIENTIFIC CATCI  1  ITCQ DA  1  CLLI  1  CD 
AND LAUNCH  SCHEDULE 

NASA 
SATELLITE  PROJECT  OR VEHICLE LAUNCH 
SERIES CENTER PRDI     MANAGFR  Rnn^TFR PRIME SCHEDULE 

Orbiting  Solar GSFC Dr.  John  C.  Lindsay   
Observatories 

OSO-1  (S-16) Delta Ball  Bros. 
Mar.  '62 OSO-2  (S-17) (OSO-1  to  4) 1-Q  '63 

OSO-3  (S-57) 3-Q  '63 OSO-4,-5 " ■ 

'64 

OSO-6-7 (OSO-5  to  8) 

'65 

OSO-8 

'66 

Adv.  OSO  (4  vehicles) 

Atlas- 

'66-'67 

Agena 
Orbiting  Astronomical GSFC Robert  R.  Zeimer  Atlas- Grumman 
Observatories Agena OAO-1  (S-18) 

'64 

OAO-2  (S-58) 

'65 

OAO-3  (S-68),  0A0-4 

'66 

OAO-5 

■67 

Orbiting  Geophysical GSFC Wilfred  E.  Scull STL 
Observatories 

EGO-1  (S-49) 
Atlas- 

3-Q  '63 

Agena EGO-2 » 4-Q  '63 
EGO-3 

'64 

EGO-4 " 

'65 

EGO-5 

'66 

POGO-1  (S-50),  POGO-2 

Thor- 

'64 

Agena POGO-3,-4 

'65 

Energetic  Particles  Sat. GSFC Delta GSFC 
in  house 

S-3  (ExplorerXII) r.  Duller 
Aug.  '62 S-3a Paul  G.  Marcotte 
Oct.  '62 Atmospheric  Structure GFSC N.  W.  Spencer  Delta GSFC 

Sat. in  house 
S-6 3-Q  '62 S-6a 1-Q  '63 

7 

'64 

? 

■65 

Topside  Sounder  (U.S.) GSFC John  E.  Jackson 
S-48 Airborne 1-Q  '63 
S-48a Instruments 

Lab. ? 

Interplanetary  Monitor GSFC P.  Butler  Delta GSFC 
Probe in  house 

IMP-1  (S-74) 3-Q  '63 IMP-2  (S-74a) 4-Q  '63 
IMP-3  (S-74b),  IMP-4 

'64 

IMP-5,-6 

'65 

IMP-7 

'66 

United  Kingdom GSFC GSFC 
in  house/UK 

S-51  (UK-1) R.  C.  Bauman  Delta 

April  '62 
S-52  (UK-2) Emil  Hymonwitz  Scout 

Westing- 
2-Q  '63 

house 
S-53  (UK-3) UK 

Canada  (Topside GSFC John  E.  Jackson  Thor- Defense  Re- Sounder) 
Agena search  Tele- com.  Estab., 

Canada 
S-27  (Alouette) 

Polar  Ionospheric 
Beacon 

S-66 
S-66a 

Sept.  '62 1-Q  '63 
NASA  Frank  T.  Martin         Scout  Applied 
Hqrts.  Physics  Lab. 
&  GSFC  Johns  Hopkins 
(Monitor)  Univ. 

4-Q  '62 
1-Q  '63 

Interplanetary  Probe 
Pioneer:  (1) 

(2) 
(1) 

Ames  RC 
STL 

'64 
'65 '66 

Solar  Probes 

(4  vehicles) Atlas- Agena 
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Ball  Brothers  Research  Corporation 
holds  a  prime  contract  for  the  first  four 
standardized  spacecraft. 

In  FY  '62  first  funds  were  made 
available  for  study  contracts  leading  to 
a  conceptual  design  for  an  advanced 
OSO  vehicle.  Expected  to  weigh  rough- 

ly 1000  lbs.,  the  larger  system  will  be 
capable  of  carrying  heavier  and  more 
varied  instruments  for  solar  experi- 

ments. It  will  have  an  offset  capability 
to  permit  study  of  the  solar  corona  and 
a  variable  scan  capability  for  selective 
solar-region  studies. 

Ball  Bros.,  Space  Technology  Labs., 
and  Republic  Aviation  are  under  con- 

tract for  the  conceptual  design  due  to 
be  submitted  in  February  to  Goddard. 
First  launch  is  currently  scheduled  for 1966. 

•  OAO's  sophisticated — Grumman 
Aircraft  Engineering  Corporation  is  sys- 

tem contractor  to  Goddard  for  the  first 
five  Orbiting  Astronomical  Observator- 

ies. While  each  will  use  a  standardized 
shell,  the  spacecraft  optical  systems  and 
stabilization  subsystems  will  vary  con- 

siderably, particularly  among  the  first 
three  vehicles. 

Each  vehicle  will  carry  extremely 
sophisticated  data  storage,  handling, 
transmission  and  reception  subsystems. 

The  first  OAO  will  carry  two  major 
experiments.  One  will  study  the  celes- 

tial sphere  in  three  ultraviolet  ranges, 
using  three  broadbound  television  pho- 

tometers. The  other  will  record  the 
brightness  of  more  than  200,000  stellar 
bodies. 

In  this  first  system,  optics  will  be 
small,  experiments  simple,  and  pointing 
accuracy  will  be  to  1  min.  of  arc. 

OAO-2  will  carry  a  fast  36-in.  Casse- 
grain  telescope  with  a  large-aperture 
spectrophotometer.  It  will  be  provided 
with  a  fine  pointing  system  accurate  to 
1  sec.  of  arc.  The  scope  employs  coated 
beryllium  optics  and  reportedly  offers 
a  factor-of-ten  weight  improvement 
over  more  conventional  optical  systems. 
The  700-lb.  telescope  will  collect  spec- 
trophotometric  data  on  selected  stars, 
nebulae,  and  galaxies  in  the  range  of 
912-4000  Angstroms. 

OAO-3  will  have  an  even  finer  point- 
ing accuracy — to  0.1  sec.  of  arc.  It 

will  carry  a  30-in.  telescope  and  will  ob- 
serve the  absorption  spectrum  of  inter- 

stellar in  two  regions,  800-1 500 A  and 
160-3000A.  However,  if  OAO-1  should 
fail,  this  vehicle  may  serve  as  its backup. 

Future  launches  probably  will  be 
made  every  six  to  nine  months,  with  the 
goal  of  achieving  at  least  one  good 
launch  and  orbit  per  year.  As  many  as 
12  vehicles  may  ultimately  be  required. 

•  Geophysical  studies  —  Orbiting 
Geophysical  Observatories  will  be 
launched  at  a  rate  of  roughly  three  per 
year  in  an  attempt  to  always  have  one 
highly  eccentric  (EGO)  and  one  polar 113 



Spring-like  Koiled  Kords  retractile  cords  give  the  effi-     Portion  of  Mercury  Spacecraft  is  shown  in  this  National 
ciency  and  reliability  necessary  in  complex  power  and     Aeronautics  and  Space  Administration  photo, 
communications  networks  at  Cape  Canaveral. 

Tangle-free  Koiled  Kords' help  make  any  product  "go" 
Space  exploration  is  demanding  enough,  without  having 
to  put  up  with  tangled  power  and  communications  cords. 

That's  why  designers  of  NASA  systems  make  wide  use 
of  Koiled  Kords  retractile  cords,  for  products  and  parts 
of  products  that  move. 

Koiled  Kords  keep  themselves  out  of  the  way  with  a 
permanent,  spring-like  action  —  prevent  the  inconven- 

ience and  accidents  caused  by  too  long  cords. 

Why  not  put  more  "go"  in  your  product — with  tangle- free  Koiled  Kords? 

'Trade-mark  oi  Koiled  Kords,  Inc.  for  retractile  cords. 

Send  for  your  Koiled  Kords  Catalog,  showing 
the  complete  range  of  approved  types  and  sizes  available 
for  power  and  communications  applications. 

Koiled  Kords 
INC. 

A  SUBSIDIARY  OF 
WHITNEY  BLAKE  COMPANY,  INC. 
NEW  HAVEN  14,  CONNECTICUT 

Tel.:  Area  Code  203  -  CHestnut  8-5515.  TWX:  203-772-1029. 
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■ 
S - 66  POLAR 
IONOSPHERE  BEACON 
SATELLITE  PAY  LOAD 

(POGO)  orbiting  observatory  in  opera- 
tion at  the  same  time.  These  will  be 

employed  to  make  correlated  geophysi- 
cal measurements  in  the  Earth's  atmos- 

phere, the  magnetosphere,  and  cislunar 
space. 

The  EGO  will  be  launched  into 
a  roughly  equatorial  orbit  and  its  high 
eccentricity  will  carry  it  through  the 
radiation  belts  and  out  to  40,000  km. 
apogee.  POGO,  also  somewhat  eccen- 

tric, will  go  out  to  about  1000  km.  and 
will  cover  the  upper  atmosphere  and 
ionosphere.  Emphasis,  however,  will  be 
in  the  polar  regions. 

Experiments  will  be  varied  consid- 
erably and  will  include  such  areas  of 

study  as  solar  breeze,  energetic  electron 
intensities,  energy  distribution,  solar 
cosmic  ray  fluxes,  and  galactic  cosmic 
radiation. 

Some  vehicles  may  carry  from  20  to 
50  different  experiments.  Much  of  the 
data  acquired  will  be  analyzed  to  deter- 

mine the  hazards  in  space  which  might 
be  encountered  by  manned  vehicles. 

System  prime  contractor  is  Space 
Technology  Laboratories,  Inc. 

None  of  the  OGO  series  will  be 
limited  to  U.S.  experiments.  It  is  be- 

lieved that  the  first  POGO  will  carry  a 
French  experiment  package  and  that 
other  nations  will  generate  tasks  and 
hardware  for  inclusion  in  later  launches. 

To  support  this  series  of  observa- 
tories, two  85-ft.  dish  antennas  will  be 

installed — one  in  Alaska,  the  other  at 
Rosman,  N.C. — plus  three  40-ft.  dishes 
at  widely  dispersed  points  in  the  South- 

ern Hemisphere. 

•  Energetic  particles — The  first  (Ex- 
plorer XII)  in  this  two-vehicle  series 

to  measure  systematically  solar  activity 

and  cosmic  ray  phenomena,  and  to  cor- 
relate the  activity  of  energetic  particles 

about  the  Earth,  was  launched  success- 
fully in  April,  1961.  The  second  (Ex- 

plorer XV)  was  orbited  last  month  to 
assist  in  determining  the  intensity  and 
extent  of  the  man-made  belts  resulting 
from  the  Johnston  Island  nuclear  tests. 

The  orbital  path  extends  from  a 
perigee  of  about  180  miles  to  an  apogee 
of  47,000  miles. 

System  development  and  manage- 
ment is  under  Goddard  Space  Flight 

Center. 

•  Atmospheric  studies  —  Four  ve- 
hicles will  be  built  by  Goddard  to  study 

the  characteristics  of  the  Earth's  atmos- 
phere and  near  space  (from  160-700 miles  altitude). 

These  satellites,  beginning  with  S- 
6a,  will  measure  density,  composition, 
pressure,  and  temperature.  These  pa- 

rameters will  be  studied  with  respect  to 
variations  with  time  and  latitude. 

•  Topside  sounders — S-48  and  S-27 
are  the  U.S.  fixed-frequency  and  Cana- 

dian swept-frequency  satellites.  Both 
will  be  used  in  a  coordinated  program 
to  investigate  the  propagation  charac- 

teristics of  the  ionosphere  from  above. 
The  U.S.  system  will  employ  a 

sounding  technique  using  six  fixed  fre- 
quencies. S-27  will  continuously  sweep 

over  a  frequency  range  of  2-15  mc. 
Both  satellites  have  three  primary 

goals:  to  measure  electron  distribution 
in  space  and  the  time  between  maximum 
electron  density  height  of  the  F2  layer 
and  the  height  of  vehicle  orbit;  to  de- 

termine the  electron  density  in  the  vicin- 
ity of  the  transmitter;  to  estimate  cosmic 

noise  level  in  the  3-9  mc  (S-48)  or  2-15 
(S-27)  frequency  ranges. 
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storability 

For  space  propulsion  and  con- 
trol systems,  you'll  want  to examine  the  storage  aspects  of 

MMH  .  .  .  another  member  of 
the  Olin  family  of  hydrazine 
fuels.  Monomethyl  hydrazine's ideal  storability  means  that  its 
purity  will  remain  the  same 
under  all  expected  environmental 
conditions  for  extended  dura- 

tions. Also,  this  important  fea- 
ture can  make  hardware  require- 

ments simpler  and  can  facilitate 
handling  with  no  danger  from 
impact  or  friction. 
MMH  is  just  one  of  the  pure 
hydrazine  fuels  available  from 
Olin  in  drum  and  tank  car  quan- 

tities. Anhydrous  hydrazine  and 
UDMH  (unsymmetrical  dimethyl 
hydrazine)  are  the  others.  And 
Olin  can  make  a  hydrazine  blend 
with  the  built-in  specific  proper- 

ties that  you  require.  Write  us 
for  the  latest  literature  on  MMH 
and'  other  hydrazine  fuels.  Olin 
is  the  major  producer  of  all  hy- drazine fuels  and  blends.  Olin 
Mathieson  Chemical  Corp., 
Chemicals  Division,  745  Fifth 
Ave.,  New  York  22,  N.  Y. 4688 

Olin CHEMICALS  DIVISION 



How  to  power  Venus  bound  space  probes? 

Ryan  Aerospace  is  producing  lightweight  solar  panels  which  will 

support  thousands  of  tiny  photoelectric  cells  to  harness  the  sun's 
energy  in  space.  The  cells  will  generate  the  electrical  power 

needed  for  the  controls,  experimental  and  communications  sys- 
tems of  Venus  space  probes  and  earth  satellites. 

With  broad  experience  in  systems  management,  Ryan  engineers 
are  developing  power  systems,  communications  systems,  and 
advanced  space  structures  to  meet  the  requirements  of  space 
vehicle  programs.  These  capabilities  are  geared  to  fast  reaction 
time  in  keeping  with  the  demands  of  planetary  orbits  and  sudden 
shifts  in  program  schedules. 

Flexible,  fast-moving  Ryan  is  also  making  significant  contribu- 
tions in  the  areas  of  V/STOL  aircraft,  Doppler  sensing  and  naviga- 

tion systems,  and  Flex  Wing  applications.  And  Ryan  is  the  world's 
largest  producer  of  jet  target  systems  for  the  Armed  Services. 

Your  inquiry  is  invited  concerning  the  total  capability  of  Ryan 
Aerospace  and  Ryan  Electronics  in  space  age  design,  development 
and  fabrication. 

RYAN  AERONAUTICAL  COMPANY,  SAN  DIEGO,  CALIFORNIA 

HIGH. ALTITUDE  radar  altim- 
eters tor  the  Saturn  launch 

vehicle,  lunar  landing  space- 
craft, and  high-speed  hydro- Soil  ships  are  among  the 

advanced  electronic  guid- 
ance and  communications 

systems  now  being  created 
by  Ryan  Electronics. 

FOLDING  SOLAR  MIRRORS  can 
provide  a  source  ol  power 
lor  space  vehicles.  This model,  70  leet  in  diameter, 
was  completely  engineered 
and  fabricated  in  just  a  lew 
months  by  Ryan  scientists, 
engineers  and  highly  skilled metallurgists. 

MAGIC  LINK  between  space 
vehicles  and  earth  is  the 
Antenna  which  makes  pos- 

sible two-way  communica- tion. Ryan  is  developing 
lightweight,  precision  Space 
Antennae,  capable  of  with- standing both  launch  and 
space  environments. 

RYAN 

AEROSPACE 
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ARTIST'S  CONCEPT  of  Explorer  XV  (S3a)  Energetic  Particles  Satellite  in  Earth  orbit. 
Satellite  was  orbited  Oct.  28  from  Cape  Canaveral. 

•  Apollo  support — IMP,  the  Inter- 
planetary Monitoring  Probe,  will  be 

employed  to  determine  the  extent  of 
the  radiation  hazard  that  might  be 
encountered  by  future  Apollo  space 
vehicles. 

Seven  satellites  in  all  will  be  launched 
from  1963  to  1966.  Each  will  have  a 
highly  eccentric  orbit  extending  out  to 
180,000  nautical  miles  and  as  close  to 
Earth  as  110  n.  mi. 

NASA  scientists  expect  the  IMP 
series  to  help  provide  a  means  for  solar- 
flare  prediction  and  to  increase  funda- 

mental knowledge  of  solar-terrestrial  re- 
lationships. The  program  will  permit 

continuous  monitoring  of  the  cislunar 
radiation  environment  and  at  the  same 
time  obtain  measurements  of  the  inter- 

planetary magnetic  field  quiescent  char- 
acteristics and  the  relationship  of  the 

special  magnetic  field  to  solar  particle 
fluxes. 

•  UK  satellites  —  Three  satellites 
are  to  represent  the  United  Kingdom/ 
U.S.  joint  venture.  The  first,  Ariel,  or 
UK-1,  was  launched  successfully  last 
April.  UK-2  and  UK-3  are  scheduled 
for  launch  in  1963  and  1964,  complet- 

ing the  effort. 
UK-1  was  designed  to  determine 

the  electron  temperature  and  density 
and  the  ion  mass  spectrum  at  altitudes 
from  300-1000  km.  above  the  Earth. 
Seriously  affected  by  the  radiation  belt 
generated  during  the  recent  Johnston 
Island  nuclear  tests,  transmissions  be- 

came sporadic  because  of  a  marked 
decrease  in  power.  However,  recent 
NASA  reports  indicate  the  satellite  is 
now  transmitting  well  for  periods  of 
about  10  days  at  a  time  (while  ex- 

posed to  the  maximum  amount  of  solar 
radiation). 

UK-2  will  measure  galactic  noise  in 
the  0.75-3.0  mc  range.  It  also  will  de- 

termine ozone  content  and  carry  a 
micrometeoroid  detector  of  new  design. 
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Ozone  vertical  distribution  will  be  de- 
termined by  employing  solar-ray  at- 
tenuation measurements  (2500-4000 

Angstroms). 
UK-3  experiments  are  now  being 

U.K.  and  U.S.  scientists  to  further  sup- 
plement data  obtained  by  the  first  two 

satellites. 

•  Ionosphere  beacon — Last  of  the 
first  generation  ionospheric  study  satel- 

lites is  S-66,  the  Polar  Ionosphere  Bea- 
con Satellite.  Together  with  Explorer 

VIII,  Ariel  (S-51),  Alouette  (S-27),  and 
the  U.S.  Topside  Sounder  (S-48)  the 
S-66  experiments  should  broaden  pres- 

ently planned  coverage  of  this  near- Earth  region. 

Essentially,  the  spacecraft  will  de- termine the  total  electron  content  in  a 
cross-section  between  it  and  the  ground 
as  a  function  of  latitude,  season,  diurnal 
and  time.  It  will  also  relate  gross  iono- 

spheric behavior  with  ionization-pro- 
ducing  solar  radiation. 

A  major  emphasis  in  this  project 
will  be  to  study  conditions  in  the  iono- 

sphere that  disrupt  communications  and 
to  study  propagation  anomalies  in  the 
20-360  mc  frequency  range. 

The  next  step,  according  to  NASA, 
in  the  broad  study  of  this  region  will 
be  to  combine  some  of  the  major  ob- 

servation techniques  employed  in  earlier 
These  would  then  be  employed  in  the 
satellites  into  one  test  vehicle  series, 
ionosphere  over  at  least  one -half  a  solar 
cycle  (5V2  years)  at  a  high  altitude. 

•  Sounding  rockets  —  NASA  re- 
quirement for  its  sounding-rocket  pro- 

gram are  growing  at  an  ever-increasing 
rate.  More  than  90  flights  were  sched- 

uled in  1962  and  about  110  are  planned 
for  1963. 

Principal  goals  in  this  national 
sounding  rocket  program  are  studies  of 
the  upper  atmosphere,  the  ionosphere, 
the  geomagnetic  field,  energy  particles 
and  a  variety  of  astronomical  studies 
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For  space  propulsion  and  con- trol systems,  the  thermodynamic 
properties  of  MMH  will  be  of  in- 

terest to  you.  Monomethyl  hydra- 
zine is  a  one-component  space 

fuel  with  a  density  (7.24  lbs./ 
gal.)  roughly  midway  between 
anhydrous  hydrazine  and  UDMH 
(unsymmetrical  dimethyl  hydra- 

zine). Its  specific  impulse  is 
comparable  to  a  50/50  blend  of 
anhydrous  hydrazine  and  UDMH. Also  it  is  between  those  values 
for  UDMH  and  anhydrous  in 
their  pure  forms.  These  proper- 

ties of  specific  impulse  and  den- 
sity for  this  member  of  Olin's hydrazine  fuel  family  may  be 

exactly  what  you're  searching for. 

MMH,  anhydrous  hydrazine  and 
UDMH  are  pure  hydrazine 
fuels  available  from  Olin  in 
drum  and  tank  car  quantities. 
Or  Olin  can  make  a  hydrazine 
blend  with  the  built-in  specific 
properties  that  you  require. 
Write  us  for  the  latest  literature 
on  MMH  and  other  hydrazine 
products.  Olin  is  the  major 
volume  producer  of  all  of  them. 
Olin  Mathieson  Chemical 
Corp.,  Chemicals  Division,  745 
Fifth  Ave.,  New  York  22,  N.  Y.  f  t 
i  4688  .  ™ 
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grav'Mate  (grav't.tat),  vM 
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phenomenon  that  any  two  1 
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ousness;  solemnity;  imMn 

matter.  3.  PonderabilMy; 

gravity.  4.  Physics,  f  T< 

tiorial  acceleration  of  tepresl 

b  Loosely,  gravitation  M  ge: 

purposeful  imagination.... in  space 

The  men  of  Aerospace  probe  all  disciplines  of  the  space  sciences.  Chartered  exclusively  to  serve  the  United  States 

Government,  Aerospace  Corporation  applies  the  full  resources  of  modern  science  and  technology  to  advanced  space  and 

ballistic  missile  systems.  □  As  part  of  the  Air  Force-science-industry  team,  the  men  of  Aerospace  evaluate  and  stimulate 

the  free  flow  of  information  that  results  in  the  imaginative  concepts  required  for  national  leadership  in  space.  From  concept 

to  countdown  and  beyond,  Aerospace  provides  advanced  systems  analysis  and  planning;  theoretical  and  experimental  research; 

general  systems  engineering  and  corresponding  technical  direction  of  programs.  □  Aerospace  Corporation,  an  equal  opportunity 

employer,  now  needs  more  men  to  meet  these  responsibilities.  Highly  skilled  engineers  and  scientists  with  advanced  degrees, 

knowledgeable  in  interdisciplinary  problem  solving,  are  urged  to  contact  Mr.  Charles  Lodwick,  Room  105,  Aerospace  Corpora- 

tion, E  O.  Box  95081,  Los  Angeles  45,  California.  □  Organized  in  the  public  _^  _ 

interest  and  dedicated  to  providing  objective  leadership  in  the  advancement  (  >£|  J/VC/  1X.V-/  k3  1  iWs  J_/ 

and  application  of  science  and  technology  for  the  United  States  Government.  ̂ CORPORATION 
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(vertical  soundings  to  about  one  Earth 
radius). 

Rockets  offer  a  great  advantage  over 
orbiting  vehicles  as  far  as  cost  is  con- 

cerned and  they  can  be  used  to  study 
the  low  altitudes. 

For  example,  one  ultimate  goal  is 
to  develop  a  reliable  ionosphere-content 
prediction  method.  Rockets  are  ideal 
for  studying  the  D-layer  (40-60  miles 
altitude)  and  this  region  is  probably 
most  significant  as  far  as  radio  inter- 

ference is  concerned. 
About  12  rockets  a  year  are  being 

employed  just  to  perform  this  study. 
NASA  now  has  Memoranda  of  Under- 

standing for  cooperation  with  Norway, 
India,  and  Japan,  among  others  already 
assisting  in  the  effort  to  employ  sounders 
from  various  latitudes  around  the  globe. 

Also,  NASA  is  developing  cheaper 
payloads  to  further  broaden  interna- 

tional cooperation. 
One  recent  design,  for  use  with  a 

Nike-Apache-class  rocket,  will  be  made 
available  to  all  who  request  it.  The  ex- 

perimental package  employes  two  trans- 
mitters—one operated  at  24  mc,  the 

other  at  72  mc.  The  lower  frequency  is 
affected  more  by  the  ionosphere,  thus 
characteristics  can  be  determined  by 
differences  between  the  two  simultane- 

ous transmissions. 

•  Bios  II — NASA  is  expected  to 
award  contracts  in  the  near  future  on 
a  new  animal  satellite  program.  Al- 

though budget  figures  have  not  been 
worked  out,  they  probably  will  be  just 
under  $50  million  for  the  next  three  to 

four  years.  FL  '63  budget  provided 
$3.6  million,  FY  '62  $2.1  million.  Other 
space  biology  funding  was  $1.3  million, 
FY  '62;  $1.1  million,  FY  '63  for  ad- vanced research. 

The  program  will  consist  of  two 
types  of  spacecraft,  one  of  which  will 
orbit  for  only  a  few  days,  the  larger  to 
orbit  up  to  two  weeks. 

A  study  group  at  NASA  is  consider- 
ing using  modified  NERV  capsules  left 

over  from  the  NERV  and  BIOS  I  proj- 
ects for  the  first  part  of  the  program, 

launched  by  Scout  vehicles.  This  phase 
would  be  followed  by  launch  of  three 
or  four  larger  BIOS-type  capsules,  prob- 

ably with  Atlas-Agena  B's.  These  might 
be  launched  in  early  1964. 

•  Future  investigations — Intensive 
studies  of  the  ionosphere  and  the  Sun 
will  be  performed  over  the  next  decade 
with  a  variety  of  satellites.  Also,  the 
three  major  observatory  series  are  ex- 

pected to  be  used  for  at  least  10  years. 
While  NASA  expects  to  achieve 

much  during  this  period  from  those 
firmly  conceived  programs  already  ex- 

isting or  soon  to  come  into  being, 
scientists  already  envision  several  fu- 

ture possible  investigations.  They  hasten 
to  point  out  that  these  are  now  just 

dreams;  yet  many  will  undoubtedly  begin 
before  1970. 

One,  now  just  in  its  embryonic 
stage,  is  a  radio  observatory  program. 
Goddard  now  has  one  radio  astronomer 
studying  the  feasibility  of  such  a  satel- 

lite effort  and  it  hopes  to  employ  more 
scientists  later. 

Initial  studies  must  determine  what 
can  best  be  accomplished  with  ground 
observatories.  At  present,  it  appears 
that  microwave  and  the  low-frequency 
ranges  might  be  used  to  advantage  in 
satellites. 

A  considerable  effort  will  have  to 
be  introduced  to  study  antenna  opera- 

tion in  the  ionosphere,  particularly  in 
the  1-10  mc  region.  The  kinds  of  an- 

tennas capable  of  providing  fine  direc- 
tivity must  be  determined.  NASA  may 

begin  with  very  long  wire  antennas  or 
possibly  a  pair  which  could  permit  use 
of  interferometric  techniques. 

Large  unfurlable  dishes  and  other 
arrays  will  be  studied  for  use  on  satel- 

lites or  on  the  Moon. 
First  physical  experiments  may  be- 
gin during  1965  or  1966,  some  NASA 

scientists  believe.  These  probably  will 
first  employ  ScouNlaunched  sounders. 
They  emphasize,  however,  that  to  pro- 

vide meaningful  data  the  first  launched 
systems  must  provide  at  least  an  order- 
of-magnitude  increase  antenna  direc- 

tivity— and  this  improvement  would  be 
far  from  the  ultimate  desired. 

Also,  during  these  early  studies,  the 
electromagnetic  noise  activity  and  con- 

tributions from  a  variety  of  space 
sources  will  have  to  be  collected  and 
analyzed. 

•  Comets,  satellites,  probes — An- 
other study  suggested  by  NASA  scien- tists would  be  centered  on  comets.  To 

engage  in  such  an  effort  might  entail 
"building"  and  launching  an  artificial 
comet  into  outer  space. 

Along  with  observing  results  of  such 
a  scheme,  probes  might  be  launched, 
aimed  to  fly  through  the  head  and  tail 
for  the  collection  of  gas  samples. 

Other  programs  now  planned  or  at 
least  being  considered  include: 

•  Use  of  infrared  sensors  in  future 
OAO  space  systems  for  the  study  of 
cold  space  bodies. 

•  Solar  orbiting  satellites,  similar  to 
OSO,  which  might  assist  in  future  solar 
activity  prediction. 

•  A  variety  of  solar  probes,  launched 
at  various  angles  to  the  solar  system 
plane  and  including  a  solar  impact  or 
near-miss  probe. 

•  A  variety  of  near-Earth  probes. 
These  probably  will  await  completion 
of  the  new  Aerobee-350.  The  liquid-fuel 
booster  is  designed  to  carry  large  diam- 

eter (22-in.)  optics  and  payloads  be- 
tween 150  and  500  lbs.  It  will  have  a 

nominal  performance  of  lifting  350  lbs. 
to  350  miles,  NASA  claims.  tt 
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For  space  propulsion  and  con- 
trol systems,  you'll  want  to  in- vestigate the  low  temperature  5 

characteristics  of  MMH.  Mono-^ methyl  hydrazine  is  an  outstand- 
ing member  of  Olin's  family  of hydrazine  fuels.  This  liquid 

propellant  has  a  much  lower 
freezing  point  ( — 62.3°F.)  than either  anhydrous  hydrazine  or  a 
50/50  blend  of  anhydrous  hydra- 

zine and  UDMH  (unsymmetrical 
dimethyl  hydrazine).  Coupled 
with  its  ideal  storability,  tem- 

perature stability,  and  high 
specific  impulse,  it  may  have 
exactly  the  properties  you  seek. 
MMH  is  available  from  Olin  in 
drum  and  tank  car  quantities,  as  I 
are  anhydrous  hydrazine  and  * UDMH.  Or  Olin  can  make  a  hydra- 

zine blend  with  the  built-in  spe- 
cific properties  that  you  require. 

Write  us  for  the  latest  literature 
on  MMH  and  the  other  hydra- 

zine members.  Olin  is  the  major 
volume  producer  of  all  hydrazine 
fuels  and  blends.  Olin  Mathie- 
son  Chemical  Corp.,  Chemicals 
Division,  745  Fifth  Ave.,  New 
York  22,  N.  Y. 
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The  Rohr  product  that  hatched  a  dozen  major  programs 

Over  20  years  of  designing  and  building  thousands  of  ready-to-install  airplane 
power  package  assemblies  (now  known  as  jet  pods)  has  provided  the  depth 
of  design  knowledge  .  .  .  the  unique  production  methods  .  .  .  the  metals 
research  and  test  techniques  now  vital  in  the  manufacture  of  many  new 
products  at  Rohr  so  highly  important  to  many  of  the  nation's  aerospace 
programs.  Large,  precision  antenna  hardware;  advanced  honeycomb  fabri- 

cation programs;  large  rocket  nozzles;  filament-wound  missile  cases;  a 
variety  of  metal  components  for  missiles  and  space  vehicles;  a  broad  range 
of  helicopter  assemblies— these  and  many  others.  Plus,  of  course,  the  current 
manufacture  of  jet  pods  and  other  large,  complex  aircraft  assemblies.  For 
information  about  the  depth  of  design  and  manufacturing  capabilities  at 
Rohr  write:  Marketing  Manager,  Dept.  141,  Rohr  Corp.,  Chula  Vista,  Calif. 

Mam  Plant  and  Headquarters:  Chula 
Vista,  Cahf./ Plant:  Riverside,  Calif./ 
Assembly  Plants:  Winder,  Ga.;  Auburn, 
Wash. 
Offices  in  Washington,  D.  G.J  Dayton, 
Ohio;  Huntsville.Ala.;  Houston.Texas. 
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AN  UNLIMITED  SUPPLY  OF  SKILLED  LABOR 

AVAILABLE  IN  METROPOLITAN  MIAMI! 

Labor  availability,  cost,  and  productivity 

is  probably  this  area's  greatest  industrial 
asset.  Our  unlimited  source  of  labor  comes 

from:  (a)  On  file,  ready-to-work  applicants; 
(b)  Experienced  personnel  moving  into 
Metropolitan  Miami  at  the  rate  of  30,000 
per  year;  (c)  People  who  are  working  below 
their  true  skill  level  in  order  that  they 
might  live  here  (this  is  our  hidden  labor 

force);  (d)  Out-of-State  applicants  respond- 
ing to  advertisements  in  far  greater  num- 

bers than  other  areas;  (e)  Metropolitan 

Miami's  five-phase  school  system:  univer- 
sity, junior  college,  vocational,  private, 

technical  and  high  school  —  producing 
many  qualified  applicants  annually. 
Metropolitan  Miami  leads  the  nation  in 
industrial  development!  And  there  can  be 
little  doubt  that  this  area's  favorable  labor 
situation  is  a  factor  in  explaining  why  an 
average  of  275  new  manufacturing  plants 
each  year  join  the  large  and  expanding 
manufacturing  community  which  today 
numbers  2700  companies  in  Metropolitan 
Miami. 
For  a  Profit  Fact  Kit  showing  how  your  firm 
might  profitably  locate  in  this  growth  area, 
please  complete  the  coupon  and  send  it  to 
us.  All  correspondence  in  confidence. 

 i 

DADE  COUNTY  DEVELOPMENT  DEPT.  | 
Room  405 

345  Northeast  Second  Avenue,  Miami  32,  Florida 

Name   ' 
Title   j 

Company   ' 
Address   [ 

City  Zone  State   j 
An  Agency  of  Metropolitan  Dade  County  Government,  i 

In  cooperation  with  the  State  of  Florida. 
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spacecraft  inside  nose  cone  fairing  is  hoisted 
to  top  of  gantry  for  mating  to  Agena  second  stage 
prior  to  lunar  launch. 

NASA/lunarand  planetary 

Mercury,  Jupiter  Probes 

Planned  If  Funds  Permit 

PROBES  OF  Mercury,  Jupiter  and 
comets  are  expected  to  be  the  major  fu- 

ture projects  in  NASA's  unmanned  lunar 
and  planetary  exploration  program. 

Two  solar  probes  also  are  being  con- 
sidered by  officials  at  NASA  head- 
quarters and  the  Jet  Propulsion  Labora- 

tory, which  manages  the  program  for 
the  space  agency. 

The  most  immediate  project  is  the 
comet  probe  scheduled  for  1967.  The 
Mercury  fly-bys  would  be  attempted  in 
1968-69  with  the  Jupiter  probe  in  the 
early  1970's. 

Future  project  scheduling  as  well 
as  development  of  current  spacecraft 
programs  will  depend  upon  how  much 
of  the  NASA  budget  is  available  for 
the  program  after  the  needs  of  Project 
Apollo  are  met. 

At  present,  officials  estimate  that 
NASA  funding  of  the  unmanned  lunar 
and  planetary  program  will  continue 
to  rise  over  the  next  three  years,  reach- 

ing a  peak  in  Fiscal  1966. 
For  Fiscal  1964,  program  officials 

are  requesting  a  $100  to  $150  million 
jump  over  the  Fiscal  1963  budget  of 
$232  million. 

The  Fiscal  '64  budget  is  based  on 
approval  of  a  total  agency  budget  of 
close  to  $6  billion.  The  Kennedy  Ad- 

ministration is  almost  certain  to  cut  it 
to  under  $5.5  billion,  and  further  cuts 
by  Congress  are  possible. 

As  a  result,  it  is  unlikely  that  an  in- 
crease of  $150  million  for  the  lunar  and 

planetary  programs  will  be  approved. 
Fiscal  '64  funds  would  cover  hard- 

ware development  of  the  Voyager,  Mar- 
iner B,  Ranger,  Surveyor  lunar  soft- 

landing  and  lunar  orbiting  spacecraft 

and  conceptual  study  and  design  of 
vehicles  for  the  future  projects. 

If  the  budget  is  reduced,  officials 
believe  Voyager  and  the  future  projects 
will  be  most  affected. 

Voyager  could  be  delayed  for  a 
year — putting  off  the  first  mission  to 
Mars  and  Venus  until  1968.  The  same 
sort  of  slippage  would  apply  to  the 
others. 

Some  budget  trimming  is  already  in 
evidence  for  Fiscal  '63.  The  original 
budget  request  was  $259  million,  but 
this  has  now  been  trimmed  to  $232 
million.  In  addition,  another  $20  million 
will  be  reprogramed  to  help  pay  for  a 
portion  of  the  five  additional  spacecraft 
for  the  fourth  phase  of  the  Ranger  pro- 

gram. The  reductions  have  also  forced 
a  delay  in  the  Surveyor  lunar  orbiting 
spacecraft. 

•  Most  lucrative — In  the  coming 
months,  highly  active  programs  at  JPL 
for  missile/space  contractors  will  in- 

clude the  third  and  fourth  phases  of 
the  Ranger  program  (about  $60  mil- 

lion), Mariner  B  ($73.7  million)  and 
the  Surveyor  lunar  soft  landing  ($97 million). 

Even  more  promising  as  sources  of 
business  are  improvement  and  expan- 

sion of  the  Space  Flight  Operations 
Center  at  Jet  Propulsion  Laboratory 
and  the  JPL-supervised  Deep  Space  In- 

strumentation Facility. 
Missions  for  the  five  additional 

Rangers  (10  through  14)  in  the  fourth 
phase  of  the  program  have  not  yet 
been  selected.  Collection  of  informa- 

tion for  designers  and  planners  in  the 
Manned  Lunar  Landing  Program  has 
been  assigned  highest  priority  in  the 

unmanned  lunar  programs,  and  un- 
doubtedly will  be  the  strongest  factor 

in  picking  the  new  missions.  Multi- 
camera  television  packages,  like  those 
to  be  launched  next  year  in  the  third 
phase  of  the  program,  and  hard-landed 
instrument  capsules  are  both  under 
consideration. 

If  Rangers  are  launched  at  the  pres- 
ent four-per-year  schedule,  fourth-phase 

missions  will  continue  until  the  spring 
of  1965,  overlapping  Surveyor  sched- ules. There  is  some  discussion  of  a  fifth 
Ranger  phase  which  might  increase  the 
total  number  of  Ranger  vehicles  to  20. 

•  Centaur  complications — The  un- 
manned lunar  and  planetary  explora- 

tion programs  have  had  to  be  revised 
in  many  ways  because  of  persistent 
schedule  slippage  in  development  of  the 
Atlas-Centaur  launch  vehicle,  which  is 
supposed  to  lift  the  Surveyor  lunar  soft- 
landing  spacecraft  and  the  Mariner  B 
advanced  planetary  spacecraft. 

It  is  hoped  that  the  last  batch  of 
Rangers  will  at  least  partially  fill  the 
Apollo  design  data  gap  which  has 
opened  up  as  Surveyor  flight  schedules 
have  been  pushed  back  by  the  Centaur 
delays.  Flight  of  the  first  of  the  seven 
Surveyors  ordered  is  now  scheduled  for 
the  middle  of  1964,  but  NASA  officials 
are  pessimistic  about  the  likelihood  of 
Centaur  being  ready  by  then.  Original 
schedules  called  for  Centaur  operations 
in  the  summer  of  1963. 

Successive  generations  of  lunar  and 
planetary  spacecraft  will  appear  for 
each  generation  of  launch  vehicles. 
Thus,  Ranger  and  Mariner  R  were  de- 

veloped to  use  the  capabilities  offered 
by  the  Atlas-Agena  combination,  Sur- 
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veyor  and  Mariner  B  will  be  contem- 
porary users  of  Atlas-Centaur,  and  Voy- 

ager is  intended  to  be  launched  by 
Saturn-series  boosters. 

•  Tried  and  trne — Design  of  un- 
manned lunar  and  planetary  spacecraft 

is  governed  by  a  rule  that  subsystems 
and  components  which  have  proven 
successful  on  earlier  missions  shall  be 
used  on  more  advanced  missions  when 
possible. 

The  intention  is  to  evolve  a  family 
of  spacecraft  in  which  each  member 
will  benefit  to  the  maximum  from  the 
engineering,  testing  and  flight  experi- 

ence accumulated  on  its  predecessors. 
Thus,  when  Mariner  A  was  delayed  by 
the  Centaur  troubles,  it  was  possible  to 
adapt  the  lighter  Ranger  spacecraft  to 
the  Venus  mission  and  rename  it 
Mariner  R. 

•  Two-launch  policy — Venus  and 
Mars  missions  are  to  be  launched  in 
pairs  at  every  planetary  opportunity. 
Since  opportunities  for  Mars  are  two 
years  apart  and  Venus  opportunities  19 
months  apart,  funding  and  detailed 
preparation  for  each  series  of  two 
launches  does  not  begin  until  after  the 
flight  of  its  predecessors. 

The  policy  of  launching  two  space- 
craft at  every  opportunity  is  intended 

to  improve  the  likelihood  of  getting  at 
least  one  successful  mission.  Timing  of 
the  launches  in  each  pair  is  slightly 
staggered  to  get  data  over  a  longer  time 
span  if  both  flights  are  successful.  Two 
Venus  flights  to  be  launched  in  the 
early  spring  of  1964  will  be  made  by 
Mariner  R  spacecraft  similar  to  Mar- 

iner R-2,  now  nearing  the  end  of  its 
mission.  Mariner  R-3  and  R-4  will  not 
be  fully  designed  until  the  results  of 
the  R-2  mission  have  been  analyzed. 

Mariner  B  spacecraft  will  be  used 
for  all  Venus  and  Mars  explorations 
after  the  middle  of  1964  if  Atlas-Cen- 

taur booster  vehicles  are  available  to 
lift  the  heavier  spacecraft.  The  first 
mission  for  Mariner  B  should  be  the 
Mars  flight  in  1964.  JPL  has  not  re- 

ceived the  go-ahead  from  NASA  to 
proceed  with  the  design  of  the  vehicles 
for  this  program,  but  it  is  expected  very 
soon. 

Advanced  Mariner-family  spacecraft 
will  carry  the  first  landing  capsules  to 
Venus  and  Mars,  according  to  present 
plans.  Mission  profiles  are  being  studied 
by  NASA  and  JPL  for  the  fly-by  space- 

craft which  would  eject  entry  capsules 
to  land  on  the  surface  of  the  planets. 

•  Inhospitable  Venus — Entry  of  the 
Venus  atmosphere  is  expected  to  pose 
a  tough  design  problem.  Entry  velocity 
is  even  greater  than  for  the  Apollo 
Earth  return,  the  most  difficult  entry 
problem  yet  tackled  by  designers. 

It  also  appears  that  the  Venus  at- 
mosphere is  hotter  and  more  dense  than 

the  Earth  atmosphere  and  its  chemical 
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constituents  may  be  destructive,  but  pre- 
fly-by  information  of  this  nature  about 
Venus  is  speculative. 

JPL  scientists  suspect  it  may  be 
worthwhile  for  the  Venus  entry  capsule 
to  use  a  retrorocket  to  dissipate  part  of 
the  entry  velocity.  It  would  undoubtedly 
be  heavy  relative  to  the  payload,  but 
the  ablative  heat  shield  and  structure 
needed  to  protect  against  aerodynamic 
heating  in  a  pure  drag  deceleration  entry 
would  also  be  very  heavy.  The  Mars 
atmospheric  entry  will  be  much  easier 
since  its  atmosphere  is  less  dense  than 

Earth's. •  Plans  for  Voyager — An  intensive 
study  to  map  out  the  planetary  explora- 

tion program  beyond  Mariner  B  has 

been  going  on  for  some  months.  Results 
will  not  be  known  for  at  least  five 
months  more. 

Scientists  at  the  NASA  Office  of 
Space  Sciences  and  JPL  are  establishing 
planetary  mission  priorities  and  setting 
design  requirement  for  the  Voyager 
spacecraft  series.  Voyagers,  launched  by 
Saturn  boosters,  would  be  intended  to 
orbit  the  planets  and  telemeter  data 
over  a  long  period. 

Scientific  experiments  on  Voyagers 
will  be  more  sophisticated  and  complete 
versions  of  those  in  the  Mariner  series. 
Orbit  elements  of  the  spacecraft  will  be 
analyzed  to  estimate  the  mass  distribu- 

tion of  the  planet.  Some  versions  will 
carry  larger  and  more  advanced  land- 

ing capsules  than  those  of  the  Mariner 

PROGRAM MISSION 
NO. 

ORBIT WEIGHT LAUNCH 
VEHICLE 

LAUNCH 
DATE 

LAUNCH 
SITE 

RANGER 
(6-9) 
(10-14) 

(15-20) (study) 

High-resolution 
pictures  of  lunar 
surface. 
High-resolution 
pictures  of  lunar 
surface. 
X 

3 

5 

6 

Lunar  impact 

Lunar  impact 

Lunar  impact 

727  lbs.  Atlas-Agena 

727  Atlas-Agena 

727  Atlas-Agena 

1963 

(1965) 

(1965-66) 

AMR 

AMR 
AMR 

SURVEYOR Soft-land  30- day-life  payload 
for  lunar  meas- urement. 
Support  Project 
Apol  1  o . 

7 Lunar  soft 
landing. 

2100 
Atlas-Agena 1965-1967 

AMR 

SURVEYOR Space  platform 
for  reconnais- sance study 
lunar  radiation 
and  environ- ment. 

5 Lunar  orbit 2100 Atlas-Centaur 1966-1967 AMR 

SURVEYOR 
(under study) 

Not  determined. X Hover  over 
lunar  surface. 

X Atlas-Centaur 
Latel960's 

AMR 

MARINER  R Study  Venus  at- 
mosphere and 

surface  en- vironment. 

2 Venus  flyby. 460 Atlas-Agena 1965 AMR 

MARINER  B Heavyweight 
spacecraft  for Mars  and  Venus 
missions. 

6 Venus  and 
Mars  flying. 1000  to 1300 Atlas-Agena 1967 AMR 

VOYAGER Advanced  plane- 
tary exploration. 

X Orbit  Mars 
and  Venus 

and  eject  land- 
ing capsule. 

X 
Saturn 1966-1970 

AMR 

MERCURY 
PROBE 

Planet  study. X X X Advanced 
Saturn 

1968-1970 AMR 

COMET 
PROBE 

Ranger,  Mariner 
type  spacecraft 
to  study  an  un- selected  comet. 

x X X X 1967 AMR 

JUPITER PROBE 
Planet  study. x X X Advanced 

Saturn 

Early 

1970's 

AMR 

SOLAR PROBE 
Launch  out  of 
plane  of  the ecliptic  to  study 
the  Sun  for  lati- tude efforts. 

X X X Advanced 
Saturn 

1970's 

AMR 

SOLAR 
PROBE 

Orbit  Sun  at  very 
low  altitude. 

X X X 

1970's 

AMR 

X Undetermined. 
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ENGINEERS: 
Systems,  Design, 

Development 
PHYSICISTS 

opportunity 

and 

advancement 

are 

'GO' 

at  VITRO! 

DYNAMIC  EXPANSION 
CREATES  NEW 
CAREER  POSITIONS 

Vitro  Laboratories  is  expanding  on  all  fronts  .  .  . 
missile  systems  engineering  . . .  design  and  devel- opment .  .  .  analysis  .  .  .  research  and  study.  We 
Invite  you  to  enter  the  "go"  climate  of  Vitro. 
MISSILE  SYSTEMS  ENGINEER 
System  engineering  in  Polaris  Weapons  System, 
Including  analysis  of  various  complex  electro- 

mechanical sub-systems.  Will  make  comparisons  of 
sub-subsystems  operations,  conduct  necessary 
studies  to  confirm  conformance  of  sub-system 
components  with  operational  requirements,  and 
engage  in  liaison  with  sub-contractors  to  support 
above  activities.  6SEE  or  equivalent.  Experience 
In  design  of  digital  circuitry  and  related  test  equip- ment desirable. 
SR.  MATHEMATICIAN 
Review  and  analysis  of  Polaris  system  functional 
design  to  determine  a  proper  error  assignment  on  a 
computational  criteria  basis.  BS  or  MS  in  mathe- 

matics. Four  to  ten  years'  missile  systems  relia- bility experience  desirable. 
ELECTRICAL  ENGINEER 
Will  analyze  missile  systems  for  good  engineering 
practices  to  reduce  radio  frequency  interference; 
conduct  RFI  measurements  in  lab  and  aboard  ship 
to  reduce  specific  RFI  effects.  Position  requires 
experience  in  these  areas  or  antenna  studies.  RF 
propagation  theory,  electromagnetic  radiation 
hazard  studies  or  associated  design  or  evaluation. BSEE. 
Direct  vour  inquiry  to: 
Manager  Professional  Employment 

TO  LABORATORIES 
Division  of  Vitro  Corporation  ot  America 
Dept.  229,  14000  ueorgia  Ave., Silver  Spring,  Maryland 
(Residential  suburb  of  Washington,  D.C.) Phone  Whitehall  2-7200 
An  equal  opportunity  employer 

series  fly-by  spacecraft.  These  will  be 
used  to  collect  detailed  information 
about  the  atmosphere  and  surface. 

Saturn  C-l  and  C-1B  launch  vehicles 
with  an  as  yet  unspecified  third  stage 
are  being  evaluated  for  the  orbiter-and- 
landing  capsule  concept.  If  Saturn  C-5 
boosters  can  be  made  available  to  the 
program,  it  would  be  possible  to  send 
payloads  of  50,000  to  60,000  lbs.,  com- 

pared to  3000  lbs.  for  a  C-l  booster. 
Availability  of  Saturn  boosters  for 

the  Voyager  program  will  depend 
heavily  on  the  schedules  and  booster 
requirements  of  the  Manned  Lunar 
Landing  Program.  Voyager  should  be 
ready  for  missions  some  time  between 
early  1966  and  late  1968,  depending  on 
the  launch  vehicle  selected. 

To  insure  high  priority  support  to 
the  Apollo  program,  there  is  direct  and 
informal  contact  between  the  NASA 
Office  of  Manned  Space  Flight  and  the 
Office  of  Space  Sciences  in  Washington, 
and  between  JPL  and  the  Manned 
Spacecraft  Center  on  the  technical  level. 

•  Surveyor  waits  funds — The  de- 
sign of  the  Surveyor  lander  has  been 

frozen  and  a  Surveyor  orbiter  has  been 
authorized.  However,  the  status  of  the 
orbiter  is  uncertain.  The  money  orig- 

inally set  aside  for  it  in  long-range  plans 
has  been  soaked  up  by  the  Ranger 
fourth  phase  and  efforts  to  solve  the 
Centaur  problem.  Whether  new  money 
will  be  allocated  remains  to  be  seen. 

The  program  is  being  squeezed  be- 
tween the  Centaur  schedule  slippages 

and  compressed  Apollo  schedules  made 
possible  by  the  adoption  of  the  Lunar 
Orbit  Rendezvous  mission. 

Detailed  design  of  a  Surveyor  or- 
biter spacecraft  will  not  be  attempted 

until  it  becomes  more  certain  that  the 
program  has  a  future.  Following  the 
well-established  JPL  practice,  advanced 
planners  had  expected  to  seek  maxi- 

mum carry-over  of  engineering  from 
the  soft  lander  to  the  orbiter.  However, 
due  to  present  uncertainty  about  the 
program,  officials  are  unwilling  to  at- 

tempt even  a  general  description  of  the 
spacecraft. 

The  information  which  Surveyor 
can  yield  will  be  somewhat  less  than 
expected  because  Centaur  performance 
limitations  will  restrict  the  total  weight 
of  the  spacecraft  to  2100  instead  of 
2500  lbs.,  as  had  been  planned.  The 
weight  of  experiment  packages  has  been 
cut  from  150  to  114  lbs.  (Reduction  of 
the  size  of  the  solid-propellant  main 
retrorocket  accounts  for  most  of  the 
weight  that  had  to  be  taken  out  of  the 
spacecraft.) 

A  prototype  of  the  vehicle  is  to  be 
used  in  system  tests  now  beginning  at 
the  Hughes  plant  in  Culver  City,  Calif. 
Later,  the  prototype  will  be  taken  to  the 
JPL  Deep  Space  Instrumentation  Facil- 

ARE  YOU  QUALIFIED 
TO  LEAD  IN 

THE  FIELD  OF 

A  NEW,  SPACE-AGE 
CHALLENGE  OFFERED  BY 

EMERSON  ELECTRICS 

DEPARTMENT 

Thermo-lag  is  a  subliming  com- 
pound for  thermostatically  con- 
trolling temperatures  of  hyper- 

velocity  vehicles.  The  proven 
pilot  operation  is  now  ready  for 
development  and  expansion  to 
departmental  status,  offering 
"ground-floor"  opportunity  in  a 
virgin  field  for  engineers  who  fit 
the  following  specifications: 
AERO  THERMO  DYNAMICS  ENGINEER 
Degree  plus  experience  in  hypersonic 
real  gas  dynamics,  heat  transfer,  abla- 

tion, re-entry  vehicle  design,  detec- 
tion; shock  layer,  wake  and  rocket 

exhaust  ionization;  and  anti-missile 
system  requirements. 
HEAT  SHIELD  DESIGN  ENGINEER 
Degree  in  mechanical,  chemical  or 
aeronautical  engineering.  Involves 
the  analysis  of  convection,  conduction 
and  radiation,  heat  transfer,  and 
experimental  verification  of  these 
analyses.  Both  passive  and  active 
methods  of  temperature  control  are 
employed.  Knowledge  of  ablation 
processes  is  helpful.  Knowledge  of 
ascent,  orbiting,  re-entry  and  solid 
propellant  systems  is  desirable. 

HEAT  TRANSFER  ENGINEER 
Degree  or  equivalent  with  basic  knowl- 

edge of  radiation  conduction  and  con- vection heat  transfer  with  application 
to  thermal  control  of  ascent,  space 
and  re-entry  vehicles.  Knowledge  of 
spectrally  selective  radiation  coating, 
super  insulations  and  thermal  vacuum 
testing  is  of  particular  value. 
for  full  information  contact: 

A.  L.  DEPKE,  Employment  Mgr. 
EMERSON  ELECTRIC  CO. 
8100  West  Florissant  Ave. 

St.  Louis  36,  Mo. 

EMERSON 

ELECTRIC 
An  equal  opportunities  employer  . 
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ity  station  at  Goldstone,  Calif.,  to  evalu- 
ate its  response  to  actual  command 

signals  from  a  DSIF  transmitter.  The 
vernier  engines  of  the  prototype  will  be 
test-fired  at  Holloman  AFB,  N.M.,  to 
determine  how  their  vibration  affects 
on-board  systems. 

Minimum  operating  life  specified 
for  on-board  systems  is  30  days,  and 
NASA  hopes  90  days  may  be  achieved. 
An  array  of  solar  cells  will  supply 
power  on  initial  flights  but  will  be  re- 

placed by  a  radioisotope  thermoelectric 
generator  when  JPL  is  satisfied  that  cer- 

tain operating  problems  have  been 
solved.  For  communications,  Surveyor 
will  carry  two  10-watt  transmitters,  two 
100-milliwatt  transmitters  and  two  re- 

ceivers. The  duplication  is  intended  to 
assure  reliability. 

An  unexpected  benefit  of  the  Cen- 
taur delays  is  the  more  comprehensive 

Surveyor  spacecraft  test  program  which 
it  has  made  possible. 

Lunar  program  officials  express  a 
wistful  interest  in  Titan  III  as  a  booster 
for  Surveyor  to  replace  Centaur.  How- 

ever, no  serious  move  is  being  made  to 
get  the  change  authorized.  As  Dr.  Clif- 

ford I.  Cummings,  JPL  Lunar  Program 
director  explained,  "Centaur  is  only 
two  years  away — Centaur  is  always  two 
years  away — but  no  one  is  brave  enough 
to  promise  us  Titan  111  in  that  time." 

•  Other  probes — The  JPL  plane- 
tary program  staff  is  studying  Mercury 

and  Jupiter  probes  for  the  time  when 
C-5  boosters  become  available.  The  en- 

gineers point  out  that  electric -propelled 
spacecraft  have  obvious  advantages  for 
flights  such  as  that  to  Jupiter  and  else- 

where outside  the  orbit  of  Mars. 
Solar  power  is  inadequate  beyond 

that  distance  from  the  Sun;  nuclear 
power  must  be  carried  for  on-board 
systems  anyway,  and  its  use  to  drive  an 
electric  propulsion  would  shorten  the 
duration  of  the  flight.  Suitable  electric 
propulsion  systems  are  not  anticipated 
before  1970. 

Three  other  interesting  programs 
that  are  a  firm  part  of  JPL  planning  are 
a  comet  probe,  a  probe  to  be  launched 
out  of  the  plane  of  the  ecliptic  (near 
which  all  planet  orbits  are  clustered)  to 
study  the  Sun  for  latitude  effects,  and 
a  probe  to  orbit  the  Sun  at  an  altitude 
which  may  be  as  low  as  0.1  Astronomi- 

cal Unit  (the  nominal  distance  between 
Sun  and  Earth)  to  make  a  direct  study 
of  the  solar  corona. 

The  comet  probe  is  regarded  as  the 
easiest  technically,  since  comets  ordi- 

narily penetrate  the  plane  of  the  ecliptic 
at  a  distance  from  the  Sun  somewhere 
between  the  orbit  of  Venus  and  that  of 
Mars,  that  is,  closer  to  the  orbit  of 
Earth  than  either  of  those  planets. 

Fifteen  comets  are  being  studied  as 
potential  targets.  Because  of  the  very 
high  energy  required  to  place  a  probe 

THE  7:02  FROM  THE  SEA  OF  SERENITY. 

It's  just  a  matter  of  time  until  the  giant  lunar  basin  known  as 

the  Sea  of  Serenity  is  the  scene  -of  bustling  activity.  Space 
crews  will  commute  to  permanent  bases  on  the  moon  with 

mundane  regularity.  ■  ORBITAL  RENDEZVOUS  will  play  a  large 

part  in  making  such  spectacular  feats  an  everyday  affair.  Much 

of  this  broad  concept  for  space  activities  was  evaluated  from 

the  Vought  Astronautics  Division  self-initiated,  self-funded 

feasibility  study  known  as  MALLAR.  The  initiative  and  foresight 

of  this  plan  has  earned  Vought  its  reputation  as  leader  in  the 

field  of  spacecraft  rendezvous.  ■  Vought  Astronautics  is  also 

at  work  on  orbital  rendezvous,  a  hardshell  astronaut  restraint 

and  protection  system,  the  Dyna-Soar  nose  cap,  fuel  tanks  for 

Saturn  and  is  prime  contractor  for  NASA's  Scout  rocket  system. 

Write  today  for  the  story  of  Vought  Astronautics  Division's 
concept-to-cou ntdown  ca pa bi lities. 

_  ASTRONAUTICS  DIVISION 

P  J-lJ—'\y^  CHANCE  VOUGHT  CORP. ~~  A  DIVISION  OF  LI  NG-TEM  CO -VOUGHT,  INC. 
POST  OFFICE   BOX  6267  DALLAS   2  2,.  TEXAS 
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You'll  know  him  by  the  weary  impatience  on  his  colleagues'  faces.  To  him,  a  challenge 
means  a  game  of  beach  ball.  The  man  seeking  an  idle,  easy  billet  feels  out  of  place  at 
United  Technology  Corporation.  The  atmosphere  hums  with  the  vitality  of  stimulating 
projects:  filament-wound  segmented  rocket  engines;  solid  propellant  segmented  space 
boosters;  ablation-cooled  thrust  chambers;  hybrid  rockets.  Creative  scientists  have 
plenty  of  mental  elbowroom  at  a  modern  30-acre  Research  and  Engineering  Center 
and  a  5,000-acre  Development  Center,  and  their  ingenuity  is  backed  up  by  the  vast 
resources  of  United  Aircraft  Corporation.  Living  conditions  are  second  to  none — on 
the  beautiful  San  Francisco  peninsula.  An  Equal  Opportunity  Employer. 

GY  CORPORATIO 

 .  ■— " 
SUBSIDIARY  OF  UNITEO  AtRCR 
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Opportunities  in 

Rocket  Propulsion 

UTC 

Liquid  Test  Engineers— Plan  and 
conduct  research  and  development 
of  preparations  for  test  of  upper 
stage  liquid  propulsion  systems.  Re- 

sponsible for  build-up,  testing,  and 
evaluation.  Areas  of  endeavor  in- 

clude ablation  chambers,  tankage 
and  pressure,  variable  TVC,  hybrid 
motors,  and  liquids  ignition  systems. 
Requires  2  years  of  experience  in 
testing  and  an  engineering  degree. 
Solid  Test  Engineers — Responsible 
for  development  and  testing  of  large 
solid  rocket  motors,  test  stand  build- 

up, test  equipment  specifications, 
motor  firing  and  test  evaluation,  in- 

cluding making  measurements  down 
in  the  "mud."  Specific  areas  include 
environmental  test,  structural  test, 
and  motor  component  test.  Requires 
engineering  degree  and  2  years  of 
experience. 
Process  Engineers — Plan  and  de- 

velop process  operations,  studies, 
and  programs  to  improve  process 
methods  for  large  solid  propellant 
rocket  motors.  Provide  liaison  with 
plan  engineering  or  processing  cri- 

teria and  layout  for  new  facility  de- 
signs. BSCHe  plus  1  to  3  years  of 

experience. 
Sr.  Design  Engineers— Supervision 
of  a  group  in  design  of  Solid  Rocket 
Motor  Components.  Requires  Profes- 

sional Degree  and  a  minimum  of  5 
years  rocket  design  experience. 
Design  Engineers  — Design  and 
development  of  Large  Solid  Rocket 
Motor  Components.  Includes  design 
of  Cases,  Thrust  Vector  Control  Sys- 

tems, Nozzle  Hardware  and  Ignition 
Systems,  analysis  of  Internal  Ballis- 

tics. Requires  BS  or  MS  in  ME,  AE, 
Physics,  or  ChE.  Responsibilities  as- 

signed according  to  capability. 
Structures  Engineers  and  Stress 
Analysts— As  a  member  of  UTC's 
Engineering  Sciences  Staff,  will  de- 

velop and  apply  Experimental  and 
Theoretical  Methods  of  Stress  Anal- 

ysis. Will  consult  with  Designers  and 
Project  Engineers  in  assuring  Struc- 

tural Integrity  of  all  Rocket  Motor 
Assemblies  and  Components.  Re- 

quires BS  or  MS  Aeronautical,  Me- 
chanical, or  Civil  Engineering;  as- 

signments will  be  made  commensu- 
rate with  abilities. 

United  Technology 

Corporation 
Dept.  23B,Box  358,  Sunnyvale.  Calif. 

SUBSIDIARY  OF  UNITED  AIRCRAFT  CORPORATION 
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in  an  orbit  around  the  Sun  with  its 
plane  parallel  to  that  of  the  comet,  the 
probe  will  be  launched  to  intercept  the 
target  comet  on  a  crossing  course. 
Crossing  velocity  will  be  very  high  at 
the  intercept;  comets  axe  very  large, 
however,  so  instrumentation  aboard  the 
probe  should  have  time  to  take  a  useful 
look  at  the  target. 

The  probe  will  be  launched  in  1967 
when  comet  passages  will  be  frequent. 
The  spacecraft  could  be  a  member 
of  the  Ranger-Mariner  design  family, 
though  boosters  capable  of  lifting  a 
larger  spacecraft  should  be  available. 
Astrophysicists  and  cosmologists  are 
intensely  interested  in  the  composition 
of  comets  which  apparently  have  very 
little  mass. 

The  out-of -ecliptic  shot  is  to  get  in- 
formation about  the  Sun  which  cannot 

be  obtained  from  the  Earth,  Moon, 
planets,  or  vehicles  orbiting  any  of  those 
bodies.  Their  trajectories  are  all  very 
nearly  in  the  same  plane  and  present 
the  same  view  of  the  Sun.  It  is  possible 
that  quite  different  features  would  be 
visible  from  a  point  fax  enough  above 
or  below  the  ecliptic. 

JPL  and  NASA  scientists  definitely 
intend  to  conduct  the  experiment  if 
funding  can  be  obtained,  but  the  when 
and  the  how  of  the  matter  have  not  been 
decided.  It  is  certain  that  the  flight  will 
have  to  await  the  advent  of  the  ad- 

vanced Saturn  family  of  boosters  be- 
cause of  the  large  energy  requirement 

to  tip  the  orbit  of  the  probe  at  a  large 
enough  angle  to  the  ecliptic  to  achieve 
the  mission. 

A  15°  angle  to  the  ecliptic  has  been 

discussed  and  would  yield  a  significant 
amount  of  data.  The  energy  required 
to  do  the  job  would  approach  that  re- 

quired to  reach  Jupiter.  Existing  boosters 
could  just  about  do  it  with  no  payload. 

•  Practical  problems — A  number 
of  operational  difficulties  plague  the 
out-of-ecliptic  shot  and  may  result  in  a 
considerable  delay.  For  one  thing,  the 
launch  azimuth  must  be  inside  a  nar- 

row sector  within  27  degrees  East  of 
due  North  or  due  South.  Therefore,  the 
vehicles  cannot  be  launched  from  Cape 
Canaveral  without  overflying  populated 
areas.  It  can  be  launched  into  the  south- 

erly sector  from  the  Pacific  Missile 
Range  facility  at  Pt.  Arguello,  Calif., 
but  NASA  has  not  expressed  any  in- 

tention of  building  a  Saturn  launch 
complex  there. 

Another  operational  problem  is  cre- 
ated by  the  antenna  mounts  of  the  JPL- 

operated  Deep  Space  Instrumentation 
Facility,  which  are  designed  so  that  they 
cannot  point  very  far  out  of  the  ecliptic. 
Unlike  Azimuth-Elevation  mounts  used 
in  conventional  radars  with  one  axis  of 
rotation  parallel  to  the  local  vertical 
and  one  axis  horizontal,  the  Hour  Angle 
Declination  (HADEC)  mounts  of  the 
85-ft.  DSIF  dishes  have  one  axis  of 
rotation  parallel  to  the  Earth's  axis  and 
one  axis  aligned  with  the  plane  of  the 
equator.  There  is  one  85-ft.  dish  with 
an  Az-El  mount  at  the  Goldstone  DSIF 
station,  but  it  does  not  have  one  of  the 
powerful  DSIF  receivers. 

Plans  are  under  way  to  construct 
210-ft.  antennas  with  Az-El  mounts  at 
all  three  DSIF  stations.  The  first  should 
be  operating  by  1965  and  the  other  two 

1963 
CALENDAR  DATE 

CURVES  SHOWING  distances  of  four  planets  from  Earth  (represented  by  zero  lines) 
indicate  launch  opportunities  through  1965.  To  get  maximum  payload  for  a  given  booster 
system,  launch  must  be  timed  so  intercept  will  occur  when  planet  is  closest  to  Earth. 
Minus  figures  on  the  vertical  axis  indicate  distance  inside  orbit  of  Earth.  Plus  figures 
show  distance  to  orbits  farther  from  Sun. 
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CONTROLS 

SYSTEMS 

ENGINEERS 

for 

LOS  ALAMOS 

SCIENTIFIC 

LABORATORY 

Los  Alamos  is  expanding  its  Project 
Rover  test  facilities  and  has  estab- 

lished a  permanent  organization  at 
the  Nuclear  Rocket  Development 
Center  near  Las  Vegas,  Nevada.  Ca- 

reer opportunities  exist  in  connec- 
tion with  development  of  very  high 

power,  fast  start-up  reactors. 
Controls  systems  engineers  are  in- 

vited to  investigate  the  advantages 
of  affiliation  with  the  Laboratory. 
The  work  involves  design  and  anal- 

ysis of  closed-loop  feedback  control 
systems  and  programmers  control- 

ling reactor  and  flow  systems.  In- 
cluded are  such  areas  as  reactor 

power  control,  turbo-pump  control, 
mass  flow  rate  or  thrust  control  sys- 

tems, profile  programmers  and  auto- 
matic start-up  and  sequencing 

equipment.  We  require  a  BS,  MS,  or 
PhD  degree  in  electrical  engineering 
plus  substantial  experience  in  de- 

sign, operation,  and  analysis  of 
feedback  control  systems.  A  good 
background  in  mathematics  and 
theory  of  servomechanisms  is  also 
important. 
Employees  live  in  or  near  Las  Vegas, 
and  are  permanently  assigned  to 
work  at  the  Nuclear  Rocket  Develop- 

ment Center.  Project  Rover  is  op- 
erated by  the  Laboratory  for  the 

U.  S.  Atomic  Energy  Commission. 
Send  resume  to: 

Recruiting  Department 
livision  62-MR 

alamos 
scientific  laboratory OF  THE  UNIVERSITY  OF  CALIFORNIA  J IOS  ALAMOS,  NEW  MEXICO 

U.  S.  Citizenship  Required. 
An  equal  opportunity  employer. 
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should  be  ready  by  1967.  Adequate 
boosters  for  the  out-of-ecliptic  flight  will 
be  available  before  then. 

•  Close  look  at  Sun — One  of  the 
most  ambitious  programs  in  advanced 
planning  at  JPL  is  the  direct  investiga- 

tion of  the  solar  corona  by  a  probe 
orbiting  the  Sun  at  low  altitude.  Dis- 

tance between  the  probe  and  the  Sun 
has  not  been  decided  because  there  is 
a  division  of  opinion  about  how  far 
measurable  corona  effects  extend  into 
space.  Mariner  R-2  may  yield  some  in- 

formation about  this  after  it  passes 
Venus.  A  likely  altitude  would  be  0.1 
Astronomical  Unit  (A.U.). 

Energy  required  to  place  a  vehicle 
in  such  an  orbit  is  even  more  than  is 
required  for  the  out-of-ecliptic  shot. 
Operational  problems  are  much  less 
severe  but  the  on-board  transmitter 
would  have  to  be  unusually  powerful 
so  that  its  signals  can  be  detected  above 
the  level  of  solar  noise  as  the  probe 
crosses  the  face  of  the  Sun. 

The  Earth  orbits  the  Sun  at  a  ve- 
locity of  19  miles  per  second,  which  is 

characteristic  of  any  solar  orbit  at  a 
distance  of  1.0  A.U.  When  an  inter- 

planetary vehicle  has  achieved  Earth- 
escape  velocity  and  been  injected  into 
the  same  orbit  as  this  planet,  a  velocity 
increment  or  decrement  is  needed  to 
propel  the  spacecraft  into  a  new  orbit 
with  a  different  velocity  which  will  take 
it  to  its  destination. 

•  Toward  better  Center — JPL  tech- 
nologists are  controlling  the  flights  of 

Ranger  and  Mariner  vehicles  from  a 
prototype  Space  Flight  Operations  Cen- 

ter and  in  the  process  are  accumulating 
information  for  the  design  of  a  per- 

manent SFOC  able  to  handle  the  more 
complex  and  more  frequent  space  flights 
of  the  future  efficiently. 

•  Tracking — The  DSIF  Operations 
Manager  has  a  console  at  the  left  of  the 
Test  Director  and  coordinates  the  use 
of  the  three  great  tracking  and  tele- 

metry stations  at  Goldstone,  Calif., 
Johannesburg,  Union  of  South  Africa, 
and  Woomera,  Australia.  The  DSIF 
sends  data  to  the  SFOC  by  teletype  and 
the  data  is  transferred  to  IBM  punch 
cards,  the  computers  process  it,  and 
experts  in  the  SFOC  devise  maneuver 
commands,  trouble  shooting  and  cor- 

rective procedures. 
DSIF  scientists  forecast  a  billion- 

fold  increase  in  the  telemetry  capacity 
of  their  stations  in  the  eight-year  period 
that  began  in  1961.  Important  advances 
are  attributed  to  the  210-ft.  antennas 
which  will  begin  to  operate  in  1965; 
the  shift  from  L-band  (960  mc.)  to 
S-band  (2295  mc);  replacement  of 
present  4-ft.-dia.  spacecraft  antennas 
with  9-ft.  antennas  on  Mariner  B,  Voy- 

agers, and  other  spacecraft;  increase  in 
spacecraft  transmitted  power  from  3 

watts  to  25  watts  and  then  to  100  watts; 
and  adoption  of  a  Traveling  Wave 
Maser  amplifier  to  replace  the  present 
Cavity  Maser.  The  Traveling  Wave 
Maser  is  now  being  tested  and  will 
make  possible  much  lower  receiver  noise 
levels. 

Among  the  things  that  DSIF  offi- 
cials hope  to  obtain  from  industry  are: 

—A  light,  reliable  r.f.  power  ampli- 
fier that  is  50%  to  75%  efficient  at  a 

usable  frequency  and  has  phase-stable, 
spectrally  pure  100-watt  output. 

—A  light,  ultra-stable  time  reference 
oscillator  with  an  accuracy  of  1  part 
in  1013.  Present  atomic  standards  are 
capable  of  1  part  in  1010  for  short  pe- 

riods or  5  parts  in  1010  for  long  periods 
(approximately  15  min.). 

— Erectable  or  inflatable  large  space- 
craft antennas. 

It  is  possible  that  the  DSIF  will  act 
as  part  of  the  Project  Apollo  Ground 
Operations  Support  Systems  (GOSS) 
network.  DSIF  officials  would  be  happy 
to  take  part  in  the  operation,  and  some 
think  it  is  very  likely  that  NASA  will 
decide  to  take  advantage  of  the  large 
existing  capability  that  the  DSIF  net 

possesses. •  Fanning  out — The  sharply  ris- 
ing trend  in  the  volume  of  lunar  and 

planetary  program  work  being  passed 
on  to  industry  by  JPL  rather  than  being 
done  in  the  lab  can  be  attributed  to 
three  important  factors: 

—Many  unmanned  space  programs 
have  reached,  or  are  approaching,  frui- 

tion; the  volume  of  component  and 
subsystem  development,  testing,  and 
manufacturing  is  exceeding  the  capacity 
of  the  laboratory. 

—As  progressively  larger  launch  ve- 
hicles become  available  to  the  un- 

manned programs,  it  becomes  possible 
to  design  larger  and  more  complex 
spacecraft.  This  is  compelling  JPL  to 
delegate  ever  larger  responsibilities  to 
industry  and  to  bring  contractors  into 
the  program  earlier  in  the  development 

cycle. 
—According  to  a  candid  JPL  offi- 

cial, the  lab  no  longer  sees  itself  as  a 
competitor  of  industry,  but  as  an  agent 
of  government  charged  with  the  re- 

sponsibility of  mobilizing  industrial 
teams  and  conducting  operations  in 
space.  Consistent  with  this  attitude,  the 
laboratory  now  seeks  to  turn  a  job  over 
to  industry  as  soon  as  the  task  is  well 
defined  by  JPL  technical  divisions. 

JPL  officials  believe  that  first-rate 
competence  can  be  maintained  only  by 
keeping  a  strong  basic  research  pro- 

gram, at  least  one  advanced  develop- 
ment program,  and  at  least  one  sched- 
uled flight  program  in  the  lab  at  all 

times.  They  contend  that  they  can  suc- 
ceed in  their  program  management  job 

only  if  they  can  remain  one  technologi- 
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cal  jump  ahead  of  industry. 
In  the  hope  of  assuring  a  large  pool 

of  technically  up-to-date  potential  con- 
tractors, JPL  conducts  a  sizable  print- 

ing operation  to  feed  new  technical  in- 
formation from  the  lab's  divisions  to 

industry. 
The  organization  of  the  laboratory 

is  designed  to  be  stable  and  flexible  un- 
der the  stresses  of  growth  and  the  com- 

plications of  managing  a  number  of 
systems  at  once.  No  need  to  reorganize 
or  alter  the  pattern  of  doing  business 
is  foreseen. 

The  basic  capabilities  of  the  lab- 
oratory are  in  the  technical  divisions. 

The  small,  special  program  offices  draw 
on  these  when  a  need  for  talent  arises. 
Men  who  are  not  needed  for  one  pro- 

gram are  available  for  others.  If  the 
workload  gets  too  heavy  for  the  tech- 

nical divisions  part  of  it  is  contracted 
out  to  industry  or  other  institutions. 

Under  this  arrangement,  technical 
division  personnel  are  ordinarily  the 
ones  who  make  the  first  move  in  the 
contracting  process.  This  is  not  the  case 
if  a  system  management  prime  contract 
— such  as  the  Hughes  contract  for  Sur- 

veyor— is  to  be  awarded.  The  initiative 
on  these  comes  from  the  program  office. 

•  Supplier  file — The  JPL  Procure- 
ment Services  Office  keeps  a  file  of 

about  1500  suppliers  in  all  categories 
and  sizes.  Companies  that  want  to  be 
listed  must  query  the  office,  because 
there  is  no  active  program  to  seek  out 
new  additions  to  the  file.  The  laboratory 
then  sends  an  elaborate  form  on  which 
to  list  company  capabilities. 

Would-be  bidders  also  receive  a  list 
of  252  "areas  of  special  interest"  in 
which  the  laboratory  has  continuing 
frequent  requirements.  Most  of  them  are 
electronic  components  and  subsystems. 

The  philosophy  of  the  Procurement 
Services  Office  is  to  act  as  a  contact 
point  for  companies  and  the  JPL  tech- 

nical divisions  and  not  to  operate  as  a 
filter  against  unsuitable  bidders.  On 
some  procurement,  only  three  people 
are  involved,  the  technical  man,  the 
vendor's  sales  engineer,  and  the  pro- curement officer. 

Ordinarily,  the  technical  division 
representative  and  the  procurement  man 
draw  up  a  Statement  of  Work  and  re- 

quest bids  from  companies  listed  in  the 
file  as  capable  of  the  job.  Companies 
sometimes  submit  bids  with  suggested 
changes  in  the  Statement  of  Work.  One- 
shot  procurement  results  in  the  longest 
and  most  complex  Statements  of  Work 
because  of  the  impossibility  of  referring 
to  existing  specifications.  When  the  value 
of  an  order  is  to  be  more  than  $1  mil- 

lion, a  Source  Evaluation  Board  is  set 
up  with  high-ranking  technical  and  pro- 

curement officials  as  its  members.  8 

about  TELEDYNE  and  TELEFLIGHT  pressure  systems 

Taber  Transducers  monitor  pressures 

in  new  space  vehicle  system  at  Bell 

Measuring  gas  pressures  in  propellant  feed  lines  and  a  rocket  thrust  chamber, 
Taber  TELEFLIGHT®  pressure  transducers  are  a  vital  part  of  a  new  gaseous 
bi-propellant  attitude  control  system  developed  by  Textron's  Bell  Aerosystems 
Company.  The  system  controls  orientation  with  respect  to  earth  for  vehicles  in 
outer  space. 

Of  special  design,  the  transducers  have  an  extremely  small  volume  pressure 
cavity  for  fast  response,  sustaining  maximum  volumetric  ratio  between  the  rocket 
thrust  chamber  and  transducer  pressure  cavity. 

Ideally  suited  to  a  wide  variety  of  test,  ground  support,  and  airborne  applica- 
tions, Taber  Bonded  Strain  Gage  Pressure  Transducers  provide  many  performance 

advantages:  high  frequency  response,  infinite  resolution,  hysteresis  of  less  than 
0.25%  full  scale,  and  low  sensitivity  to  temperature  effects,  shock  or  vibration. 

For  detailed  information  on  Taber  Transducers  (in  pressure  ranges  from  0-50 
through  0-10,000  psi),  mail  this  coupon  attached  to  your  letterhead. 

TO:  TABER  INSTRUMENT  CORPORATION 
AEROSPACE  ELECTRONICS  DIVISION  SECTION  217 
107  Goundry  Street,  North  Tonawanda,  N.  Y. 
Send  detailed  information  on  Taber  Teledyne®  and  Teleflight® 
bonded  strain  gage  pressure  transducers. 
name title 
company dept. 

address city 

zone 
state 
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NASA/communication  satellites 

Appropriation  Cut  Almost  in  Half 

Rising  costs  of  other  programs,  congressional  action, 

changes  in  ComSat  requirements  result  in  reduced  funding 

NASA's  Fiscal  Year  1963  appropri- ations for  communications  satellites  will 
be  about  half  of  its  original  request. 

Actual  funds  for  development  of 
communication  satellites  and  associated 

technology  in  the  FY  '63  budget  will  be 
$48  million.  This  represents  rebudgeting 
of  almost  50%  in  the  $85,377,000 
sought. 

Rising  costs  of  other  space  agency 
programs,  some  congressional  cuts  in 
portions  of  the  overall  NASA  request, 
and  changes  in  ComSat  requirements 
since  the  first  request  was  submitted 
are  said  to  be  the  major  reasons  for 
the  trimming. 

Though  the  approximate  level  of 
FY  '63  ComSat  funding  is  known,  it  is 
still  not  certain  how  individual  program 
budgets  will  be  juggled.  NASA  is  work- 

ing at  this  now,  and  officials  say  firm 
budget  plans  should  be  available  before 
the  end  of  the  year.  However,  it  is 
known  that  the  space  agency's  passive 
ComSat  Project  Rebound  will  be  de- 

ferred, at  least  temporarily,  and  that 
other  programs — including  Relay,  In- 

termediate Altitude  Communications 
Satellite,  and  the  high-altitude  (22,300 
miles)  Radiation  Measurement  Satellite 
program — also  will  suffer  cutbacks. 

•  Decisions  looming — Calendar  '63 
will  be  a  crucial  year  for  NASA's  Com- 

Sat programs,  particularly  the  active- 
repeater  projects.  Performance  of  the 
first  experimental  NASA-RCA  Relay 
satellite,  which  the  space  administration 
is  pressing  to  get  off  the  ground  be- 

fore this  year  ends,  and  the  NASA- 
Hughes  Syncom  satellite,  expected  to 
be  launched  in  the  first  quarter  of  calen- 

dar '63,  will  both  weigh  heavily  in  the 
future  course  of  active-repeater  devel- 
opment. 

There  is  strong  pressure  to  move 
ahead  quickly  with  programs  such  as 
Advanced  Syncom  and  the  Intermediate 
Altitude  system  (sometimes  incorrectly 
labeled  Advanced  Relay),  but  the  de- 

cisive influences  will  be  the  success  or 
failure  of  the  early  Relay  and  Syncom 
flights,  plus  the  recommendations  flow- 

ing out  of  a  handful  of  key  NASA  in- 
house  and  industry  studies  of  critical 
problem  areas. 

FULL-SCALE  MODEL  of  advanced  Syn- 
com satellite  built  by  Hughes  Aircraft  Co. 

The  satellite  will  be  five  feet  in  diameter 
and  weigh  500  lbs. 

There  are  various  long-range  projec- 
tions of  where  the  ComSat  program 

will  go  and  how  heavily  it  will  be 
funded,  and  conflicting  opinions  as  to 
what  type  of  system  looks  best  for  com- 

mercial operations.  However,  the  hard 
decisions  will  come  only  after  these 
early  flights  and  also — perhaps  equally 
important — after  the  newly  formed 
ComSat  Corp.  (M/R,  Sept.  3,  p.  17) 
gets  down  to  business.  NASA  will  re- 

main heavily  in  the  ComSat  R&D  busi- 
ness, in  any  case,  but  how  big  a  role 

ComSat  Corp.  takes — and  how  quickly 
■ — will  certainly  affect  what  the  space 
agency  will  have  to  do  to  sustain  the 
U.S.  effort  in  this  field. 

Best  guess  by  NASA  on  an  opera- tional date  for  a  commercial  ComSat 
system  is  about  1967.  This  will  probably 
be  an  active  system,  and  may  also  wind 
up  at  a  low  or  medium  altitude  due  to 
considerable  controversy — international 
in  scope — concerning  the  inherent  time- 
delay  problems  which  are  involved 
with  the  use  of  a  synchronous  altitude 
(22,300-mile)  system. 

For  FY  '64,  a  top  space  agency 
official  estimates  that  the  NASA  request 
for  communication  satellite  funds  will 

be  at  about  the  same  level  as  this  year. 
Projections  beyond  FY  '64  cannot  yet be  made  with  any  accuracy.  This  will 
no  doubt  include  some  of  the  defrayed FY  '63  costs. 

Early  1963  also  includes  launching 
of  the  Echo  A-12  rigidized  sphere  pas- 

sive ComSat,  the  next  and  probably 
last  Echo  shoot.  An  Applications  Ver- 

tical Test  (AVT),  No.  3  in  the  series, 
was  also  slated  for  the  second  quarter 
of  '63  to  check  out  additional  materials 
and  inflation  control  systems;  however, 
in  view  of  the  passive  program  de- 
emphasis,  these  plans  may  be  altered. 

•  Other  areas — In  addition  to  identi- 
fiable active  and  passive  ComSat  proj- 

ects and  the  radiation  measurements 

program,  NASA  is  carrying  on  a  multi- million-dollar advanced  research  and 
technical  development  program.  These 
studies  in  many  cases  directly  feed  ex- 

isting space  programs,  but  they  are  pri- 
marily aimed  at  furthering  NASA's  role as  an  R&D  agency  and  advancing  the 

state  of  the  art  in  many  technologies 
upon  which  ComSat  design  is  based. 

Of  the  $85.4  million  requested  by 
NASA  for  the  ComSat  program,  slightly 
more  than  $5  million  was  about  evenly 
divided  between  advanced  research 
and  advanced  technical  development. 
Though  some  of  these  studies  may  now 
be  reduced  or  postponed  for  lack  of  fis- 

cal support,  the  request  for  monies  in 
these  areas  gives  industry  a  major  clue 

as  to  the  space  agency's  future  needs. —Advanced  Research  includes:  tech- 
nical and  operational  studies,  nuclear 

power  supply  studies,  optimizing  an- 
tenna arrays  for  ComSats,  high-gain  re- 

flective structures,  modulation  and  de- 
modulation techniques,  simulation  of 

ComSat  systems,  quasi-passive  tech- 
niques, materials  and  components,  and 

K-band  RF  power  sources. 
—Advanced  Technical  Develop- 

ment includes:  development  fabrication 
and  testing  of  high-gain  reflective  struc- 

tures, long-life  traveling  wave  tubes, 
and  advanced  attitude  stabilization  tech- 
niques. 

NASA's  communication  satellite 
programs  are  directed  from  the  head- 

quarters office  of  Leonard  Jaffe,  direc- 
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tor  of  communications  systems.  Actual 
implementation  of  the  programs  is  the 
responsibility  of  the  Goddard  Space 
Flight  Center  ComSat  group  headed  by 
Robert  Mackey. 

NASA  ComSat  programs  currently 
include  two  existing  active-repeater  pro- 

grams— Relay  and  Syncom;  two  new 
and  more  advanced  active  projects  for 
which  funding  was  requested  for  the 
first  time  in  the  FY  '63  budget — the 
Intermediate  Altitude  Satellite  and  Ad- 

vanced Syncom  (neither  of  which  has 
yet  been  approved  as  a  flight  program); 
and  two  passive  programs — Project 
Echo  and  Project  Rebound,  the  latter 
now  in  an  advanced  research  status  and 
not  yet  approved  as  a  flight  program. 

Here  is  how  these  programs  stand 
today: 

•  Project  Relay — First  of  NASA's 
active  real-time  repeater  communica- 

tion satellites  will  be  the  RCA-built 
Relay.  Launching  of  this  spacecraft  is 
still  slated  for  later  this  year. 

Relay's  size,  weight,  orbital  charac- 

teristics, spin  stabilization  and  magnetic 
torquing  system,  and  channel  capacity 
are  all  roughly  similar  to  the  AT&T 

Telstar.  In  the  light  of  Telstar's  remark- able performance  to  date,  Relay,  in 
some  circles,  is  on  the  spot  to  perform 
as  well.  However,  there  are  many  salient 
differences  between  the  two  payloads 
and  successful  orbiting  of  Relay  is  cer- 

tain to  expand  the  ComSat  technical 
base. 

Relay's  wide-band  transmitters  in- 
clude RCA -designed  traveling -wave- 

tubes  with  a  10-watt  output,  roughly 
four  times  as  powerful  as  those  in  Tel- 

star. The  tubes  use  a  new  cathode  de- 
sign and  a  lightweight  platinum  cobalt 

magnet. 
Relay's  transmit/receive  frequencies 

of  4170  mc  and  1725  mc  will  also  pro- 
vide new  operational  comparisons  with 

those  of  Telstar.  Launching  of  Syn- 
com early  next  year  will  add  still  two 

more  frequencies  and  will  give  the 
space  agency  a  broad  base  with  which 
to  study  the  relative  merits  of  any  par- 

ticular frequency  range.  Frequencies 
between  1  and  10  kmc  are  generally 
considered  optimum  for  communica- tion satellites. 

In  addition  to  transponder  design 
differences,  the  Relay  antenna  design  is 
also  different  from  Telstar,  using  a 
lightweight  common  mast  arrangement 
to  mount  the  transmit/ receive  antennas. 
The  antenna  is  circularly  polarized  and 
emits  a  constant  omnidirectional  signal. 

Relay  will  also  carry  an  advanced 
scientific  package  to  gain  additional  data 
on  radiation  damage  to  at  least  two 
types  of  solar  cells  with  varying  degrees 
of  shielding,  and  also  on  proton  and 
electron  activity  levels  at  ComSat  alti- tude. 

Perhaps  the  most  significant  design 
difference  between  these  two  active  re- 

peaters is  the  virtually  complete  re- 
dundancy built  into  Relay.  This  design 

approach  is  a  source  of  controversy 
among  some  of  the  leading  designers  in 
this  field.  To  insure  reliability  and  get 
the  one-year  expected  lifetime,  every 
essential  subassembly,  involving  some 
3000  components,  will  be  duplicated. 

Relay  will  be  placed  in  an  elliptical 
orbit  from  AMR,  inclined  about  50 
degrees,  by  a  Thora-Delta  vehicle.  Satel- 

lite shape  was  chosen  to  make  maximum 
use  of  the  Delta's  protective  shroud. 

All  major  funding  on  Relay  has 
been  awarded.  A  second  flight  is  planned 
for  mid-1963,  with  possibly  a  back-up 
launch  for  either  of  the  first  two.  How- 

ever, two  more  satellites  of  "an  im- 
proved design,"  not  Advanced  Relay, 

which  were  originally  on  the  NASA 

flight  schedule  for  1963,  "might  suffer" 
from  the  rebudgeting,  according  to  a 
NASA  official.  This  is  probably  due  to 
cuts  in  the  number  of  Delta  boosters 

requested. 
NASA  requested  $19.1  million  for 

Relay  in  FY  '63. 
•  Intermediate  Altitude  Communi- 

cations Satellite — This  program  is  one 
of  the  two  major  new  undertakings 
NASA  included  in  its  request  for  FY 
'63  funds.  More  than  $21.5  million  was 
requested,  but  development  is  certain 
to  be  delayed  (M/R,  Oct.  1,  p.  9),  pos- 

sibly due  in  part  to  some  slippage  in  the 
Relay  I  launching.  Exactly  how  much 
the  program  will  actually  be  funded  is 
one  of  the  questions  now  being  mulled 
over  within  NASA  headquarters.  No 
hardware  contracts  on  this  project  are 

expected  in  FY  '63. As  of  now,  neither  this  program  nor 
the  Advanced  Syncom  exists  as  an  ap- 

proved flight  program.  In  fact,  the  In- termediate Altitude  Satellite  does  not 

exist  at  this  point — in  terms  of  an  ad- 
vanced study  phase. 

According  to  Director  Jaffe,  a  firm 
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RELAY  COMMUNICATION  satellites  take  shape  at  RCA's 
Astro-Electronics  Div.  They're  being  built  for  NASA's  Goddard 

Space  Flight  Center.  Foreground  shows  solar  panel  arrangement 
fitted  to  a  bare  structure  before  being  fastened  on  Relay. 

decision  on  this  program  is  not  likely 
until  the  end  of  the  first  quarter  of  next 
year.  He  points  out  that  this  decision 
cannot  be  made  before  initial  experience 
with  Relay  and  Syncom. 

Until  then,  NASA  will  conduct  an 
intensive  in-house  effort  combined  with 
some  outside  study  contracts  of  a  more 
general  nature  to  identify  as  many  of 
this  satellite's  critical  components  as 
possible.  Studies  will  also  be  directed  at 
the  number  of  satellites  that  would  be 
needed  in  a  system  of  this  sort,  the  re- 

quirement for  attitude  control,  stabiliza- 
tion, orientation,  power,  and  power  sup- 

plies. Also  getting  heavy  attention  will 
be  development  of  design  techniques  for 
multiple-access  capability  for  ground 
stations. 

"As  we  define  individual  pieces  of 
this,"  Jaffe  says,  "we  will  probably  es- 

tablish a  development  effort."  He  doubts 
that  a  flight  program  will  be  approved 
before  these  individual  elements  are  in 
being. 

Though  some  general  study  con- 
tracts have  already  gone  to  STL  and 

Rand  Corp.,  Jaffe  says  a  system  design 
study  is  not  likely  until  "we  can  pin 
down  these  components." NASA  scientists  at  Goddard  SFC 
were  hopeful  that  a  specific  spacecraft 
feasibility  study  contract  might  be  let 
by  the  space  agency  soon  after  the  first 
of  the  year,  indicating  some  progress 
on  component  development. 

According  to  NASA,  development 
of  an  Intermediate  Altitude  Communi- 

cations Satellite  is  a  logical  extension  of 
the  low-altitude  Relay,  yet  it  is  not 
officially  referred  to  as  an  Advanced 
Relay.  This  is  probably  because  the 
intermediate-altitude  vehicle  is  actually 
a  brand  new  program  aimed  to  func- 

tion at  a  new  altitude,  and  may  have  to 
develop  considerably  new  and  different 

hardware  and  techniques  from  that  of 
its  lower-altitude  predecessor. 

This  could  mean  that  more  contrac- 
tors not  now  in  the  ComSat  program 

may  have  a  better  opportunity  here 
than  they  would  have  on  a  program 
such  as  Advanced  Syncom,  which 
should  draw  heavily  upon  those  firms 
already  involved  with  Syncom  I. 

An  intermediate-altitude  satellite 
operating  at  between  6000  and  10,000 
miles,  would,  in  effect,  be  a  compro- 

mise between  the  lower-altitude  Telstar 
and  Relay,  and  the  synchronous-altitude 
Syncom.  These  intermediate  altitudes 
will  still  provide  long  mutual  visibility 
time  between  widely  separated  ground 
stations — without  requiring  either  the 
large  number  of  satellites  or  extensive 
ground  station  requirements  implicit  in 
a  low-altitude  system  or  the  heavy 
booster  and  sophisticated  stabilization 
requirements  of  the  24-hr.  orbital  sys- 
tems. 

As  currently  envisioned  by  NASA, 
this  system  would  ultimately  provide 
the  same  channel  capacity  as  an  Ad- 

vanced Syncom,  employing  four  trans- 
ponders each  capable  of  handling  an 

estimated  300  two-way  telephony  chan- 
nels or  a  single  TV  channel.  The  sys- 

tem will  probably  use  a  gravity-gradient 
type  stabilization  system. 

In  discussing  the  intermediate-alti- 
tude program,  Jaffe  points  out  that 

though  no  system  study  has  been 
awarded  to  date,  as  has  been  the  case 
with  Advanced  Syncom,  this  does  not 
necessarily  indicate  a  more  advanced 
development  stage  for  Syncom.  He 
points  out  that  the  intermediate  altitude 
system  may  actually  require  less  devel- 

opment work  and  have  fewer  unknowns 
and  critical  elements  than  the  wide-band 
synchronous  altitude  satellite  at  this 
point.  In  particular,  he  notes  the  addi- 

tional study  required  on  the  Advanced 
Syncom  apogee  motor  and  phased-array antenna. 

Jaffe  hits  at  three  major  areas  of 
development  which  NASA  will  concen- 

trate on  which  should  have  across-the- 
board  application  in  many  upcoming 

projects: 1)  Stabilization — Spin  stabilization, 
gravitational  and  magnetic  field  interac- 

tion methods  will  get  continued  study 
in  addition  to  development  of  long-life 
multiple-axis  control  systems.  Gas  jet 
systems  will  continue  in  use  and  will  be 
refined,  however  supply  limitations  will 
also  cause  additional  R&D  on  electrically 
driven  inertia  wheel  approaches  (M/R, 

Sept.  17,  p.  70).  Naturally,  with  im- 
provements in  stable  platforms  much 

higher  gain  antenna  configurations  will 
be  possible.  All  decisions  must  be  care- 

fully weighed  against  a  host  of  power, 
weight,  and  complexity  trade-offs. 

2)  Power  Supplies — NASA  is  work- 
ing hard  at  improving  solar  cell  tech- 

nology and  is  also  concentrating  on 
development  of  radioisotope  power.  A 
funded  program  in  this  latter  area  is 
reportedly  being  considered.  Comment- 

ing on  the  application  of  SNAP-8-type 
power  to  ComSats,  Jaffe  points  out  that 
though  many  talk  of  this  and  it  will  no 
doubt  become  technically  feasible,  the 
application  "is  a  long  way  off;  not 
within  this  decade." 

3)  Multiple  Access  —  Included  in 
the  development  of  techniques  allowing 
efficient  multiple  access  for  ComSats 
are  a  host  of  decisions  to  be  made  con- 

cerning basic  transponder  types  and 
numbers  and  also  modulation  schemes. 
NASA  is  not  now  soliciting  contracts  in 
this  area,  though  they  are  responsive  to 
new  but  not  directly  solicited  ideas. 
Results  of  theoretical  studies  of  various 
modulation    techniques    on  multiple- 
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access  designs  by  both  the  Rand  Corp. 
and  the  Stanford  Research  Institute  may 
show  the  need  for  more  detailed  and 
specific  studies. 

•  Syncom — Launching  of  the  first 
near-synchronous  (22,300-mile)  com- 

munications satellite  expected  in  the 
first  quarter  of  '63  will  give  the  U.S. 
first  performance  data  on  a  system 
which  many  feel  may  in  the  long  run 
provide  the  ultimate  in  commercial 
ComSat  design. 

The  125-lb.  narrow-band  satellite, 
which  includes  in  its  weight  a  70  lb. 
apogee  "kick"  rocket  for  synchronous 
orbit  injection,  has  been  developed  for 
NASA  by  Hughes  Aircraft  Co.  Syn- 

com I  measures  only  28-in.  in  diameter 
and  will  be  capable  of  only  a  single 
two-way  telephony  link.  The  payload 
also  employs  considerable  redundancy 
of  major  electronics,  and  the  TWT 
power  amplifier  will  have  a  2-watt 
output. 

Much  of  the  ground  station  equip- 
ment used  during  the  Syncom  1  experi- 

ments will  be  that  developed  by  DOD 
on  the  now  reoriented  Advent  program. 

Syncom  will  be  launched  into  an 
orbit  inclined  33  deg.  from  the  equator, 
and  therefore  the  satellite  will  not  rep- 

resent a  truly  synchronous  or  "station- 
ary" ComSat.  It  will  actually  describe 

an  elongated  figure-eight  pattern  every 
24  hours,  moving  33  degrees  north  and 
south  of  the  equator  along  the  same 
longitude  during  this  period. 

With  the  use  of  more  powerful 
boosters,  advanced  satellites  of  this  type 
can  be  placed  directly  into  the  desired 
equatorial  orbit  from  AMR. 

Despite  Syncom's  limited  channel 
capacity,  the  satellite  should  provide  the 
first  operational  evaluation  of  time  de- 

lay and  echo  problems.  Hughes  engi- 
neers tend  to  write  off  the  time-delay 

problem  as  not  very  annoying — though 
many  others  don't  agree — and  have  also 
come  up  with  an  echo  suppressor  for 
use  with  high-altitude  satellites  devel- 

oped by  General  Telephone  &  Elec- 
tronics Corp. 

Syncom,  because  of  weight  limita- 
tions, will  carry  no  radiation  experi- 
ments. Damage  from  Van  Allen  belt 

proton  particles  at  these  altitudes  is 
expected  to  be  considerably  less  than 
with  lower  altitude  satellites.  The  Radi- 

ation Measurement  Satellite  program 
eventually  will  make  detailed  studies 
of  the  levels  at  the  22,300-mile  level. 
Transmission  from  the  ground  will  be 
at  7500  mc,  and  from  the  satellite  at 
1850  mc. 

Probably  the  most  important  aspect 
of  Syncom  design,  and  the  one  which 
has  sped  availability  of  the  satellite 
along  faster  than  most  believed  possi- 

ble, is  its  uniquely  designed  attitude- 
control  and  antenna-pointing  system. 

Syncom  will  be  spin-stabilized  at 

165  rpm  (using  the  spin  imparted  by 
the  booster's  third  stage),  much  like 
other  ComSats;  but  it  will  also  be 
equipped  with  hydrogen  peroxide  and 
nitrogen  jets  for  coarse  and  fine  atti- 

tude control,  perhaps  controllable  to 
within  ±10  fps. 

After  approximate  synchronism  at 
the  desired  longitude  is  achieved,  the 
spacecraft  will  be  oriented  so  that  its 
spin  axis  is  perpendicular  to  its  orbital 
plane,  much  like  a  wheel  riding  on  a 
track  around  the  earth. 

This  will  be  done  by  pulsing  the 
attitude-control  jet,  located  on  one  end 
of  the  vehicle,  by  command  from  the 
ground,  based  on  information  about  the 
vehicle's  attitude  and  spin  angle  fur- 

nished by  a  solar  angle  sensor.  Any 
"nodding"  of  the  satellite  on  its  axis 
will  be  removed  by  a  mercury  vapor 
nutation  damper. 

Final,  precise  adjustments  in  the 
spacecraft's  synchronism  will  be  made 
by  pulsing  the  velocity-control  jet  lo- 

cated on  a  side  panel. 
With  this  orientation,  the  slotted 

array  antenna,  yielding  an  expected  6 
db  gain  and  radiating  a  figure-of-re volu- 

tion pattern,  can  continually  encompass 
the  Earth  while  the  satellite  is  spinning. 
If  this  early  system  succeeds,  Hughes 
claims  it  will  lead  the  way  to  achieving 

with  this  type  of  antenna  arrangement 
and  spin  stabilization  the  same  high  an- 

tenna gain  that  could  be  achieved  using 
far  more  complicated,  fully  stabilized 
inertial  platforms. 

A  second  Syncom  is  slated  for 

launching  in  the  second  quarter  of  '63 
with  a  back-up  ready  after  each  launch- 

ing if  necessary.  The  bulk  of  funding 

for  Syncom  I  came  through  FY  '62 
money,  with  another  $4.1  million  re- 

quested during  FY  '63.  No  new  awards are  anticipated  in  this  program. 

•  Advanced  Syncom — NASA's  Ad- vanced Syncom  program  will  naturally 
build  heavily  upon  experience  gained  in 
Syncom  I,  and  will,  in  effect,  be  aimed 
at  extending  Syncom  I's  extremely 
narrow-band  capability  into  a  wide- 

band system  with  an  extensive  multiple 
access  capability. 

The  satellite  is  expected  to  use  simi- 
lar techniques  for  achieving  and  main- 

taining orbit;  however,  it  should  hold  a 
truly  synchronous  position  with  respect 
to  the  Earth  through  use  of  an  Atlas- 
Agena  booster  to  put  it  into  equatorial 
orbit  from  AMR. 

Advanced  Syncom  is  expected  to 
weigh  about  500  lbs.,  exclusive  of  the 
apogee  motor.  It  will  also  be  spin- 
stabilized  and  then  rotated  perpendicular 
to  the  orbital  plane,  similar  to  Syncom  I; 

TEST  SATELLITE  12V2  ft.  in  diameter  is  static  inflated  before  being  delivered  to  NASA 

for  evaluation.  Sphere  is  one  of  a  series  built  by  Geophysics  Corp.  of  America's  Viron Div.,  and  is  designed  to  test  characteristics  of  passive  communication  satellites. 
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but  it  will  carry  a  more  sophisticated, 
electronically-steerable  1 6-element 
phased-array  antenna  employing  fer- 
rite  phase  shifters.  With  this,  Hughes 
engineers  hope  to  achieve  18  db  of  an- 

tenna gain. 
This  antenna  reportedly  will  de- 

velop a  searchlight  beam  pattern  and 
will  be  kept  pointed  at  the  earth  by 
"de-spinning"  the  antenna  at  a  rate 
equivalent  to  the  rate  at  which  the  sat- 

ellite is  spinning  forward. 
According  to  C.  Gordon  Murphy, 

project  manager  at  Hughes,  "when  we demonstrate  this  and  show  that  it  works 
satisfactorily,  I  believe  the  arguments 
over  the  various  types  of  communica- 

tion satellites  will  be  finished." NASA  will  conduct  studies  to  check 
on  any  detracting  angle  modulation  or 
system  degradation  effects  resulting 
from  this  procedure. 

The  satellite  is  expected  to  carry  4 
dual-mode  2.5-watt  output  single-side- 

band transponders,  design  of  which 
presents  some  linearity  problems.  Other 
key  technical  areas  in  development  of 
this  system,  according  to  NASA,  in- 

volve developing  maximum  perform- 
ance of  the  hot-gas  reaction  control  for 

attitude  control  and  station  keeping,  and 
optimizing  a  spherical  or  near-spherical 
apogee  motor. 

Advanced  Syncom,  for  which  NASA 

requested  $18.6  million  in  FY  '63,  is 
still  in  the  study  phase  of  its  advanced 
research  program,  and  not  yet  an  ap- 

proved flight  program. 
The  $2.3-million  study  awarded  to 

Hughes  in  June  covers,  in  addition  to 
spacecraft  feasibility  design,  several  of 
the  key  or  critical  elements:  the  phased- 
array  antenna,  control  system,  and  SSB 
transponder.  The  results  of  the  study, 
expected  in  February  or  March,  should 
signal  a  decision  on  the  flight  program. 

NASA  officials  at  Goddard  look  for 
approval  of  the  program  at  that  time 
and  funding  beginning  in  March,  '63. Hughes  is  considered  a  natural  for  the 
airborne  portion  of  the  program,  but 
NASA  sources  point  out  that  there  may 
be  a  much  more  wide-open  market  for 
some  of  the  ground  equipment,  es- 

pecially the  SSB  and  FM  gear,  than 
there  was  with  Syncom  I. 

The  bulk  of  the  funding  on  any  ap- 
proved Advanced  Syncom  flight  pro- 

gram will  probably  come  in  FY  '64  and 
'65,  according  to  NASA,  with  a  drop-off 
in  FY  '66. 

If  approved,  NASA  reports  FY  '63 funds  will  begin  spacecraft  development 
and  start  fabrication  of  the  first  two 
satellites.  Early  funding  of  the  booster 
procurement  would  also  come  from  FY 
'63  money.  Two  flights  in  1964  and  one 
in  '65  are  planned. 

•  Project  Echo — Sometimes  called 
Echo  II  but  more  properly  known  as 

Echo  A-12  (or  rigidized  sphere),  this 
passive  ComSat  balloon  is  a  larger  (135- 
ft.-dia.)  and  inherently  more  rigid  ve- 

hicle than  the  Echo  I  balloon  which  is 
still  in  orbit. 

A-12  is  slated  for  launching  from 
PMR  aboard  a  Thor-Agena  booster 

during  the  first  quarter  of  calendar  '63. 
It's  hoped  that  the  three-layer  alu- 

minum mylar  laminate  structure,  devel- 
oped for  NASA  by  the  G.  T.  Schjeldahl 

Co.,  will  show  improved  radar  reflec- 
tivity and  usable  lifetime  in  orbit.  The 

balloon  will  be  equipped  with  beacons, 
to  facilitate  acquisition  and  track.  The 
same  device  will  also  provide  telemetry 
on  skin  temperature  and  inflation  pres- sure. 

No  other  orbital  Echo  launchings 
are  scheduled  at  this  time.  No  new 
funding  is  anticipated,  with  the  possible 
exception  of  some  small  awards  for 
radar  cross-section  measurements  and 
life  data  experiments. 

•  Project  Rebound  —  The  tempo- 
rary de-emphasis  of  passive  ComSat 

programs  pending  further  R&D  will  be 
most  obvious  in  its  effect  on  Project 
Rebound,  the  space  agency's  program 
to  develop  both  hardware  and  tech- 

niques for  placing  a  multiple  passive 
ComSat  payload  into  orbit  with  the  use 
of  a  single  booster. 

Rebound,  according  to  NASA,  has 
been  deferred  and  will  exist  only  as  an 
advanced  research  study,  at  least  for  this 
fiscal  year,  and  not  as  an  approved  flight 
program.  Whether  or  not  the  funding 
($16.7  million  requested  in  FY  '63)  and 
the  flight  plans  will  be  revived  next  year 
is  not  yet  clear. 

Possibly  a  factor  in  the  rebudgeting 
in  this  area  was  the  decision  disclosed  by 
NASA  that  the  satellites  be  put  into 
random  orbits  rather  than  the  precise 
orbits  originally  planned. 

The  decision  to  go  with  random 
orbits  was  reportedly  based  on  the  con- 

clusions of  a  Douglas  Aircraft  Co.  study 
made  for  NASA.  Though  both  types  of 
orbits  could  probably  be  achieved,  the 
random  orbit  would  be  considerably 
easier  and  less  expensive  within  the 
current  state-of-the-art. 

For  precise  orbital  positioning,  a 
fairly  accurate  attitude  control  system 
would  be  required,  in  addition  to  tele- 

metry equipment  to  facilitate  tracking 
and  error  correction.  Even  with  this 
equipment  aboard,  top  NASA  scientists believe  that  with  existing  technology 
the  precise  orbits  would  soon  deteriorate 
into  random  ones. 

In  a  Rebound  flight  program,  the 
first  of  two  previously  planned  PMR 
launchings  could  not  now  be  expected 
to  come  before  late  1964.  Original  tar- 

get date  was  in  1963.  The  payload  will 
be  lofted  aboard  an  Atlas-Agena  into  a 

C.  E.  ALLEN  and  COMPANY 
1600  NORTH  SEMINOLE  DRIVE 

WEST  HOLLYWOOD,  FLA.    Yukon  3-1402 

134 Circle  No.  9  on  Subscriber  Service  Card 
missiles  and  rockets,  November  26,  1962 



1700-mile   circular   orbit   inclined  at 
82  deg. 

The  first  flight,  when  scheduled,  is 
certain  to  include  a  mixed  payload 
(M/R,  May  28,  p.  18),  with  some 
NASA  scientists  indicating  as  many  as 
five  satellites  may  ride  aboard  the  single 
booster.  This  payload  may  include  three 
different  types  of  passive  spherical  satel- 

lites, with  perhaps  two  each  of  two 
particular  structures.  There  are  no  pres- 

ent plans  to  include  non-spherical  pas- 
sive structures  in  the  Rebound  payload. 
At  the  moment,  the  materials  likely 

to  go  aboard  a  Rebound  payload  include 
the  tri-layer  aluminized  mylar  laminate 
developed  by  Schjeldahl  for  Echo  A-12; 
another  tri-layer  Schjeldahl  structure 
which  uses  a  chemical  milling  process 
to  remove  a  considerable  portion  of  the 
satellite's  skin  in  orbit,  leaving  hexagonal 
shaped  holes  in  the  aluminum  layers; 
and  a  very  thin  and  lightweight  ex- 

panded aluminum  mesh  developed  by 
the  Viron  Div.  of  Geophysics  Corp.  of 
America,  which  is  laminated  between 
two  sheets  of  polypropylene.  The  cover- 

ing is  removed  by  solar  heating  once  in 
orbit. 

Though  there  are  no  specific  plans 
in  this  area,  some  observers  believe  the 
Rebound  multiple  injection  technique 
may  provide  a  good  base  for  similar 
launchings  with  active  systems. 

Air  Force,  Army,  and  DOD  interest 
in  Rebound  and  the  overall  passive 
program  is  also  substantial.  There  are 
many  observers  both  in  industry  and 
the  military  who  feel  that  passive  Com- 
Sat  techniques  may  be  very  useful  to  the 
military  for  a  global  wide-band  capa- 

bility with  a  good  deal  more  security 
to  offer  than  many  active  satellite 
designs. 

The  big  NASA  R&D  need  in  the 
passive  program  is  for  improved  mate- 

rials and  structural  shapes.  Material 
studies  will  focus  primarily  on  achieving 
higher  reflective  gains.  Also,  new  shapes 
are  being  studied  in  conjunction  with 
gravity-gradient  stabilization  techniques. 
New  contracts  are  anticipated  in  the 
near  future  in  both  areas,  NASA  re- 

ports. One  official  speculated  that  some 
of  these,  in  particular  those  dealing  with 
shapes,  may  go  to  universities. 

Despite  the  increase  in  interest  in 
non-sperical  passive  or  quasi-passive 
ComSats,  NASA  officials  stress  that  this 
is  only  in  an  advanced  research  stage 
and  there  are  currendy  no  flight  pro- 

grams whatever  for  these  designs.  Nor 
is  there  likely  to  be  one,  according  to 
Jaffe,  until  the  materials  problem  is 
well  in  hand.  "We  are  still  looking  for 
a  big  improvement  in  materials,"  says 
Jaffe.  "We  must  boost  too  much  into 
orbit  at  this  point  to  make  the  passive 
devices  competitive  with  active  satel- 

lites." » 
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NASA/meteorological  satellites 

Agency  Shaping  Program  for  Decade 

Further  improvements  in  successful  Tiros  sought; 

Nimbus  development  pressed;  Aeros  holds  promise 

NASA'S  METEOROLOGICAL  sat- 
ellite R&D  budget  may  hit  any  level 

from  $50  million  to  $100  million  a  year 
five  years  from  now,  although  it  is  most 
likely  to  be  about  $75  million  annually. 

FY  '63  budget,  approved  at  $64  mil- 
lion, will  be  reprogramed  to  fund  three 

newly  added  Tiros  satellites.  In  addition, 
the  Weather  Bureau  is  expected  to  have 
a  satellite  budget  of  about  $50  million 
a  year. 

Other  new  programs  under  consid- 
eration: 

— Development  problems  of  a  syn- 
chronous satellite — a  concept  referred 

to  as  Aeros. 

—New  orbits,  experiments  and  uses 
for  the  Tiros  satellite.  This  may  result 
in  orders  for  seven  additional  satellites, 
bringing  the  total  to  15  satellites  by  the 

third  quarter  of  1964. 
—A  global  operational  meteorolog- 
ical satellite  system.  The  United  States 

and  the  Soviet  Union  have  been  holding 
bilateral  discussions  on  this  possibility 
since  an  exchange  of  notes  between 
President  Kennedy  and  Premier  Khrush- 

chev. It  remains  to  be  seen  how  the 
recent  international  tensions  will  affect 
this  effort. 

—  The  continuing  search  for  more 
reliable  components  for  Nimbus,  the 
second-generation  satellite  slated  for 
first  launching  in  late  '63. 

—New  ways  to  use  satellites  in 
measuring  temperature,  water  vapor  and 
pressure  from  afar. 

•  Aeros  concept — A  study  group  at 
NASA's  Goddard  Spaceflight  Center  in 
Greenbelt,  Md.,  is  working  full  time  on 

the  problems  of  developing  a  satellite 
which  will  permit  continuous  viewing 
of  all  spots  on  the  Earth. 

The  only  possible  way  to  do  this 
seems  to  be  with  a  24-hour,  22,000-mi.- 
high  synchronous  satellite.  However, 
NASA  is  not  ruling  out  other  ap- 

proaches, should  they  be  discovered. 
Although  bids  for  study  contracts 

were  received  more  than  six  weeks  ago, 

no  contracts  were  awarded.  "They  left 
something  to  be  desired,"  one  official 
reported. 

The  in-house  study  is  trying  to  de- 
termine three  things  about  why  the 

response  from  industry  was  not  what 
Goddard  had  hoped: 

—How  well  did  we  (Goddard)  do 
in  outlining  what  we  needed?  (In  other 
words,  was  the  request  for  bids  drawn 
up  in  such  a  way  that  it  misled  the contractors?) 

—How  well  did  industry  firms  do 
in  drawing  up  their  bids? 

—Or  is  the  only  outlook  the  kind 
of  system  indicated  in  these  bids? 

The  main  problem  is  one  of  weight 
— and  thus,  basically,  of  boosters.  The 
systems  so  far  proposed  would  weigh 
about  1000  lbs.,  requiring  the  Centaur 
booster.  But  reported  delays  in  the 
Centaur  program  are  causing  more  than 
one  official  chagrin. 

Meteorological  satellite  officials  said 
they  would  favor  a  smaller  spacecraft, 
with  a  simple  design,  if  it  could  be 
designed.  The  whole  concept  will  be 

evaluated  in  a  year's  time. 
As  many  study  contracts  as  can  be 

fitted  into  the  budget  and  are  thought 
worthwhile  will  be  awarded.  This  may 
cover  several  approaches.  In  addition, 
some  technical  information  is  expected 
to  come  out  of  the  Advent  program. 

•  Alternative  gear — NASA  also  has 
not  outlined  the  components  it  wants 
on  the  spacecraft.  According  to  top  offi- 

cials, there  are  a  number  of  alternative 
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systems  that  might  do  the  job. 
The  camera,  for  instance,  could  be 

a  two-camber  or  variable  focal  system. 
Requirement  is  for  a  system  that  will 
provide  a  choice  of  viewing  the  entire 
Earth  at  once,  or  viewing  selected  spots 
in  detail. 

Development  time,  if  all  goes  well, 
will  probably  be  about  two  to  two-and- 
a-half  years.  This  would  mean  that  the 
first  satellite  would  be  launched,  if  the 
program  is  approved,  no  earlier  than 
1966. 

The  first  six-month  contracts  are 
expected  to  point  up  the  major  prob- 

lems. The  next  year  and  a  half  will  be 
spent  on  the  lead  items,  probably  the 
sensors  and  the  problem  of  station 
keeping. 

Some  component  research  for  ad- 
vanced satellites  of  the  Aeros  type  is 

now  going  on  at  Goddard.  This  includes 
studies  of  sensors,  power  problems  and 
advanced  camera  design,  as  well  as  a 
search  for  ways  to  see  the  night  side 
of  the  Earth. 

Some  thought  also  is  being  given 
to  using  a  small  satellite  (such  as  Tiros) 
to  "scout"  Aeros  problems. 

•  One  a  year — If  the  system  is  ap- 
proved, officials  say  that  NASA  prob- 

ably would  launch  one  satellite  a  year. 
The  Weather  Bureau's  Meteorological 
Satellite  Applications  has  already  indi- 

cated that  it  would  be  interested  in  fund- 
ing additional  Aeroses  for  operational 

use  if  the  program  proves  itself. 
If  all  goes  well,  probably  four  or  five 

research  and  development  flights  would 
be  made  by  NASA,  with  Weather  Bu- 

reau models  sandwiched  in  between. 
The  main  jobs  Aeros  would  do: 
—Watch  the  origin  and  follow  early 

hurricane  developments  and  typhoons. 
As  these  originate  in  the  low  latitudes, 
they  cannot  be  viewed  more  than 
once  a  day  each  by  Tiros  and  Nimbus 
TV  and  IR. 

—View  and  identify  mesosystems 
which  have  less  than  a  six-hour  lifetime. 
Some  of  these  systems  seem  to  have 
identifiable  characteristics  and  have 
been  briefly  glimpsed  by  Tiros. 

—Possibly  identify  tornadoes,  or  at 
least  the  small  systems  which  spawn 
them. 

Officials  caution,  however,  that  Aeros 
is  not  yet  a  program;  it  must  meet 
priority  and  resources  criteria  at  the 
administrative  level. 

No  satellite  types  beyond  Aeros  are 
envisioned  by  Met/ Sat  officials.  Aeros, 
in  equatorial,  synchronous  orbit,  would 
complete  the  orbital  coverage  of  weather 
satellites  since  Tiros  is  in  inclined  orbit 
and  Nimbus  will  be  in  polar  orbit. 
However,  each  type  will  continue  to 
improve  and  change. 

•  Long-range  program  —  Underly- 
missiles  and  rockets,  November  26,  1962 

FROM  ECCENTRIC  ORBIT,  a  satellite  would  see  the  whole  disc  of  Earth  from  about 
a  3000-mi.  apogee.  Dr.  Harry  Wexler,  late  chief  of  the  Weather  Bureau,  theorized  that 
systems  would  look  like  this  in  Northern  Hemisphere.  Tiros  photographs  (interposed 
black  lines)  have  already  borne  out  his  theory. 

ing  the  flight  programs  of  NASA's  me- 
teorological satellite  group  is  a  long- 

range  program  to  discover  better  ways 
of  getting  weather  information. 

The  two  current  methods  are  by  TV 
camera  and  by  infrared  measurements. 
However,  NASA  is  also  investigating 
possibilities  of  taking  nighttime  cloud 
pictures  and  using  other  portions  of  the 
electromagnetic  spectrum. 

Scientists  are  now  taking  a  close 
look  at  this  spectrum  to  see  if  any 
portions  (besides  IR)  correlate  closely 
with  temperature,  pressure  or  winds  of 
the  atmosphere.  At  present,  there  is  no 
way  to  measure  these  from  a  distance. 

Dr.  Morris  Tepper,  chief  of  meteor- 
ological satellite  research  at  NASA, 

says  he  offers  "a  gold  medal  and  mete- 
orological immortality  to  anyone  who 

can  devise  a  way  to  measure  pressure 
from  a  satellite."  This  measurement 
must  be  within  .02%  of  a  degree.  The 
only  way  proposed  at  present  is  to  put 
barometers  in  the  ground  and  have 
them  transmit  information  to  satellites. 

Another  long-range  consideration  is 
the  use  of  radar  to  discover  precipitation 
areas.  Its  real  value  has  not  been  de- 

cided, and  a  study  contract  is  presently 
investigating  this. 

Spherics,  the  radio  waves  associated 
with  thunderstorms,  are  also  being 
studied  at  NASA.  Met/ Sat  officials  say 
that  if  their  origin  could  be  identified, 
they  would  probably  be  used  to  get  a 
thunderstorm  census  of  the  world. 

NASA  also  is  supporting  develop- 
ment by  Radio  Corporation  of  America 

of  an  electrostatic  tape  for  meteorologi- 
cal satellites,  which  would  combine  with 

the  camera  for  storing  of  photographs. 
This  would  be  a  non-destruct  readout 
system,  which  could  permit  any  country 
with  proper  receiving  equipment  to  in- 

terrogate the  satellite  and  read  it  out 
without  destroying  the  information. 

This  equipment  is  expected  to  be 
ready  sometime  after  the  fourth  Nimbus. 

Sounding  rockets,  still  the  bulk  of 
Goddard's  day-to-day  effort,  will  be 
launched  at  the  rate  of  about  30  per 
year  for  meteorological  and  aeronomical 
research. 

In  addition,  meteorological  experi- 
ments will  be  carried  on  other  research 

satellites,  specifically  S-6  (atmospheric 
structures  satellite,  slated  for  launch  the 
the  first  quarter  of  1963)  and  EOGO 
and  POGO  (orbiting  geophysical  ob- servatories.) 
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Goddard  officials  also  indicated  they 
are  working  out  plans  to  put  meteoro- 

logical packages  on  Venus-  and  Mars- 
bound  spacecraft. 

NASA,  DOD  and  the  Weather  Bu- 
reau cooperate  through  the  Joint  Mete- 

orological Satellite  Advisory  Committee 
(JMSAC). 

•  Tiros — The  program  now  under- 
going the  greatest  planning  activity  is 

the  Tiros  (Television  InfraRed  Observa- 
tion Satellite). 

Negotiations  are  now  being  com- 
pleted with  the  Weather  Bureau  to  fund 

an  additional  four  satellites.  NASA  will 
add  three,  bring  the  total  number  to 
15.  (The  first  two  in  1963  have  already 
been  funded.) 

These  may  be  launched  36  days 
apart  to  orbit  in  pairs  at  opposite  points 
over  the  Earth.  One  satellite  in  each  pair 
would  be  a  conventional  one,  essentially 
an  "operational"  model  ( Tiros  is  still  an 
R&D  program).  The  other  would  be 
available  for  NASA's  R&D  experiments, but  would  provide  as  much  operational 
information  as  possible. 

Almost  all  NASA  Met/Sat  officials 
told  M/R  that  the  Tiros  program  was 
almost  too  successful.  In  the  first  six 
launchings,  the  cloud  pictures  in  par- 

ticular have  been  so  good,  they  said, 
that  too  much  emphasis  has  been  placed 
on  the  satellite's  operational  use.  Tiros 
still  has  a  myriad  of  research  uses,  they 
said.  Among  the  things  being  considered: 

—Polar  orbit,  in  preparation  for 
Nimbus.  Tiros  could  carry  some  Nim- 

bus components  such  as  horizon  scan- 
ners. And  it  would  help  break  in  the 

PMR  crews  for  Met/ Sat  launchings. 
To  launch  into  polar  orbit,  a  Thor- 

Agena  B  might  be  needed.  This  would 
leave  about  400  lbs.  additional  payload 
available  besides  Tiros,  so  NASA  is 
looking  for  another  satellite  to  team  up 
with. 

—Eccentric  orbit.  Among  the  next 
few  Tiroses  one  undoubtedly  will  be 
launched  into  a  highly  elliptical  orbit, 
probably  about  300-300  miles.  Met/ 
Sat  officials  say  that  at  apogee  the  satel- 

lite will  see  the  whole  disc  of  the 
Earth,  with  a  longer  view  of  individual 
movements. 

Orbit  calculation  problems  face  the 
eccentric  orbit,  and  variations  of  in- 

clination and  payload  weight  are  being 
calculated.  In  addition,  some  modifica- 

tions may  be  made  on  the  camera  lens 
system,  possibly  using  a  combination  of 
an  Elgeet  and  a  narrow-angle  lens. 
Some  transmitter  change  may  be  needed, 
possibly  going  from  a  2-watt  to  a  10- 
watt  system.  This  may  put  a  strain  on 
the  solar  cell  system,  but  added  sun- 

shine may  compensate.  Some  thought 
also  has  been  given  to  going  to  a  more 
efficient  solar  cell  to  compensate  for 
this  added  power  drain.  However,  these 
details  have  not  been  worked  out  yet. 
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TIROS  satellite  may  be  used  for  polar 
orbit  or  eccentric  orbit  in  new  plans  for 
research  exploitation  of  the  highly  reliable 
spacecraft.  Tiros  is  boosted  by  the  equally 
reliable  Douglas  Thor-Delta  rocket.  Launch 
record  is  six  tries,  six  successes. 

The  eccentric  orbit  experiment  was 
one  which  was  forgotten  when  Tiros 
proved  to  be  so  successful.  However, 
when  Tiros  IV  went  into  an  elliptic 
orbit  (367-604)  it  revived  the  idea  that 
such  an  orbit  could  be  very  useful  in 
research. 

If  the  eccentric  orbit  does  prove 
beneficial,  it  may  affect  orbital  plans 
somewhere  in  the  Nimbus  program,  but 
officials  conceded  that  this  is  pretty unlikely. 

NASA  spokesmen  said  the  eccentric 
orbit  would  affect  the  operational  use 
of  the  satellite  somewhat,  because  the 
type  of  coverage  would  be  different. 
Also,  the  introduction  of  unknowns 
might  lead  to  some  difficulties  in  han- 

dling. Thus  the  space  agency  said  it 
would  fund  and  direct  all  experimental 
Tiroses,  but  would  make  all  efforts  to 
get  as  much  operational  use  out  of  them 
as  possible  for  the  Weather  Bureau. 

— 15-micron  experiment.  Nimbus- 
type  instruments  will  be  flown  in  one 
of  the  early  forthcoming  Tiros  satellites. 
The  Nimbus  horizon  scanner  will  de- 

pend on  measurements  of  the  15-micron 
region,  which  closely  follows  the  Earth's horizon.  NASA  wants  to  test  the  scan- 

ner and  check  out  the  feasibility  of 
using  this  region.  This  experiment 
would  be  most  helpful  if  flown  on  the 
polar-orbiting  Tiros. 

Officials  also  indicated  that  they  felt 
they  had  not  gotten  all  the  infrared 
information  that  they  wanted.  They 
feel  that  there  is  a  need  to  get  a  com- 

plete global  picture  on  a  year-long  basis. 
All  the  IR  experiments,  including  the 
15-micron  one,  are  designed  and  ad- 

ministered by  the  Goddard  Spaceflight 
Center. 

A  Nimbus  acquisition  station  at 
Fairbanks,  Alaska,  will  be  modified  and 
activated  for  Tiros  use  by  the  first  quar- 

ter of  1963.  This  will  give  Tiros  three 
stations,  enabling  NASA  to  meet  its 
heavier  launch  schedule. 

About  60  people  will  be  needed  to 
staff  at  Fairbanks — serving  Tiros  but 
getting  experience  for  Nimbus.  When 
Nimbus  is  phased  in,  both  can  be 
handled  there. 

Tiros  has  an  amazing  success  story 
of  launching,  and  an  average  satellite 
lifetime  of  about  four  months. 

The  percentage  of  pictures  which 
can  be  used  is  phenomenal — running  at 
93%  for  Tiros  VI,  and  82%  for  Tiros 
V.  This  percentage  includes  all  pictures 
attempted,  including  blank  frames,  etc. 

The  current  Tiros  launch  schedule 
calls  for  one  launch  apiece  in  the  first 
two  quarters  of  1963.  However,  if  hopes 
succeed,  the  doubled-up  schedule  will 
begin  as  early  as  the  second  quarter. 

Tiros  dual  launches  would  be  planned 
to  cover  the  prime  times  of  concern  to 
the  Weather  Bureau,  such  as  the  hurri- cane season. 

Tiros  launchings  will  continue  until 
Nimbus  outdates  the  system.  This  will 
mean  some  overlap,  probably  through 
the  first  two  Nimbus  launches  at  the 

end  of  '63  and  beginning  of  '64. 
The  burden  of  dual  operation  will 

rest  on  the  ground  stations.  Additional 
equipment  and  double  shifts  will  be 
needed.  And  the  pressure  will  be  great, 
since  operational  information  will  be 
coming  out  of  both  satellites. 

Goddard  Space  Flight  Center  is 
Tiros  systems  manager  and  calibrates 
all  the  systems.  Radio  Corp.  of  America 
does  subsystems  integration  and  inte- 

gration of  the  IR  into  the  spacecraft,  and 
conducts  environmental  testing  under 
NASA  supervision.  The  radiometer  was 
bought  from  Barnes  Engineering  Co., 
and  electronics  work  was  provided  by 
Aero  Geo  Astro.  Raymond  Engineering 
provided  the  tape  recorder. 

Developers  of  the  spacecraft  say 
that  Tiros  will  never  have  changeover 
redundancy,  since  this  would  necessi- 

tate a  totally  new  development  program. 
•  Tireless  Tiros — All  six  Tiroses 

are  still  orbiting,  with  Tiros  I  the  only 
one  not  transmitting  at  all.  Tiros  II  has 
beacon  transmission  at  108.03  mega- 

cycles, Tiros  111  at  108.00  megacycles. 
Wallops  Island  station  recently  inter- 

rogated Tiros  IV,  and  found  that  it  was 
still  transmitting  TV,  although  with  a 
great  deal  of  distortion  and  degradation. 

Tiros  V  is  still  in  perfect  operation 
with  one  camera.  Tiros  VI,  launched 

early  in  case  Tiros  V's  camera  did  fail 
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during  the  crucial  hurricane  season,  is 
transmitting  photographs  from  both 
cameras  at  the  rate  of  600-700  pictures 
a  day.  Its  total  to  date  is  about  25,000, 
of  which  22,000  were  usable. 

•  Nimbus — Although  not  a  single 
Nimbus  spacecraft  has  been  launched, 
NASA  officials  are  continually  looking 
ahead  to  improved  spacecraft,  new 
experiments. 

There  is  doubt  that  the  Thor-Agena 
B  will  suffice  for  much  more  than  the 
first  two  or  three  R&D  satellite  launch- 
ings.  The  Ailas-Agena  B  may  be  called 
upon  for  the  task  of  lifting  the  later, 
heavier  Nimbuses. 

Among  the  innovations  being 
mentioned: 

—Radar. 
—Image  orthicon  camera  system 

(for  photographing  clouds  under  low 
levels  of  illumination). 

— IR  spectrometer. 
— On-board  analysis  techniques. 
—Ground  data  analysis  and  presen- 

tation systems  to  reduce  amount  of  re- 
dundant data  transmitted  by  the  satellite. 

—  More  comprehensive  (400-mi.) 
sensors  for  gross  measurements  of  the 
Earth-atmosphere  heat  balance  and 
auxiliary  measurements  important  to 
meteorology. 

—TV  vidicons. 
—Electrostatic  tape  camera  (being 

developed  by  RCA)  for  use  after  the 
fourth  Nimbus. 

Contracts  for  operation  of  ground 
systems  and  communications,  not  yet 
let,  will  be  phased  in  as  needed. 

The  Nimbus  satellite  was  specifically 
designed  with  a  modular  concept  so 
that  new  subsystems  could  be  added  as 
they  are  developed. 

A  top  Goddard  official  also  outlined 
for  M/R  some  of  the  parts  and  com- 

ponents that  NASA  wants  made  more 
reliable,  or  supplanted  by  new,  better 
systems — including  new  power  supplies, 

which  NASA  hopes  to  find  by  the  close 
of  the  decade.  Because  of  the  modular 
construction  of  the  spacecraft,  the  solar 
paddles  could  be  removed  and  a  power 
unit  could  be  placed  on  top  of  the  con- trols box. 

Other  items  the  official  named  were : 
control  systems,  horizon  scanners,  re- 

action wheels,  communication  systems, 
bearings,  lubricants  and  magnetic  tapes. 

The  first  two  Nimbus  spacecraft 
will  have  no  redundancy  of  sensors. 
These  will  be  used  to  test  out  the  engi- 

neering feasibility  of  the  system.  The 
third  Nimbus  will  have  system  redund- 

ancy, and  the  fourth  will  have  subsys- 
tem redundancy  or  "integrated"  re- dundancy. This  will  permit  switching 

of  parts  from  one  system  to  the  other. 
Goddard  is  continuing  its  philoso- 

phy of  careful  and  intimate  control  of 
development  of  components  and  their 
testing.  A  team  of  six  NASA  engineers 

will  be  in  residency  at  General  Electric's 
Valley  Forge  facility  for  the  entire  pe- 

riod of  the  spacecraft's  checkout  and testing. 

Nimbus  marks  one  of  the  greatest 
breakthroughs  in  spacecraft  develop- 

ment. The  procedures  devised  for  test- 
ing the  spacecraft's  stabilization  and controls  system  will  affect  testing  of  all 

major  spacecraft  to  follow. 
For  the  first  time,  engineers  will  be 

able  to  run  a  spacecraft  with  its  stabili- 
zation and  control  system  on  a  half- 

sphere  air  bearing  in  a  closed  loop.  The 
air  bearing  is  positioned  in  the  space- 

craft so  that  it  holds  it  up,  and  the 
stabilization  system  points  it  at  a  simu- 

lated Earth,  which  fills  120°  of  the 
satellite's  view.  In  addition,  vacuum 
and  temperature  can  be  simulated. 

Testing  has  just  begun  at  Valley 
Forge,  and  NASA  says  it  will  be  nine 
months  before  a  flight  spacecraft  results. 

Only  the  solar  paddles  cannot  be 
tested  under  1  g.  Since  the  paddles  are 
built  for  outer  space,  they  are  far  too 

flexible  to  withstand  proper  flight  tests 
under  Earth's  gravity. 

•  Nimbus  uses  —  As  outlined  in 
Congressional  testimony,  Nimbus  was 
designed  to  give  such  information  as: 

—Global  cloud  cover  pictures,  at 
least  once  in  darkness. 

—Winds  in  the  operational  environ- ment of  weapon  systems. 

—Height  of  clouds — bases  and  tops 
—Amount  and  extent  of  precipita- tion. 

—Atmospheric  information — verti- 
cal temperature,  moisture  and  density. 
—Index  of  refraction. 

—Height  of  tropopause  and  iono- 
spheric layers. 

—Surface  pressure. 
—Ground  cover  (e.g.  snow,  ice. 

vegetation). 

It  will  be  launched  in  polar  retro- 
grade orbit  and  will  be  Earth-oriented Orbit  will  be  about  105  minutes. 

The  early,  simplified  Nimbus  will 
weigh  about  600  lbs.  and  be  launched 
by  a  Thor-Agena  into  a  500-600-mi.-al- titude  orbit.  There  is  some  possibility 
that  later  Nimbuses,  weighing  about 
700  lbs.,  may  be  launched  into  higher 
orbits  of  about  750  miles.  This  higher 
altitude  would  be  desirable  since  NASA 
would  be  able  to  reduce  the  number  of 
readout  stations  from  three  to  two. 

About  four  R&D  satellites  will  be 
orbited  by  NASA  before  1965.  During 
this  time,  the  Weather  Bureau  will 
fund  five  additional  satellites  to  give 
maximum  operational  coverage.  They 
will  be  interleaved  with  NASA  models 
and  be  copies  of  successful  satellites. 

The  satellite  is  expected  to  be  fully 
operational  by  1967-68,  and  the  Weather 
Bureau  has  indicated  that  it  desires  two 
in  orbit  from  then  on,  probably  three 
launchings  a  year.  Lifetime  of  the  satel- 

lite is  expected  to  be  about  six  months.  8 

SHORT  lifetimes  of  typical  weather  systems  show  that  thunder- 
storms and  tornadoes  may  live  and  die  between  passes  by  Nimbus 

meteorological  satellites.  Aeros  synchronous  satellite  concept 
would  provide  continuous  viewing  of  all  spots  on  Earth's  surface. 
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SIMPLIFIED  diagram  shows  versatility  of  Nimbus  weather  space- 
craft. Modular  construction  makes  it  possible  to  add  or  subtract 

major  systems.  Operational  target  date  is  1967-68. 

missiles  and  rockets,  November  26,  1962 



TAILOR-MADE  MILITARY  COMPUTER  SYSTEMS. ..READY  NOW 

Bendix  can  supply  off-the-shelf  equipment  for  immediate  installation  of  real-time,  on-line  G-21  military  computer 
systems.  Matching  components,  field-tested  in  nationwide  G-20  installations,  are  ready  for  interconnection  with 
every  type  of  input/output  equipment.  Radar,  telemetry,  wire  or  radio  data  links,  visual  displays  and  plotters  — 
plus  the  full  line  of  Bendix  peripheral  units  — are  ready  now  for  custom-designed  command  and  control  computer 
systems.  •  The  versatile  communication  system  built  into  G-20  system  components  is  a  further  advantage  of 
Bendix  G-21  military  computer  systems.  Multiple  processors  can  be  used  to  ensure  constant  availability  for 
24-hour-a-day  operation.  In  a  typical  system  using  three  processors,  there  is  instantaneous  access  to  81,920 
words  of  magnetic-core  storage.  •  Because  Bendix  provides  computer  components  fitting  real-time,  on-line  needs 
without  fundamental  modification,  all  G-20  programs  are  usable-SPAR,  ALCOM,  COBOL,  EXECUTIVE,  FORTRAN 
and  others.  Complete  backup  support  and  documentation  are  ready.  •  For  details  about  Bendix  G-21  military 
computer  systems  — and  Bendix  capability  to  work  directly  with  your  systems  analysis  and  engineering  groups  — 
write  to:  Manager,  Military  Computer  Sales,  5630  Arbor  Vitae  Street,  Los  Angeles  45,  California. 

Bendix  Computer  Division 
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NASA/nuclear  propulsion 

Kiwi  Test  Key  to  Nuclear  Progress 

Hot  run  due  before  end  of  year  will  show  whether 

Nerva  can  fly  in  '67;  technology  being  transformed 

NERVA — calculated  gamble  nearing  mo- ment of  truth. 
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UPCOMING  TEST  of  Kiwi-B4 
holds  the  key  to  the  nuclear  propulsion 
program's  future  rate  of  progress.  Using 
a  core  configuration  nearly  identical  to 
that  of  the  flight-type  Nerva  engine, 
the  Kiwi-B4  ground-run  will  acquit  or 
shatter  the  decision-makers  who  have 
gone  ahead  with  Nerva  design  without 
demonstrations  of  its  soundness. 

The  Joint  AEC/NASA  Space  Nu- 
clear Propulsion  Office,  under  Man- 

ager Harold  B.  Finger,  is  carrying  out 
a  calculated  gamble  under  way  in  an 
effort  to  accelerate  the  nuclear  rocket 
program.  Selection  of  the  core  design 
for  Nerva  was  based  on  theoretical  evi- 

dence that  it  was  the  best  available. 
However,  actual  tests  of  the  design  are 
scheduled  for  the  Kiwi-B4  test,  now  ex- 

pected before  the  end  of  the  year. 
Victim  of  a  slowly  skidding  test 

date,  Kiwi-B4  was  slated  for  operation 
early  this  fall — then  slipped  into  early 
November,  late  November,  and  now  is 
scheduled  for  a  hot  run  before  the  end 
of  the  year. 

SNPO  Manager  Finger  told  Missiles 
and  Rockets:  "The  next  few  tests  are 
extremely  important  to  our  program, 
and  flight  in  1967  is  what  we're  shoot- 

ing for.  .  .  .  We  have  some  routine 
problems  with  the  test  series,  but  the 
reactor  has  been  at  the  test  cell  for 
several  weeks  and  is  being  checked  out." 

•  Leapfrogging — The  $500-million- 
plus  Rover  program  and  the  much  less 
intensive  nuclear-electric  rocket  pro- 

gram constitute  NASA's  major  effort  to 
leap  forward  beyond  the  energy  limi- 

tations imposed  by  chemical  combustion 
systems  for  space  propulsion. 

NASA's  operating  expenditures  for 
Rover  in  the  past  three  years  have  gone 
up  significantly  each  year,  and  the  ulti- 

mate cost  of  the  program  has  been  esti- 
mated at  well  over  one  billion  dollars. 

The  Fiscal  Year  1 961  figure  for  NASA's 
operating  expenses  was  $16.1  million, 
FY  '62  was  $26.4  million,  and  FY  '63 
is  estimated  at  $81.4  million.  These 
figures  include  neither  the  AEC  and 
Air  Force  participation  nor  the  con- 

struction costs  involved.  The  latter  cate- 

gory alone  has  cost  $136.5  million  for 
facilities  of  all  kinds. 

With  such  stakes,  SNPO  is  under- 
standably anxious  to  get  a  proof-of-the- 

pudding  test  successfully  carried  out  on 
Kiwi-B4  so  that  the  decision  to  go 
ahead  with  the  Nerva  design  will  be 
vindicated.  Confidence  at  SNPO  is 
high,  but  the  element  of  doubt  remains 
to  deter  overconfidence. 

Kiwi-B4  is  the  sixth  reactor  to  be 
built  for  SNPO  by  Los  Alamos  Scien- 

tific Laboratory,  an  organization  thriv- 
ing on  solutions  of  exotic  problems, 

and  two  other  reactors  have  been  fabri- 
cated and  are  awaiting  tests.  In  addi- 

tion, LASL  is  designing  two  new  types 
of  reactors  in  conjunction  with  the  in- 

dustrial Nerva  contractors,  Aerojet  - 
General  and  Westinghouse. 

•  Progression  —  The  Rover  pro- 
pram,  with  its  Kiwi  flightless  reactors 
acting  as  trailblazers  for  the  flight-type 
Nerva  (Nuclear  Engine  for  Rocket  Ve- 

hicle Applications),  has  now  essentially 
determined  the  basic  materials,  core 
design  and  other  elements  of  a  flight 
version,  despite  the  numerous  technical 
problems  which  remain  in  specific  areas. 

Next  month's  scheduled  test  of 
Kiwi-B4  is  largely  to  ascertain  the 
soundness  of  the  mechanical  structure 
supporting  the  core  against  all  the 
dynamic  forces  striving  to  tear  it  out  of 
the  reactor. 

Kiwi-BIB,  tested  in  late  August  and 
early  September,  was  a  flop,  but  this 
was  no  great  surprise  to  project  officials. 
After  developing  increased  thrust  fol- 

lowing successful  startup  on  liquid  hy- 
drogen— previously  an  unknown  haz- 

ard in  itself — the  reactor  suffered  some 
damage  and,  in  the  words  of  one  ob- 

server, "vomited  its  core  all  over  the 

site." 

A  recurrence  of  this  is  what  SNPO 
hopes  to  avoid  through  its  redesign 
of  the  core  support  structure.  Other 
changes  will  take  place  in  the  liquid 
hydrogen  feed  system,  and  perhaps  in 
instrumentation. 

•  Detractors — The  nuclear  rocket 
program,  managed  by  the  joint  AEC/ 
NASA  SNPO  setup,  is  basically  funded 
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for  reactor  development  through  AEC, 
and  for  non-nuclear  components  and 
overall  engine  integration  through 
NASA.  Little  change  is  expected  in  the 
program's  direction  or  management, 
despite  some  criticism  by  individual 
members  of  Congress. 

Some  complaints  have  been  voiced 
within  NASA  that  SNPO  is  seriously 
neglecting  nuclear-electric  propulsion  in 
favor  of  Rover,  in  spite  of  the  fact  that 
a  nuclear-electric  propulsion  system  is 
scheduled  for  flight  in  1966 — one  year 
before  the  Rover  flight  test. 

One  of  the  principal  complaints  is 
that  SNPO  ignores  the  many  near- 
Earth  missions  that  can  be  handled  by 
electric  propulsion  and  relegates  these 
engines  to  the  task  of  carrying  an  occa- 

sional scientific  package  to  a  remote 
planet  like  Jupiter. 

•  REFT — Notwithstanding  the  of- 
ficial earlier  flight  date  of  the  nuclear- 

electric  system,  the  reactor  in-flight  test 
(RIFT)  has  been  described  as  "the 
earliest  possible  use  of  nuclear  propul- 

sion in  space,"  apparently  because  the 
nuclear  portion  of  the  system  merely 
provides  electricity  for  an  electric 
engine. 

The  RIFT  vehicle,  which  uses  the 
Nerva  engine,  is  slated  for  four  flights 
(one  cold  flow  and  three  hot  runs)  and 
would  double  the  payload  of  the  Saturn 
missiles  and  rockets,  November  26,  1962 

C-5  if  used  as  a  third  stage  in  place  of 
the  chemical  third  stage. 

RIFT,  under  development  for  NASA 
by  Lockheed,  will  stand  100  ft.  high, 
be  33  ft.  in  diameter,  and  weigh  150,000 
lbs.  all  by  itself.  It  will  go  into  space 
from  Pad  39  at  Atlantic  Missile  Range 
and  is  the  only  firmly  planned  nuclear 
stage  in  the  works.  Others — intended 
for  use  on  Advanced  Saturn  and  Nova 
— are  under  study,  however,  and  may 
use  the  advanced  reactor  concepts  now 
taking  shape. 

These  include  gaseous-core,  fluid- 
bed,  dust-bed,  and  other  concepts,  as 
well  as  solid-core  reactors  weighing  as 
little  as  200  lbs.  The  latter,  part  of 
SNPO's  Phoebus  program  for  the  de- 

velopment of  future  reactor  types  (M/R, 
March  19,  p.  16),  is  an  LASL  design 
enabling  the  user  to  get  either  small 
reactor  size  and  weight,  or,  by  increas- 

ing the  size,  to  get  higher  power  densi- 
ties and  exit  gas  temperatures.  Finger 

feels  the  high  temperature  aspect  is 
more  important  than  the  potential  for 
light  weight. 

The  overall  contract  for  the  RIFT 
stage,  materials  for  which  will  be  tested 
at  Lockheed's  Dawsonville,  Ga.,  radia- 

tion facility,  covers  a  six-year  program 
involving  ten  stages.  Five  of  these  will 
go  to  NRDS  for  ground  tests,  beginning 

late  in  1964.  One  will  go  to  Marshall 

Space  Flight  Center  for  "shake,  rattle 
and  roll"  non-firing  dynamic  tests.  The 
remaining  four  will  go  to  Cape  Ca- 

naveral for  launching  aboard  Saturn 
boosters. 

Materials  used  in  the  tankage  of  the 
first  unit  will  be  stainless  steel  and, 
because  stainless  steel  is  highly  activated 
by  neutron  bombardment  and  its  active 
isotope  has  a  long  half-life,  it  is  pre- 

sumed this  will  be  the  non-firing  vehicle 
sent  to  MSFC  for  dynamic  tests.  Mate- 

rials for  the  later  stages  have  not  been 
revealed,  and  these  may  still  be  under 
study  for  radiation  effects. 

Radiation  may  pose  a  severe  prob- 
lem for  RIFT  because  at  cryogenic 

temperatures  the  affected  material  can- 
not self-anneal.  Existing  data  on  this 

problem  are  sparse,  as  is  the  case  gen- 
erally with  radiation  effects,  but  partic- 
ularly at  cryogenics  temperatures. 

Damage  to  specific  components 
must  also  be  studied,  with  emphasis  on 
stressed  materials  such  as  those  in  tur- 

bines and  pumps,  as  well  as  guidance 
and  control  equipment.  Further,  the 
effect  of  radiation  in  increasing  the  tem- 

perature of  the  liquid  hydrogen  propel- 
lant  is  also  an  unknown. 

Aerojet,  Westinghouse,  Lockheed 
and  other  contractors,  as  well  as  AEC/ 143 
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DIAGRAM  of  typical  nuclear  rocket  engine  design  showing  chief  components. 

NASA,  have  continuing  programs  on 
materials,  cryogenics,  high-speed  rotat- 

ing machinery  and  radiation  effects  on 
every  conceivable  type  of  material  un- 

der consideration. 
•  Transformations  —  Profound 

changes  in  U.S.  propulsion  technology 
expected  to  accompany  the  first  nuclear 
rocket  flight  in  1967  are  already  being 
felt  in  the  fields  of  materials,  facilities 
for  nuclear  vehicles,  cryogenic  fluids, 
high-speed  high-temperature  pumps  and 
valves,  heat  transfer,  exotic  fabrication 
techniques  and  numerous  associated 
fields  through  the  effort  in  nuclear 

propulsion. 
SNPO  and  LASL,  and  their  contrac- 

tors, may  also  revolutionize  quite  a  few 
basic  technical  fields  outside  the  propul- 

sion area.  The  non-nuclear  components 
of  the  program,  being  handled  by 
NASA,  would  be  applicable  to  virtually 
all  hardware  programs  requiring  severe 
tolerances,  high  reliability  and  exotic 
fabrication  techniques. 

Safety  tests  scheduled  for  the  nu- 
clear rocket  program  include  two  by 

LASL  and  NRDS,  in  which  one  reactor 
will  be  put  through  an  excursion  run 
and  another  will  undergo  simulated 
water  entry.  The  first  involves  running 
the  reactor  to  death  to  determine  pre- 

dictable levels  of  power  pulses  which 
might  come  as  a  result  of  malfunction. 
The  water  entry  test  will  consist  of  in- 

jecting a  column  of  water  into  the  open 
end  of  a  Kiwi  reactor  at  approximately 
the  velocity  calculated  for  an  offshore 
launching  abort  in  which  the  vehicle 
would  land  in  the  ocean. 

•  Enter  Phoebus — The  safety  tests 
will  take  place  next  year,  as  will  the 
transition  from  reactor  development  to 
engine  development. 

Complete  transition  from  the  Nerva 
series  of  reactors  to  the  advanced 
Phoebus  reactors  is  expected  to  be  com- 

plete by  early  1964.  First  Phoebus  re- 
actor will  closely  resemble  the  Kiwi-B 

type,  and  specific  design  work  has 
started  on  the  follow-up  version,  Phoe- 

bus II,  which  will  require  a  new  test 
cell  at  NRDS. 

Construction  of  facilities  for  tests 
of  all  nuclear  rocket  systems  is  now 
under  the  direction  of  PERT  programs 
at  the  NRDS  in  Nevada,  and  the  major 
difficulties  which  were  previously  ex- 

perienced with  this  phase  of  the  pro- 
gram are  expected  to  be  greatly  dimin- 
ished (see  Construction  article,  p.  154). 

•  Standing  firm  —  Management  of 
the  program  has  come  in  for  some 
criticism,  and  a  mild  difference  of  opin- 

ion has  also  marked  the  relationship 
of  SNPO  and  LASL. 

During  hearings  before  the  Joint 
Committee  on  Atomic  Energy  held  in 
September,  Rep.  Craig  Hosmer  (R- 
Calif.)  pressured  Finger  regarding  the 
"excessive"  duties  he  has  as  manager 
of  a  joint  office  handling  several  large 

programs. Finger,  who  denies  he  is  overloaded, 
said  he  is  also  unaware  of  any  decisions 
on  the  program  which  were  delayed  be- cause of  his  absences  from  his  office. 

"I've  never  really  been  'unavail- 
able,' "  Finger  told  M/R.  "Even  last 

summer,  when  I  took  my  family  camp- 
ing on  an  island  in  Lake  George,  a 

ranger  came  out  in  a  boat  to  get  me  on 
the  second  day  to  answer  a  telephone 

call." 

Despite  the  criticisms  by  Hosmer, 
no  changes  in  the  organizational  setup 
of  SNPO  are  anticipated. 

A  difference  of  opinion  between 

Finger  and  Los  Alamos  over  LASL's approach  to  managing  its  portion  of 
the  Rover  program  has  come  to  a  vir- 

tual impasse.  Suggesting  to  LASL  thai 
they  set  up  a  single  project  office  to 
handle  the  program  instead  of  the  cur- 

rent multi-division  approach,  Finger 
was  greeted  with  refusal  on  grounds 
that  the  existing  organization  gives 
much  better  opportunity  to  bring  the 
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SYSTEMS 

A  new  amphibious  vehicle,  that  can  "fly"  over 
water  on  hydrofoils  and  move  inland  on  retract- 

able wheels,  is  designed  to  transport  troops  and 
equipment  from  ship  to  shore  at  better  than  35 
knots.  While  flying  at  full  speed  the  foils  and 

propeller  can  be  retracted,  and  while  still  under- 
way, the  four  powered  wheels  can  be  lowered  to 

take  the  vehicle  over  beaches  and  cross  country 
terrain  and  on  roads  at  speeds  over  40  mph. 

Designated  the  LVHX2,  the  swift  vehicle  is 

now  being  developed  for  the  U.S.  Marine  Corps 

by  FMC's  Ordnance  Division  under  a  U.S.  Navy, 
Bureau  of  Ships  contract.  The  LVHX2  is  repre- 

sentative of  FMC's  capabilities  in  the  develop- 
ment of  advanced  military  equipment.  As  one  of 

the  country's  most  versatile  producers  of  defense 
materiel,  FMC  is  uniquely  qualified  to  assist  you 
in  your  programs. 

Write  Preliminary  Design 
Engineering  Dept.,  FMC 
Ordnance  Division,  P.  O. 
Box  367,  San  Jose,  Calif. 
Phone:  CYpress  4-8124. 

i WW 
FMC  CORPORATION 

ORDNANCE  DIVISION 

"®        San  Jose,  California  •  Charleston,  West  Virginia 
PUTTING    IDEAS    TO    WORK   FOR   NATIONAL  DEFENSE 
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most  capable  brains  to  bear  on  partic- 
ular problems. 
Los  Alamos,  which  is  operated 

along  division  lines  of  technical  special- 
ties, feels  it  can  better  handle  the  job 

as  it  has  handled  weapons  development 
and  other  assignments.  Finger  however, 
says  LASL's  Director,  Dr.  Norris  Brad- 

bury, misinterprets  his  definition  of  a 
"project  office."  According  to  Finger: 

"A  project  office  has  no  in-house 
work  of  its  own — it  is  a  management 
body,  not  a  research  group.  LASL's  N 
Division  comes  about  as  close  to  any- 

thing to  being  a  project  office,  although 
J  Division  does  field  test  work,  T  Divi- 

sion does  theoretical  work,  and  so  on. 

They've  got  six  divisions  working  on 
Rover  and  only  a  steering  committee 
for  official  coordination. 

"We  can  work  under  the  present 
setup,  but  it's  a  big  program.  .  .  .  We  no 
longer  pace  ourselves  with  organiza- 

tional problems  because  technical  prob- 
lems pace  us.  The  organizational  prob- 
lems, however,  complicate  the  execution 

of  solutions.  Dr.  Bradbury  is  reluctant 
to  set  up  a  project  office  because  he 
feels  it  would  require  setting  up  separate 
facilities  and  other  major  changes. 

"What  I  have  in  mind,  however,  is 
just  a  little  firmer  coordination  in  the 
management  aspects,  not  a  major  up- 

heaval of  the  laboratory.  For  example, 
both  N  and  J  divisions,  until  recently, 
have  had  PERT  programs  under  way 
on  Rover.  These  are  now  in  the  process 

of  being  merged." Aside  from  these  differences  between 
the  two  principal  organizations  of  the 
program,  however,  there  is  considerable 
cooperation.  Dr.  Bradbury  told  the 
Joint  Committe  that  LASL  had  been 

"overly  optimistic"  in  stating  schedules 
for  completion  of  certain  key  activities 
and  that  this  has  been  a  source  of 
slippage. 

"It  appears  that  too  much  reliance 
was  placed  (by  LASL)  on  a  quick, 
painless  adaptation  of  existing  chemical 
propulsion  technology  to  nuclear  pro- 

pulsion. This  reliance  has  not  been  jus- 
tified in  nozzles,  propellant  feed  systems 

or  controls.  The  new  requirements  of 
nuclear  propulsion  appear  to  require 
new,  expensive  and  time-consuming  de- 

velopment of  hardware." Bradbury  told  the  committee  the 
program  has  had  trouble  with  high- 
pressure  plumbing,  remotely  operated 
valves,  gas  line  filters  and  hydraulic 
control  systems.  He  said  radiation  en- 

vironments have  had  some  bearing  on 
the  troubles. 

•  Pressing  R&D — Relative  to  these 
troubles,  SNPO  plans  to  invest  in  ad- 

vanced research  to  the  tune  of  some  $15 
million  this  year. 

Requested  in  the  budget  for  Fiscal 
1963  was  $780,000  for  research  on 
hydrogen  properties;  $1.94  million  for 

radiation  effects;  $1.27  million  for  dy- 
namics and  control;  $2.47  million  for 

engine  systems  and  components;  and 
$1.56  million  for  advanced  concepts 
research.  This  research  activity  on 
Rover  and  follow-on  programs  is  sep- 

arate from  the  research  being  carried 
out  as  part  of  the  nuclear-electric 

program. In  power  generation  systems,  the 
key  to  the  nuclear  electric  concept, 
NASA  plans  to  spend  on  research:  $1.8 
million  for  mechanical  component  re- 

search; $1.5  million  for  direct  power 
conversion;  $1.7  million  on  liquid 
metal  research;  $1.2  million  tor  waste 
heat  rejection;  and  $958,000  for  ad- vanced concepts  studies. 

The  nuclear  electric  propulsion  pro- 
gram, keyed  to  the  SNAPS  power  unit, 

is  due  for  first  flight  test  in  1966.  The 
30-kwc  power  system  is  a  scale-up  of 
the  SNAP-2  system  by  a  factor  of  ten. 

•  Ultimate  SNAP — SNAP  8,  an 
extension  of  zirconium  hydride  reactor 
technology,  is  the  limit  to  which  it  is 
felt  this  type  of  reactor  can  be  pushed. 
The  SNAPS  experimental  reactor  was 
assembled  and  went  critical  in  Septem- 

ber, and  is  expected  to  be  ground- 
tested,  complete  with  the  NASA  con- 

version equipment,  late  in  1964. 
Aerojet  is  developing  the  power 

conversion  subsystem  for  SNAPS  and 
integrating  the  overall  electrical  generat- 

ing system.  Reactor  development  is  by 
Atomics  International. 

Missions  for  such  a  nuclear-electric 

propulsion  system  include  spiral  tra- 
jectories outward  from  near-Earth  in 

order  to  take  prolonged  and  consistent 
scientific  measurements  of  the  environ- 

ment between  Earth  and  Moon.  Spo- 
radic and  inconsistent  measurements 

result  from  periodic  probes  or  satellites 
in  fixed  orbits,  and  a  spiralling  vehicle 

would  improve  the  cislunar  environ- 
ment picture  considerably.  Other  ap- 

propriate uses  would  be  station-keeping 
for  long-life  satellites,  and  logistic  sup- 

ply vehicles  for  lunar  bases  and  research stations. 
One  advocate  of  the  nuclear  electric 

system  dismissed  the  Jupiter-probe  mis- sion as  a  fraction  of  the  useful  work  a 
nuclear-electric  rocket  could  perform. 

"Why  not  put  huge  loads  of  un- 
manned equipment  into  orbit  for  trans- 

fer to  the  Moon?"  he  asked.  "As  long 
as  there  is  no  immediate  requirement 
for  the  material,  it  doesn't  require  a 
high-speed  trajectory,  and  is  much 
cheaper  than  the  huge  boosters  every- 

one is  advocating.  A  slow,  reliable,  in- 
expensive nuclear-electric  system  used 

as  a  freighter  can  move  tons  of  equip- 
ment while  manned  vehicles  are  free 

to  get  there  in  a  hurry.  After  all,  nu- 
clear power  is  the  key  to  space  flight 

no  matter  what  kind  of  rocket  it 

powers." 
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NASA/spacecraft  propulsion 

Wide-Ranging 

Research  Attack 

Led  by  Lewis 

HAMPERED  by  low  budgets  and  a 
slow-moving  powerplant  technology, 
NASA  electric  propulsion  experts  are 
nevertheless  actively  pursuing  a  wide 
range  of  ingenious  approaches  to  the 
spacecraft  propulsion  problem. 

Some  of  these  new  avenues: 
—Development  of  permanent  mag- 

nets for  ion  engines. 
—Clustering  concepts  to  increase 

thrust. 

—  Low-temperature  magnetohydro- 
dynamic  generators  through  the  "Kerr- 
brock  Effect." 

—Colloid  and  heavy  particle  con- 
cepts. 

—  A  new  approach  to  space  electri- 
cal power  generation  involving  the  di- 
rect conversion  of  nuclear  energy  to 

electricity. 
Electrical  thrust  devices  have  devel- 

oped relatively  rapidly  in  the  three  clas- 
sical categories — electrothermal,  electro- 

static and  electromagnetic — but  the  re- 
quired nuclear  power  sources  have  not 

kept  pace. 
NASA  and  industry  have  been  work- 
ing on  nuclear  devices  for  the  genera- 
tion of  power,  but  the  materials  prob- 

lem— in  light  of  the  high  operating  tem- 
peratures required — is  immense.  To  this 

can  be  added  the  difficult  weight,  relia- 
bility and  life  requirements  character- 

istic of  space  applications. 
•  Power  through  decay — In  a  di- 
rect nuclear  electrogenerator,  the  kinetic 

energy  of  charged  particles  emitted 
from  a  radioisotope  by  natural  nuclear 
decay  is  used  to  produce  a  high-voltage 
current.  This  d-c  power  can  then  be 
used  to  accelerate  charged  propellant 
particles  in  an  electrostatic  rocket  en- 

gine to  provide  thrust. 
148 

KAUFMAN  permanent  magnet  engine. 

This  eliminates  the  two-step  ap- 
proach to  power  in  the  nuclear-reactor 

turboelectric,  thermoelectric  and  thermi- 
onic systems — where  the  nuclear  energy 

is  first  converted  to  heat  and  then  into 
electricity.  The  obvious  disadvantages 
include  weight,  heat  transfer  complexes 
and  poor  efficiency  in  the  thermody- 

namic cycle. 
William  R.  Mickelson,  chief  of  the 

Electrostatic  Propulsion  Components 
Section  at  the  Lewis  Research  Center, 
says  all  nuclear  disintegrations  or  reac- 

tions which  are  exothermic  and  appro- 
priate as  power  sources  impart  their 

energy  to  the  reaction  products  as  ki- 
netic energy  or  as  electromagnetic  radi- 
ation. Absorption  of  this  energy  in  mat- 

ter converts  it  to  heat. 
But,  Mickelson  continues,  if  the  af- 

fected particles  are  electrically  charged, 
work  can  be  done  by  these  particles  in 
a  properly  oriented  electric  field. 

An  example  of  the  general  mode  of 
operation  would  be  a  collector  and  an 
emitter  positioned  a  given  distance  from 
each  other.  In  this  case  the  charged 
particles  are  emitted  by  a  decaying  ra- 

dioisotope. Such  particles  are  given  off 
at  the  decay  sites  in  various  directions, 
but  Mickelson  says  statistics  for  the 
process  predict  equal  numbers  in  all 
directions  when  averaged  over  sufficient 
events.  If  there  is  a  potential  difference 
between  the  emitting  surface  and  a  col- 

lector, so  that  the  resultant  electric  field 
might  retard  the  motion  of  the  charged 
particles  toward  the  collector,  then  each 
charge  reaching  the  collector  has  done 
work  on  the  field. 

If  there  is  no  external  circuit  be- 
tween the  emitter  and  collector,  the  col- 
lector receives  one  unit  of  charge  while 

the  emitter  acquires  an  equal  charge  of 
opposite  sign — the  potential  difference 
and  energy  of  the  field  would  increase 
until  the  retarding  field  became  great 
enough  to  prevent  charged  particles 
from  reaching  the  collector.  In  this  man- 

ner a  cell  or  voltage-generating  device is  formed. 
In  actual  use,  says  Mickelson,  an 

external  load  would  be  connected  be- 
tween the  collector  and  emitter  to  com- 

plete the  circuit.  The  operating  voltage 
or  potential  difference  would  be  ad- 

justed at  some  value  below  the  maxi- 
mum where  the  number  of  charges 

reaching  the  collector  equals  the  charge 
flow  in  the  external  circuit. 

When  this  steady-state  condition  is 
achieved,  the  rate  at  which  the  nuclear- 
particle  kinetic  energy  is  converted  into 
electric  field  energy  is  equal  to  the  rate 
of  electrical  energy  consumption  in  the 
external  circuit. 

•  Not  for  nothing — This  does  not 
mean  that  all  the  nuclear  energy  is  con- 

verted to  electricity.  The  random  direc- 
tion of  emission  causes  some  particles 

to  have  an  insufficient  velocity  compo- 
nent oriented  parallel  to  the  field;  these 

do  not  reach  the  collector. 
In  addition,  particles  lose  energy 

on  passage  through  matter,  and  the 
fuel  layer  cannot  be  infinitesimally  thin 
and  still  produce  power.  Thus  those  par- 

ticles emitted  below  the  fuel-layer  sur- 
face lose  energy  while  passing  through 

the  radioisotope  itself. 

Again,  any  excess  energy  in  the  par- 
ticle on  reaching  the  collector  is  dissi- 

pated at  penetration  in  the  form  of 
heat.  In  all  cases  where  energy  is  lost 
in  the  emitter  or  the  collector,  it  is 
transformed  into  heat.  This  lowers  ef- 
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ficiency  and  poses  a  heat  disposal  prob- 
lem. 

Mickelson  justifies  the  choice  of  a 
radiosotope  as  the  emitter  on  the 
grounds  of  weight-per-unit  power.  Any 
nuclear  reaction  producing  charged  par- 

ticles could  theoretically  serve  as  a  fuel 
source.  The  fission  process  gives  off  the 
most  energy  per  event — it  looks  attrac- 

tive until  the  high  energy  loss  in  mate- 
rials for  fission  fragments  is  considered. 

The  fuel  layer  must  be  of  the  order 
of  micrograms/ cm2 — requiring  an  im- 

mense area.  In  addition,  the  process  is 
not  self-sustaining  and  needs  a  neutron 
source,  which  demands  a  critical  reac- 

tor design. 
A  radiosotope  source  prepared  on 

the  ground  before  the  mission  appears 
to  be  the  only  fuel  source  that  is  com- 

petitive on  a  weight/ unit  power  basis — 
especially  against  a  conventional  nu- 

clear reactor  employing  a  thermal  cycle 
system. 

The  natural  or  artificial  radiosotopes 
emitting  beta  and  alpha  particles  are 
suitable  as  the  fuel  in  a  direct  nuclear 
electrogenerator  system,  Mickelson  says. 
Charged  particles  emitted  from  these 
radioisotopes  have  energies  in  the  100- 
kev-to-5-mev  range,  so  the  cell  will  pro- 

duce a  relatively  high  direct-current 
voltage. 

Design  studies  of  several  conceptual 
spacecraft  have  been  made  by  Lewis  ex- 

perts, mating  the  direct  nuclear  electro- 
generator  with  specific  electrostatic  en- 

gines— primarily  colloid  devices. 
One  such  concept  involves  a  spheri- 
cal configuration  with  an  alpha-emitting 

radiosotope  film  on  the  surface  of  the 
inner  sphere.  The  outer  sphere  acts  as 
the  collector. 

The  collector  is  floated  at  space  elec- 
tric potential,  and  the  inner  sphere  then 

carries  a  negative  charge.  An  electro- 
generator  of  500-kilowatt  capability  was 
chosen  to  evaluate  the  concept.  The  ra- 

diosotope involved  is  polonium  210,  al- 
though Mickelson  says  cerium  144 

would  probably  serve  just  as  well. 
The  collector  is  about  135  ft.  in 

diameter  and  the  inner  emitter  diam- 
eter is  about  45  ft.  The  radiosotope 

total  mass  required  is  about  30  lbs. 
Detailed  design  studies  show  a  total 
system  weight  for  both  the  generator 
section  and  the  propulsion  system  of 
about  265  lbs.- — or  a  specific  power- 
plant  weight  of  about  0.5  lb.  per 
kilowatt! 

Studies  have  shown  that  the  size  of 
the  system  can  easily  be  scaled  down- 

ward to  power  levels  of  the  order  of 
30  kw  without  any  increase  in  specific 
system  weight.  This  makes  the  system 
of  considerable  interest  for  interplane- 

tary space  probes. 

SPHERICAL  CONCEPT  of  a  spacecraft 
using  the  direct  nuclear  system. 

The  use  of  cerium  instead  of  po- 
lonium would  require  radiation  shield- 

ing of  the  payload  package — represent- 
ing an  additional  weight  of  1200  lbs. 

for  a  typical  configuration.  Even  this 
results  in  a  specific  system  weight  of 
3  Ibs./kw — an  order-of -magnitude  re- 

duction over  current  systems  which,  it 
is  hoped,  may  reach  10  lbs./kw. 

Basic  and  applied  problems  abound 
in  the  direct  nuclear  approach.  There 
are  physics  problems:  whether  particles 
will  knock  electrons  out  of  the  support 
foil,  the  sputtering  of  the  collector  and 
emitter  support  materials,  and  high 
voltage  breakdown  between  the  collec- 

tor and  the  emitter.  Engineering  head- 
aches include  packaging  of  the  isotope 

during  launch  and  the  dissipation  of  the 
high  heat  output.  Merely  obtaining 
large  quantities  of  radiosotopes  other 
than  cerium  may  be  difficult. 

Still  other  problems  include  insuring 
that  the  package  will  remain  intact  if 
the  mission  is  aborted,  producing  light- 

weight insulators  with  small  leakage, 
and  developing  methods  for  depositing 
and  attaching  isotopes  in  thin  films  to 
the  emitter  surface. 

Studies  are  in  progress  on  some  of 
these,  and  several  small  experiments  in 
basic  physics  are  under  way.  Mickelson 
feels  that  the  direct  nuclear  system 
promises  to  be  a  very-high-performance 
propulsion  system.  Theoretical  perform- 

ance in  Mars  and  Saturn  orbiter  mis- 
sions worked  out  to  be  as  low  as  35  and 

190  days,  respectively. 
•  Push  in  magnetics — Another  ma- 
jor spacecraft  propulsion  concept  in- 

volves the  nuclear  fusion  engine,  and 
considerable  effort  is  being  expended 
on  fusion  power.  Nuclear  engines  more 
or  less  compete  with  electrical  propul- 

sion systems,  although  practical  eco- 
nomics will  dictate  mission  regimes  best 

handled  by  one  or  the  other. 
In  the  development  of  fusion  power 

for  flight  vehicles,  one  of  the  two  main 

COLLECTOR 
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problems  is  containment.  The  other,  of 
course,  is  heating  plasma  to  thermonu- 

clear temperatures.  The  approach  to 
containment  is  through  strong  mag- 

netic fields,  and  the  application  of  these 
to  magnetohydrodynamic  power  gen- 

eration is  well  known.  There  are  also 

magnetic  nozzles  and  shielding  of  space- 
craft from  high-energy  charged  particles. 

MHD  power  generation  avoids  some 
of  the  problems  associated  with  rotat- 

ing power  equipment  at  extremely  high 
temperatures.  But  it  appears  feasible 
only  if  the  required  magnetic  fields  can 
be  generated  through  super-conductors. 

The  achievement  of  steady-state  op- 
eration in  intense  magnetic  fields  over 

reasonably  large  volumes  is  a  consider- able achievement  in  itself,  according  to 
Edmund  E.  Callaghan,  assistant  chief 
of  electromagnetic  propulsion  at  Lewis. 
Space  applications  also  demand  light 
weight  and  low  power  consumption, 
further  confounding  the  problem. 

•  Ion  flight  close — In  electrostatic 
propulsion  research,  the  electron-bom- bardment engine  invented  and  developed 
by  Harold  R.  Kaufman  at  Lewis  is 
undergoing  vacuum  chamber  tests  and 
will  be  launched  in  the  near  future  as 
part  of  the  SERT  package.  A  Hughes 
Aircraft  prototype  will  accompany  it. 

One  development  in  the  Kaufman- 
type  engine  is  the  evolution  of  a  per- 

manent magnet  in  place  of  the  field 
coil.  The  magnets  are  in  contact  with 
sheets  of  ferromagnetic  material  at  the 
front  and  in  back  of  the  engine,  induc- 

ing the  requisite  weak  field  throughout 
the  ionization  chamber. 

Not  only  does  this  procedure  elimi- 
nate the  power  requirement  of  the  field 

coil;  it  also  simplifies  and  lightens  the 
power-conditioning  equipment  by  re- 

ducing by  one  the  number  of  separate 
power  supplies.  The  weight  of  this  en- 

gine corresponds  closely  to  the  weight 
of  the  field  coil  model. 
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SCHEMA  TIC  operation  of  the  direct  nuclear  electrogenerator. 

Another  electrostatic  engine  con- 
cept is  the  contact  ion  type  using  cesium 

as  the  propellant  with  a  hot  ion  emitter. 
The  potentialities  of  this  engine  and 
those  of  the  Kaufman  variety  have 
been  well  demonstrated,  but  work  is 
required  on  both  to  improve  factors  of 
thrust-to-weight  ratios,  efficiencies  and durability. 

A  third  category  of  electrostatic  en- 
gine, offering  distinct  promise  for  high 

efficiency  in  the  low-specific-impulse 
region,  is  the  oft-mentioned  colloid 
rocket.  Although  its  development  is  in 
extremely  early  stages.  Warren  D. 
Rayle,  chief  of  the  Advanced  Concepts 
Branch  at  Lewis  says  the  device  may 
perform  as  well  in  its  own  region  as 
the  electron-bombardment  engine  does 
at  high  specific  impulse. 

The  colloid  engine  uses  particles  of 
I  00,000  atomic  mass  units  or  more,  and 
difficulties  have  been  found  in  produc- 

ing, charging  and  accelerating  such  tiny 
particles.  One  frequent  problem  is  the 
production  of  atomic  or  molecular  ions, 
which  consume  much  more  power  than 
their  thrust  is  worth  at  the  high  accel- 

erating voltages. 
Besides  the  potential  of  high  effi- 

ciency at  low  specific  impulse,  the  col- 
loid engine  is  promising  because  of 

possible  application  with  power-plants 
capable  of  supplying  megavolts  directly 
such  as  the  nuclear  electrogenerator 
covered  earlier  in  this  article. 

Besides  straight-line  extrapolations 
in  engine  development,  NASA  experts 
point  to  the  relative  lack  of  effort  in  the 
interface  area  between  powerplant  and 
engine — the  power-conditioning  equip- 

ment. These  components  will  be  subject 
to  stringent  requirements  in  weight  and reliability. 

In  addition,  says  Rayle,  system  op- 
timization may  demand  that  the  charac- 

teristics of  the  thrustor  be  compromised 
in  the  interest  of  compatibility  with 
other  components. 

Another  area  covers  the  clustering 
of  electron-bombardment  engines.  With 
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this  attempt  at  multiplicity  come  system 
problems  in  the  power  supply.  For  in- 

stance, if  all  propulsion  modules  are 
connected  in  parallel  to  a  minimum 
number  of  power  supplies,  separate 
high-voltage  circuit  breakers  are  re- 

quired for  each  module — and  no  reli- 
able flight-weight  breakers  exist.  There 

are  also  the  magnetic  field  considera- 
tions about  each  module,  which  govern 

the  distance  between  each  engine  in 
clusters.  Research  on  the  basic  engine 
should  be  almost  completed  during  the 
coming  year,  with  a  shift  in  activity  to 
clustering  concepts. 

•  Plasma  problems  —  While  many 
avenues  are  under  investigation  in  elec- 

tromagnetic propulsion,  no  device  has 
yet  demonstrated  the  performance  re- 

quired for  actual  propulsion  mission, 
says  George  R.  Seikel,  chief  of  the 
Lewis  Plasma  Flow  Section.  But  he 
adds  that  no  fundamental  obstacles  have 
been  discovered  that  would  prevent  the 
eventual  achievement  of  this  aim. 

The  major  problem  in  plasma  en- 
gine development  can  be  laid  to  a  lack 

of  fundamental  knowledge  in  plasma 
physics  and  an  equal  lack  of  sufficient 
plasma  diagnostic  techniques  to  ade- 

quately evaluate  the  experiments  being 

performed. Potential  high  efficiency  in  the  1000- 
to-5000-sec.  Isp  range  is  due  to  the 
possibility  of  efficient  utilization  of  the 
plasma's  ions — since  in  such  devices 
the  ionization  and  acceleration  processes 
can  be  integral,  the  ions  being  accel- 

erated as  produced. 
A  program  under  way  at  Lewis, 

under  Lester  Nichols,  is  investigating 

the  feasibility  of  applying  the  "Kerre- 
brock  Effect"  to  MHD  powerplant 
schemes.  The  effect,  so  called  because 
of  the  work  on  the  phenomenon  per- 

formed by  Dr.  J.  Kerrebrock  at  the 
California  Institute  of  Technology,  is 

being  actively  pursued  by  General  Elec- 
tric and  others  in  MHD  power  genera- tion. 
Basically,  the  procedure  makes  use 
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SOFTWARE 

The  hardware  for  space  travel  is  com- 
ing along  nicely.  The  software  for 

space  travel  is  people,  about  whom  a 
great  many  issues  are  clear  and  some 
are  not.  Clear:  a  man  can  survive  a 
few  hours  out  there.  (Nikolayev,  96 
hours,  no  known  after-effects.)  To  be 
determined:  can  a  man  survive  in 
space  for  weeks,  or  months?  (On  a 
round-trip  to  the  moon,  for  example. 
Or  in  an  orbiting  space  station.) 

The  most  versatile  and  valuable 
component  of  any  space  system  is 
man.  His  welfare  out  there  is  going  to 
depend  (in  part)  on  the  environment 
inside  his  vehicle.  And  the  composi- 

tion and  pressure  of  that  environment 
will  depend  on  engineering  require- 

ments: weight,  power,  reliability. 
Suppose  a  pure  oxygen,  low-pressure 
environment  were  selected.  How 
would  our  Astronauts  function  during 
a  two-week  mission? 
NASA  needs  to  know.  They  as- 

signed us  to  find  out.  We're  doing  it 
right  now. 

The  theory  is  simple  enough.  The 
procedure  is  not.  It  starts  with  our 
Environmental  Test  Chamber,  a  steel 

cylinder  30'  x  18'  in  which  we  can 

REPUBLIC  AVIATION  CORPORATION, 

produce  various  combinations  of  tem- 
perature, pressure,  humidity,  vibra- 

tion and  atmospheric  composition. 
Inside,  in  groups  of  6,  go  healthy 
young  men  to  breathe  pure  oxygen 
for  two  weeks.  For  each  group  the 
pressure  is  changed.  Pure  oxygen  at 
5  psi  for  the  first  group,  7.4  psi  for 

the  second  and  3.8  psi  for  the  third. 
A  fourth  group,  breathing  air  at  14.7 
psi,  serves  as  control. 

RMIN6DALE,  LONG  ISLAND,  NEW  YORK 

Outside  the  chamber  are  specialists 
in  aerospace  medicine,  physiology, 

psychology,  microbiology,  biochemis- 
try and  environmental  testing.  Dur- 
ing each  two-week  period  this  team 

performs  683  specific  tests  on  each 
man  (mental,  sensory,  motor,  pulmo- 

nary, hematological  and  microbiolog- 
ical.) The  group  is  assisted  by  instru- 
ments (polygraphs,  oscillographs  and 

the  like)  that  automatically  monitor 

and  record  each  subject's  reactions. 
Probably  the  most  significant  oxy- 

gen pressure  in  the  test  program  is  5 

psi.  That's  the  environment  currently 
used  for  Project  Mercury.  It  is  also 
under  consideration  for  Project  Gem- 

ini, a  planned  two-week  orbit  for 
two  Astronauts.  Long  before  they  go 

up,  the  "unknowns"  of  living  in  an 
oxygen  environment  will  have  become 
knowns.  And  the  hazards  thereof,  if 
any,  will  have  been  pinned  down, 
studied  and  eliminated. 

This  research,  supported  by  NASA, 

is  being  carried  on  in  our  Space  En- 
vironment and  Life  Sciences  Labora- 

tory, to  determine  the  effects  of  space 
travel  upon  the  software  as  well  as 
the  hardware. 

REPUBLIC 
AVI  AT  ION  CORPORATION 

Circle  No.  30  on  Subscriber  Service  Card 151 



Better  Measuring  from 

m 

D 

SOLID 

STATE 

RELIABILITY 

vital  to 

Mariner  2 

ground  -
  }•'..••*•) 

support  |  )  w  '
  3 

equipment  ̂ 8 

by  Electro 
Instruments 

The  ultimate  success  of  highly  sophisticated  spacecraft  systems,  like 
the  Venus-bound  Mariner  2.  depends  on  reliability.  Significant, 
therefore,  is  the  selection  of  an  EI  all  solid  state  Digital  Multimeter 
as  the  heart  of  the  Automatic  Digital  Monitoring  and  Recording 
Subsystem  manufactured  for  Jet  Propulsion  Laboratory. 

EI  solid  state  D.  V.  M.'s  are  the  result  of  over  five  years  of  experi- 
ence in  the  design  and  manufacture  of  all  electronic  digital  instru- 

ments. Documented  user  reports  indicate  mean-times-between-fail- 
ures  in  excess  of  2000  hours.  There  is  no  more  reliable  means  of 

swiftly  and  accurately  evaluating  a  component  or  a  complete  as- 
sembly which  can  be  checked  by  the  measurement  of  a  DC  or  AC 

voltage,  DC  ratio,  resistance,  capacitance,  inductance  or  impedance. 

The  Automatic  Digital  Monitoring  and  Recording  Subsystem 
built  for  Jet  Propulsion  Laboratory,  for  example,  measures  up  to 
40  signal  inputs  programmed  for  AC  voltages,  DC  voltages  or  resist- 

ance. A  digital  clock  is  included  to  provide  timed  automatic  scans 
at  prescribed  intervals  without  an  operator,  for  overnight  use,  or 
during  extended  life  tests.  All  readings  are  visually  presented  and 
permanently  recorded  on  printed  tape.  A  digital  comparator  as- 

sembly is  utilized  for  tolerance  detection. 

For  full  details  on  El's  individual  instruments  in  the  digital 
measuring  field,  or  our  complete  systems  capability  in  data 

acquisition,  display  and  control— call  the  EI  office  nearest 
you  or  write  direct. 

□ 

Electro  Instruments,  Inc. 

8611  Balboa  Avenue,  San  Diego  12,  California 

of  the  magnetic  field  already  present  in 
an  MHD  device  to  produce  electrons 
without  the  need  for  very  high  tempera- 

tures. When  an  electric  current  flows  in 
a  gas,  the  few  already  present  electrons 
reach  higher  temperatures  than  the  gas 
itself.  By  adjusting  gas  composition  and 
magnetic  field,  electrons  can  be  made 
hot  enough  to  create  ionization  of  a 
suitable  additive  gas  without  providing 
heat  from  an  external  source. 

The  Lewis  effort  is  basic — aimed  at 
answering  such  questions  as  how  is  the 
creation  of  ions  related  to  electron  col- 

lisions and  how  many  collisions  will  re- 
sult in  net  losses  due  to  recombination. 
Initial  steps  will  involve  building  an 

MHD  generator,  but  this  will  not  be  a 
net  power  unit — feasibility  is  a  major 
interest.  Should  the  concept  prove  out, 
the  normal  problems  remain  in  conver- 

sion to  useful  space  hardware. 
While  there  is  a  considerable  reduc- 

tion in  the  operating  temperature  in- 
put, the  regime  is  still  in  the  2500°F area  and  this  will  require  some  mate- 
rials development  if  the  process  proves 

promising. 
The  third  general  area  in  electric 

propulsion  at  Lewis  involves  electro- 
thermal thrustors  or  arc  jets.  These  de- 

vices cover  missions,  such  as  Earth 
orbit,  requiring  specific  impulses  in  the 
1000-sec.  range.  Here  the  propellant  is 
heated  electrically  before  being  ex- 

panded in  a  conventional  convergent- 
divergent  nozzle. 

Two  engine  configurations  are  under 
study  at  the  NASA  propulsion  center, 
says  John  R.  Jack,  chief  of  the  Electro- 

thermal Branch.  The  first  is  an  experi- 
mental arcjet  consisting  of  a  cathode 

and  anode  which  also  serves  as  a 
convergent-divergent  nozzle. 

The  second  is  a  resistance-heated 
hydrogen  rocket  designed  for  a  thrust 
of  1  lb.  and  an  Isp  of  1000  sec.  The 
first  engine  has  problems  in  propellant 
choices,  electrode  mission  life  and  cool- 

ing techniques.  The  resistance-heated 
device  has  disadvantages  in  its  opera- 

tion— it  needs  a  metal  heat  exchanger. 
Since  the  engine  must  use  hydrogen, 
storage  space  poses  a  problem. 

In  general,  says  Jack,  research  in 
the  past  few  years  has  narrowed  the 
gap  between  experimental  models  and 
a  flyable  prototype.  The  lifetime  of 
components,  initially  measured  in  min- 

utes, has  been  extended  to  weeks.  Spe- 
cific impulses  have  been  pushed  into 

the  1000-to-1500-sec.  range,  and  it  now 
appears  feasible  to  design  an  engine 
having  the  desired  performance  charac- teristics and  conversion  efficiency. 

Problems  are  centered  in  reliable 
electrodes  and  heat  exchangers,  non- 
cryogenic  propellants  and  local  convec- 
tive  heating  rate  measurements  in  pro- 

pellants to  determine  the  type  of  cooling 
svstem  needed.  8 
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place!
 

Of  all  the  reasons  why  a  firm  might  want  to  locate 
in  Jacksonville,  one  of  the  best  is  that  children  will 

have  a  healthy,  really  great  place  to  grow.  Jackson- 
ville's place  in  the  sun  looks  for  all  the  world  like 

a  children's  paradise.  A  lot  of  it  has  to  do  with 
nature,  good  luck,  and  geography.  But  a  lot  of  it 
comes  from  farsighted  civic  planning.  Jackson- 

ville's modern,  uncluttered  skyline,  the  carefully 
designed  subdivisions . . .  the  fully  accredited  uni- 

versity . . .  they're  all  well-thought-out,well-kept-up 

and  well-nigh  impossible  to  top  anywhere  in 
the  country. 

Doing  business  for  nearby  Canaveral  is  one  of 
our  big  jobs,  too.  We  have  numerous  rail,  truck 
and  waterway  lines  leading  right  into  the  "Space 
Site"  area.  That  fact,  coupled  with  many  plant 
sites  around  Jacksonville,  makes  this  an  ideal 

location  for  the  space-project's  allied  industries. 
They're  never  more  than  a  few  miles  or  minutes 
away  from  the  advantages  of  Jacksonville.  Not 
only  does  Jacksonville  boast  of  all  the  usual 
municipal  facilities;  it  also  has  some  of  the  finest 
schools,  libraries,  churches,  museums  and  play- 

grounds for  your  family.  Write  for  our  Space  Age 

brochure ...  get  all  the  facts  on  why  you'd  like  to 

JOIN  US  IN 

Jacksonville 

Electric  and  Water  Utilities 
City  of  Jacksonville,  Florida 

Capt.  B.  C.  McCaffree,  Executive  Director,  Committee  of  100 
~     t    Jacksonville  Area  Chamber  of  Commerce 

f    612-M  Hogan  Street \a#     Jacksonville  2,  Florida 

Please  forward  Jacksonville's  Space  Age  Brochure  to 
Name 
Title  _ 

Business  Address . 

City  .Zone . .State. 
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NASA/construction 

Building  Cost  May  Peak 

Over  $1  Billion  in  FY  '64 

Only  early  start  on  Nova  development  can  maintain 

such  a  level;  a  breakdown  of  planned  facilities  by  centers 

CONSTRUCTION  of  facilities  in 

NASA's  Fiscal  1964  budget  may  top 
$1  billion  as  the  peak  is  reached  in  the 
'brick  and  mortar"  phase  of  the 
Manned  Lunar  Landing  Program.  After 
next  year,  however,  construction  should 
fall  precipitately — unless  a  decision  is 
made  to  initiate  Nova  development  in 
FY  '65. 

NASA  officials  refuse  to  discuss  next 

year's  budget  program.  But  they  point out  that  they  testified  before  Congress 
that  peak  construction  spending  was  not 
reached  with  the  $818  million  re- 

quested for  '63.  And  they  admit  that  the 
FY  '64  construction  request  will  be 
"somewhat  higher"  than  this  year's — 
mainly  because  construction  expenses 
must  peak  in  the  first  couple  of  years  of 
any  program  and  then  taper  off  as  R&D 
costs  build  up. 

The  only  program  which  could  pre- 
vent a  sharp  reduction  in  construction 

funds  is  Nova.  However,  it  is  clear  that 
NASA  plans  Nova  development  for  the 
FY  '66-'67  period — or  perhaps  beyond. 

Support  for  the  $1 -billion  figure 
next  year  also  can  be  seen  in  the  almost 
$71 -million  reduction   in  construction 

funds  that  NASA  has  already  been 
forced  to  make,  and  the  further  reduc- 

tion which  may  be  necessary  to  support 
the  Apollo  program. 

Part  of  this  drop  came  from  Con- 
gressional action  trimming  the  original 

request  from  $818  million  to  $786  mil- 
lion. The  remaining  reduction — approx- 

imately $38.6  million  or  about  5%  of 
the  appropriated  funds — reflects  trans- 
ferral  to  R&D  accounts,  most  notably 
to  the  Manned  Space  Flight  program. 

This  gives  NASA  some  $747.6  mil- 
lion for  its  construction  program.  Of 

this,  $471  million,  63%  of  the  total, 
will  be  used  to  build  testing,  fabricating 
and  launching  facilities  for  the  Saturn, 
Advanced  Saturn  and  other  launch  ve- 

hicles. Ground  facilities  needed  for  the 
development  and  testing  of  spacecraft 
and  for  instrumentation  research  in- 

volve $120  million,  or  16%,  while  an 
additional  $45  million,  6%,  is  spent  for 
tracking  antennas  and  communications 
networks.  About  $112  million,  or  15%, 
of  the  construction  budget  is  allocated 
to  the  building  of  general  laboratories 
or  specialized  research  and  advanced 
technology  equipment. 

•  New  slashes  possible — Since 
NASA  officials  do  not  expect  to  ask  for 
a  supplemental  appropriation  in  Janu- 

ary, further  reductions  in  programs 
other  than  manned  space  flight  could 
take  place.  Mainly,  these  would  be  de- 

cisions to  postpone  construction  of  fa- 
cilities which,  it  is  felt,  are  not  absolu- 

lutely  necessary  at  this  time. 
For  example,  the  $3.9-million 

Launch  Phase  Simulator  at  Goddard 
Space  Flight  Center  already  has  been 
postponed,  and  consideration  is  being 
given  to  postponing  the  $6.2-million 
Lunar  Propulsion  Research  Facility  at 
Lewis  Research  Center.  A  decision  on 
the  latter  has  not  been  made,  however, 
and  probably  will  not  be  made  until 
next  spring  when  the  final  design  is 
submitted. 

At  the  Atlantic  Missile  Range,  some 
$18.9  million  for  Nova  construction 
will  not  be  spent,  since  Nova  facilities 
are  to  be  funded  at  a  study  level  this 
year.  However,  NASA  is  considering 
the  possibility  that  it  will  have  to  build 
another  Agena  launch  complex  at  AMR 
in  addition  to  further  modification  of 
the  Centaur  launch  area.  Of  the  appro- 

priated $328  million,  $326  million  prob- 
ably will  be  spent  this  year. 

In  addition  to  postponement  of  the 
Launch  Phase  Simulator,  the  Applied 
Sciences  Laboratory  at  Goddard  has 

been  funded  out  of  reprogramed  FY  '62 
funds,  but  this  reduction  in  this  year's program  is  offset  to  some  extent  by  the 
decision  to  build  several  general-purpose 
buildings  to  be  used  initially  as  office 
and  laboratory  space  and  eventually  to 
become  warehouses. 

The  $800,000  increase  in  Langley 

Research  Center  funding  is  NASA's share  of  a  joint  project  with  the  Air 
Force  to  build  a  new  access  road  at 
Langley  AFB,  Va.  No  real  change  in 
funding  for  either  Marshall  Space  Flight 
Center  or  the  Michoud  plant  is  expected. 

Although  part  of  the  $92.5  million 
appropriated  for  the  Mississippi  Test 
Facility  was  to  have  been  spent  on  Nova 
static  test  facilities,  there  is  no  planned 
reduction  in  funding  for  the  site.  The 

NASA  PROGRAM  FOR  CONSTRUCTION  OF  FACILITIES 
(In  millions) 

BUDGET CONGRESS PLANNED 
CENTER 

REQUEST  FY  '63 
APPROVED SPENDING 

Ames  Research  Center 14.439 14.439 14.439 
Atlantic  Missile  Range 359.963 328.333 326.000 
Facility  Planning  and  Design 10.000 8.000 5.500 
Flight  Research  Center 1.807 1.807 1.807 
Goddard  Space  Flight  Center 23.780 23.746 18.000 
Jet  Propulsion  Laboratory 10.360 10.347 10.360 
Langley  Research  Center 8.092 8.081 8.881 Lewis   Research  Center 43.833 44.833 44.833 
Manned  Spacecraft  Center 30.755 30.755 41.000 
Marshall  Space  Flight  Center 33.437 33.432 33.437 
Michoud  Plant 1 8.400 1 8.400 

18.4 Mississippi  Test  Facility 92.500 92.500 92.5 
Nuclear  Rocket  Development  Station 40.000 40.000 17.00 
Various  Locations 127.332 1 27.279 1 1 1.179 
Wallops  Stations 

4.3 
4.286 4.286 

SUB  TOTAL $818,998 $786,237 $747,622 TRANSFERRED  TO  R4D 38.615 
TOTAL 

$786,237 
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WORK  UNDER  WAY  at  Marshall  Space  Flight  Center  site  of  F-l  powerplant  test  stand. 

funds  instead  will  be  used  to  construct 
static  test  facilities  for  the  Advanced 

Saturn's  S-II  stage. 
The  $6.5-million  Lunar  Landing 

Simulator  at  Houston's  Manned  Space- craft Center  will  not  be  built  because 
NASA  feels  that  there  may  be  better 
methods  available  to  train  astronauts 
for  landing  on  the  Moon.  For  example, 
it  is  exploring  free-flight  methods  in 
which  five-sixths  of  Earth's  gravity  could 
be  taken  up  by  a  thrusting  device  while 
the  other  one-sixth  could  be  throttled 
by  the  astronaut. 

This  decrease  in  funding,  however, 
is  more  than  compensated  for  by  the 
decision  to  push  ahead  with  the  $30- 
million  mission  control  center.  Overall 
funding  for  MSC  has,  therefore,  in- 

creased from  $30.8  million  to  $41.0 
million. 

Perhaps  the  largest  percentage  re- 
duction in  construction  funding  has 

been  the  cut  from  $40  million  to  $17 
million  at  the  Nuclear  Rocket  Develop- 

ment Station.  This  reflects  a  decision  by 
NASA  to  postpone  the  construction  of 
stage  facilities  at  the  Nevada  site.  De- 

pending on  the  outcome  of  the  Kiwi- 
B4  tests  to  be  conducted  this  year, 
these  funds  could  be  restored.  However, 
it  appears  extremely  unlikely  that  this 
will  happen. 

The  $16-million  cut  in  construction 
at  various  locations  is  accounted  for  by 
the  elimination  of  Nova  manufacturing 
facilities.  Advanced  facility  planning 
and  design  funds  have  also  been  cut 
from  $8.0  million  to  $5.5  million. 

Apart  from  Marshall  and  Michoud, 
Ames  Research  Center,  the  Flight  Re- 

search Center,  the  Jet  Propulsion  Lab- 
oratory and  Wallops  Station  are  the 

only  major  NASA  facilities  to  escape 
drastic  changes  in  their  construction 
programs. 

•  Ames  Research  Center — The 
$14.4  million  appropriated  for  Ames 

this  year — more  than  double  the  cen- 
ter's construction  budget  in  FY  '62 — 

will  be  spent  on  four  facilities: 
—Biosciences  Laboratory  ($924,000) 

will  provide  research  facilities  to  support 
research  in  the  separate  but  related 
fields  of  immunology  and  genetics, 
radiobiology  and  exobiology. 

— Mach  50  Helium  Tunnel  ($1,500,- 
000)  will  be  of  the  blowdown  type  with 
a  test  section  48  in.  in  diameter  utilizing 
interchangeable  axisymmetric  nozzles 
to  obtain  Mach  numbers  of  30  and  50 
at  Reynolds  numbers  from  0.1  to  1.4 
million. 

—Radiative  Heat  System  for  Mass 
Transfer  Facility  ($2,225,000)  will  con- 

sist of  radiative  sources,  both  stabilized 
electric  arcs  and  imaging  optical  sys- 

tems, installed  in  the  mass-transfer  fa- 
cility to  provide  a  radiative  heat  flux  to 

a  heat-shield  material  at  the  same  time 
that  it  is  being  subjected  to  convective 
heating  from  an  arc -heated  high-veloc- 

ity air  jet. 
—Space  Flight  Guidance  Research 

Facility  ($9,790,000)  is  expected  to 
simulate  the  environment,  accelerations, 
motions  and  tasks  for  crew  and  equip- 

ment within  a  representative  three-man 
capsule  during  take-off,  midcourse  flight, 
entry  and  landing,  including  simulation 
of  abort  or  emergency  conditions.  Basi- 

cally an  advanced,  pilot-controlled  cen- 
trifuge, the  design  is  based  on  operating 

experience  with  existing  centrifuges. 
•  Atlantic  Missile  Range — By  far 

the  biggest  hunk  of  NASA's  construc- tion budget  ($326  million)  is  to  be 
spent  at  Cape  Canaveral.  Nearly  90% 
of  these  funds  will  be  for  construction 
of  launch  facilities;  the  remaining  10% 
will  be  used  to  acquire  15,000  more 
acres  in  Brevard  and  Volusia  counties 
to  appropriately  site  the  Advanced  Sat- 

urn launch  pads  and,  at  the  same  time, 
accommodate  the  Titan  III  complex. 

Heart  of  the  Cape  Canaveral  facili- 
ties construction  is  the  incrementally 

funded  Advanced  Saturn  Launch  Com- 
plex 39.  It  is  funded  at  $176.5  million 

this  year,  but  this  is  estimated  to  be  only 
40%  of  the  total  cost  of  the  complex. 

The  FY  '63  money  includes  the  de- 
sign and  construction  of  a  460-ft.  verti- 

cal assembly  and  checkout  building,  only 
one  of  the  four  C-5  launch  pads,  the 
rail  transfer  system  from  the  assembly 
building  to  the  one  launch  pad,  two 
launcher-umbilical-transporters  and  site 
preparation.  Also  included  are  checkout 
and  control  equipment,  deflectors,  firing 
accessories,  instrumentation,  ground  sup- 

port equipment  and  the  design  of  the 
Ordnance  Arming  Tower. 

Reflecting  a  change  in  concept,  the 
Ordnance  Arming  Tower  will  be  located 
at  the  C-5  launch  pad,  thereby  eliminat- 

ing the  need  for  the  launch  vehicle  to 
stop  en  route  to  the  pad.  Once  the  C-5 
is  on  the  pad,  the  arming  tower  will  be 
brought  in  from  a  standby  position  to 
the  vehicle  where  the  explosive  elements 
will  be  installed. 

FY  '64  funds  are  expected  to  pro- 
vide for  construction  of  the  remaining 

three  launch  pads  and  their  associated 
rail  and  propellant  loading  systems,  as 
well  as  the  construction  of  the  arming 
towers. 

Apollo  Mission  Support  facilities 
will  be  constructed  in  the  NASA  indus- 

trial area  at  AMR  at  a  cost  of  $22,510,- 
000.  These  will  include  an  $8-million 
spacecraft  operations  and  checkout  fa- 

cility for  modification,  assembly,  check- 
out and  preflight  testing  of  manned 

spacecraft  and  their  mechanical  and 
electrical  components  and  systems.  In 
the  three-story  masonry  and  steel  build- 

ing will  be  a  high-bay  area  with  two 
altitude  chambers  and  two  test  pits  and 
a  low-bay  fabrication  and  assembly  area. 

In  the  new  area  at  Cape  Canaveral, 
another  set  of  supporting  facilities,  cost- 
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ing  $39,121,000,  will  be  built  to  house 
contractor  personnel  and  the  substan- 

tially increased  range  support  instru- 
mentation and  equipment. 

A  $1.3-million  contractor's  building 
near  Complex  39  will  provide  the  prox- 

imity and  working  space  required  for 
coordination  of  the  Manned  Lunar 
Landing  program.  A  $1.5-million  engi- 

neering, laboratory  and  operations 
building  also  will  be  used  for  personnel 
engaged  in  test  evaluation  and  checkout 
of  parts,  components,  subassemblies, 
equipment  and  materials  for  booster 
and  upper  stages. 

An  Apollo  static  test  facility  with 
two  test  stands  costing  $5  million  will 
be  built  to  proof-test  engines  of  the 
manned  spacecraft's  LEM  and  service 

modules.  A  steam  ejector  will  be  pro- 
vided to  simulate  the  space  environment. 

•  Manned  Spacecraft  Center — Even 
with  deletion  of  the  Lunar  Landing 

Simulation  facility  from  the  '63  pro- 
gram, the  Manned  Spacecraft  Center 

has  a  '63  construction  budget  of  $41.0 
million.  This  brings  the  two-year  facili- 

ties budget  for  MSC  to  more  than  $100 
million  of  the  approved  $123-million 
construction  plan. 

With  $7  million  worth  of  site  im- 
provements and  service  installations  just 

about  completed,  phase  three — construc- tion of  the  authorized  technical  and 
management  facilities — is  scheduled  to 
begin  this  year. 

The  first  technical  building  to  be 
completed  will  be  the  Mission  Control 
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Center,  which  should  be  ready  for  in- 
stallation of  computers  and  communi- 

cations equipment  in  August,  1963.  On 
a  highly  accelerated  schedule  to  permit 
its  use  in  the  Gemini  program,  the  $30- 
million  center  will  support  all  future 
manned  space  flights. 

A  $10.6-million  flight  acceleration 
facility  will  be  built  with  '63  funds  to 
provide  an  environmentally  controlled 
dynamic  simulator  to  be  used  by  astro- 

nauts. A  secondary  purpose  will  be  to 
provide  a  dynamic  laboratory  for  study- 

ing psycho-physiological  factors  in  the 
performance  of  individuals,  to  develop 
and  perfect  man-machine  subsystems 
and  to  determine  human  tolerance  to 
specific  acceleration  profiles. 

The  other  project  in  the  '63  pro- 
gram is  a  $6.0-million  thermochemical 

test  facility  for  evaluating  and  develop- 
ing active  spacecraft  subsystems  such 

as  propulsion  and  reaction  and  attitude 
control. 

The  facility  will  have  high-thrust  test 
cells  for  both  liquid  and  solid  engines, 
a  hydrogen  and  oxidizer  component 
cyrogenic  test  cell,  and  a  reaction  con- 

trol facility  for  tests  of  control  systems 
up  to  150  lbs.  thrust.  Chemical  auxiliary 
power  and  static  energy  conversion  sys- 

tems tests,  as  well  as  heat  transfer  and 
rejection  tests,  will  be  conducted  from  a 
control  room  capable  of  remote  opera- 

tion of  hazardous  tests. 
Other  approved  buildings  in  the 

Houston  complex — all  expected  to  be 
ready  for  occupancy  by  March,  1964, 
if  not  sooner — include  a  10-story 
project  management  and  engineering 
building;  a  flight  operations  building; 
astronaut  training  and  life  support;  en- 

vironmental test  chambers;  an  antenna 
test  range;  spacecraft  research  building; 
structural  test  laboratory;  electrical, 
electronics  and  optics  laboratory;  mate- 

rials and  mechanical  systems  laboratory: 
spacecraft  environmental  test  facility; 
and  life  systems  building  and  laboratory. 

•  Marshall  Space  Flight  Center — 
Test  facilities  costing  about  $50  million 
are  being  constructed  at  Marshall  Cen- 

ter to  support  development  of  Advanced 
Saturn.  A  $30-million,  405-ft.  static  test 
stand  is  already  under  construction  and 
is  expected  to  be  completed  in  late 
1963.  A  450-ft.  dynamic  test  stand  is 
also  planned  to  test  all  three  stages  of 
the  C-5  vertically  for  bending  and  vi- bration modes. 

Funds  are  included  in  the  FY  '63 
budget  for  completion  of  an  F-l  engine 
test  stand  for  test,  evaluation  and  cali- 

bration of  a  single-unit  of  the  1.5- 
million-lb. -thrust  engine.  Initial  con- 

struction was  begun  this  year  with 

reprogramed  '62  funds. The  second  Saturn  static  test  stand 

in  the  two-position,  West  area — author- 
156 Circle  No.  20  on  Subscriber  Service  Card missiles  and  rockets,  November  26,  1962 



ized  in  the  FY  '61  budget  and  currently 
under  construction — is  to  be  converted 
to  provide  a  capability  for  testing  Ad- 

vanced Saturn  stages.  This  conversion 
is  taking  place  under  FY  '62  reprogram- 
ing  authority  and  emergency  authoriza- 

tions. However,  in  order  to  properly 
instrument  the  test  area  for  C-5  stages, 
$4  million  has  been  authorized  this 
year.  In  addition,  the  final  $2-million 
increment  for  test  stand  conversion  is 

included  in  this  year's  budget. 
An  addition  to  the  Computation 

Division  building  will  provide  space  for 
needed  vibrational,  telemetry,  optical, 
data  translation  and  plotting  equipment 
as  well  as  an  additional  large  digital 
computer  and  supporting  equipment  for 
a  three-axis  flight  simulator.  A  new  $4- 
million  components  test  facility  will 
supplement  existing  facilities,  which  are 
becoming  inadequate  due  to  physical 
limitations  of  the  test  cells  and  to  the 
inadequate  quantities  of  propellants  that 
the  cells  can  handle. 

Three  other  buildings  to  be  built 
from  '63  funds  include  a  five-story  en- 

gineering and  administration  building 
adjacent  to  the  new  central  laboratory 
and  office,  a  two-story  engineering  build- 

ing, and  an  instrument  laboratory  for 
work  on  measuring  devices  used  in  static 
test  firings  and  cold  flow  testing.  Com- 

bined cost  of  these  three  facilities  is 
estimated  at  $5.5  million. 

•  Mississippi  &  Michoud  —  Over 
$11  million  of  the  $18  million  appro- 

priated for  the  Michoud  Operations  will 
be  spent  this  year  to  complete  modifica- 

tion of  the  825-acre  plant.  Most  of  this 
money  will  be  spent  to  rehabilitate  the 
World  War  II  tank  plant,  but  prepara- 

tion of  fabrication  and  assembly  areas 
for  the  S-I  and  S-IC  boosters  are  also 
under  way. 

Three  new  construction  projects, 
totalling  some  $7  million,  are  also 
planned  for  the  Michoud  plant.  The  first 
is  a  $1 -million  high-pressure  test  facil- 

ity for  testing  fuel  tanks  and  high- 
pressure  tubing  of  the  Saturn  S-IC 
booster.  A  $3-million  Hydrostatic  Test 
and  Cleaning  Facility  consists  of  a 
building  with  an  overhead  clearance  of 
75  ft. — required  in  manufacturing  the 
S-IC  booster. 

Adjoining  this  building  will  be  a 
vertical  assembly  facility,  also  costing 
about  $3  million,  in  which  the  final 
assembly  of  the  Saturn  S-IC  booster  will 
take  place. 

Construction  is  expected  to  start  late 
this  year  on  facilities  at  the  Mississippi 
test  area  for  static-testing  the  first  two 
stages  of  Advanced  Saturn.  Four  test 
stands — two  for  the  S-IC  stage  and  two 
for  the  5-7/  stage — will  be  built  initially. 

Some  $92.5  million  of  the  estimated 
$500-million  total  cost  of  the  Missis- 

sippi complex  is  included  in  the  '63 
budget.  Of  this  year's  funds,  $43  million 

was  to  have  been  used  for  Nova  stage 
facilities.  However,  with  Nova  slipping 
at  least  two  years,  the  funds  will  be 
used  instead  for  S-II  stage  test  facilities. 

Some  15  miles  of  river  channel  will 
have  to  be  improved  and  about  15  miles 
of  canals,  15  feet  deep  and  200  feet 
wide,  will  have  to  be  dug.  To  provide 
access  from  the  East  Pearl  River,  which 
connects  with  the  Intracoastal  Water- 

way, a  lock  will  be  built  in  the  southeast 
corner  of  the  area.  Some  $13.5  million 
has  been  provided  for  these  support 
facilities  and  other  utility  installations. 

In  addition  to  the  static  test  stands 

which  are  to  be  operational  in  1965 — 
the  first  S-II  stand  in  early  1965,  the 
first  S-IC  stand  in  mid- 19 65  and  the 
remaining  two  stands  by  the  end  of  the 
year— about  20  support  and  service 
buildings  will  also  be  constructed  in  the 
first  approved  $200-million  increment. 

The  largest  of  these  probably  will 
be  the  rocket  stage  storage  buildings, 
which  will  be  about  200  ft.  by  235  ft. 
with  a  ceiling  about  70  ft.  high.  Other 
buildings  include  an  engineering  lab, 
acoustical  lab,  electronics  and  instru- 

mentation lab,  site  maintenance  build- 
ing, central  control,  data  handling  cen- 

Trailers  by  Dorsey  for  Link  A3J-1  Trainer 

lustration  courtesy 
Link  Division, 

General   Precision.  Inc. 

In  building  the  A3J-I  system  for  the  Navy, 
Link  made  significant  advances  in  the  state- 
of-the-art  of  aviation  training.  Special  vans 
built  by  Dorsey  house  the  three  units — 
flight  simulator,  bomber-navigator  trainer 
and  tactical  simulation  trainer. 

For  any  project  involving  mobile  equip- 
ment our  Special  Products  Division  engi- 
neers can  hold  time  and  cost  to  a  minimum 

and  insure  reliability  as  well.  They  have  suc- 
cessfully completed  a  wide  variety  of  R  &  D 

assignments  on  trailers  for  electronics  in- 
stallations as  well  as  vans  to  haul  delicate 

cargoes.  Dorsey  builds  special  trailers  to 
any  desired  stage  of  completion.  Can  we 
help  you?  If  urgency  dictates,  we  can  be 
at  your  desk  within  hours. 

" — 1 

1  !K 

Write  tor  our  brochure, "Ground  Support 

Equipment" 
Special  Products  Division 

DORSEY  TRAILERS/ELBA,  ALABAMA 
(AREA  CODE  205—897-2241) 

Subsidiary  of  The  Dorsey  Corporation 

The  accoustical  ceili 
ing  and  floor  insta are   shown   in  this 
briefing   room.  All 
are  insulated  and  a 

ng,  spec 
led  by  I 

photo  < 

three  I 
ir  condit 

missiles  and  rockets,  November  26,  1962 Circle  No.  21  on  Subscriber  Service  Card 
157 



WALK 

THROUGH 

to  SAFETY 

DECONTAMINATION 
SHOWER  model  8S62 

Ready  for  action!  16-FULLJET 
nozzles  drench  the  body  when 
large  Push-Type  instant-action 
ball  valve  is  opened.  Here  is  the 
instant  first  aid  so  vital  to  coun- 

tering body  contamination.  A 
Haws  stainless  steel  (Model 
7900-B)  eye/face-wash  is 
mounted  on  paneled  side  to  pro- 

vide a  complete  "one-stop"  safe- ty station.  Functional  parts  are 
rugged  red  brass.  Write  for  de- 

tailed specs:  Haws  Drinking 
Faucet  Company,  1443  Fourth 
St.,  Berkeley  10,  California. 

EMERGENCY  EQUIPMENT 

ter  and  various  other  support  facilities. 
•  Goddard  and  JPL — Two  projects 

at  Goddard  Space  Flight  Center  will 
consume  $10  million  of  the  agency's 
$18-million  '63  budget:  a  Spacecraft 
Operations  Facility  and  a  Tracking  and 
Telemetry  Laboratory.  An  additional 
$3  million  will  be  spent  to  convert  a 
dynamic  test  chamber  to  a  space  simu- 

lator. A  Development  operations  build- 
ing and  an  attitude-control  test  facility 

make  up  the  remainder  of  the  construc- 
tion budget. 

The  $7.5  million  Spacecraft  Opera- 
tions building  is  an  addition  to  the 

central  flight  control  and  range  opera- 
tions laboratory.  It  is  expected  to  pro- 
vide critically  needed  space  for  data 

reduction,  control  center,  computation 
and  communications  equipment.  Over 
$5  million  of  the  total  cost  of  the  proj- 

ect will  be  spent  to  provide  this  badly 
needed  equipment. 

The  tracking  and  telemetry  labora- 
tory will  house  additional  scientific  per- 

sonnel for  research  and  development  of 
ground  support  instrumentation  for 
tracking  and  data  acquisition  systems. 
Cost  of  the  three-story  building,  with 
headhouse  space  for  antenna  test  rooms 
and  roof  slabs  to  accommodate  antenna 
loads,  is  estimated  at  a  little  over  $3 
million. 

The  Applied  Sciences  Laboratory — 
already  funded  from  the  FY  '62  budget 
with  reprogramed  money — will  house 
scientific  personnel  required  for  re- 

search and  development  of  instrumen- 
tation for  spacecraft  and  sounding 

rockets.  Special  equipment  to  be  housed 
in  the  laboratory  will  include  particle 
accelerators,  leak  detectors,  a  mass 
spectrometer,  vacuum  and  thermal  test- 

ing tanks,  balancing  equipment  and  gyro 
and  hydraulic  test  stands. 

The  three  major  additions  to  the  Jet 
Propulsion  Laboratory — a  Data  Opera- 

tions and  Command  facility,  an  Engi- 
neering Mechanics  building  and  a 

telecommunications  laboratory  —  total 
almost  83%  of  the  $10.3-million  '63 
program. 

The  data  operations  facility  is 
planned  as  the  mission  operations  com- 

mand center  from  injection  to  comple- 
tion of  a  particular  unmanned  lunar  or 

planetary  mission.  As  such,  the  center 
will  be  fed  data  from  the  Deep  Space 
network,  computations  of  trajectory 
corrections  will  be  made,  and  commands 
initiated  at  the  command  center  to  cor- 

rect the  spacecraft.  At  present  these 
functions  are  performed  in  portions  of 
four  buildings  and  in  16  rented  trailers. 
Cost  of  the  building  is  expected  to  be 
$2.4  million. 

Like  the  data  operations  facility,  the 
engineering  mechanics  building  and 
the  telecommunications  laboratory  will 

BIG  STAND  shown  in  artist's  drawing 
will  be  erected  at  MSFC  to  test-fire  C-5 
engine  clusters. 

allow  personnel  working  on  the  un- 
manned lunar  and  planetary  programs 

to  vacate  the  substandard  and  rented 
facilities  now  in  use.  A  $605,000  addi- 

tion to  the  fabrication  services  build- 
ing and  a  similar  $600,000  addition 

to  the  materials  research  laboratory 
are  the  two  remaining  items  of  impor- 

tance in  the  JPL  FY  '63  construction 

program. •  Langley  Research  Center — A 
stabilization  and  control  equipment  lab- 

oratory and  a  vehicle  antenna  test 
facility,  plus  additional  equipment  for 
magnetoplasmadynamics  research  are 
the  major  items  in  the  Langley  construc- 

tion program  for  this  year. 
Over  $900,000  also  is  provided  for 

each  of  two  facilities — one  for  environ- 
mental research  for  spacecraft  compo- 

nents and  materials,  the  other  for  a 
particle  accelerator  for  simulated  micro- 
meteoroid  impact  studies. 

The  $1.4  million  for  magnetoplas- 
madynamics research  equipment  will 

permit  investigations  with  plasma  ac- 
celerators of  larger  size  and  more  ad- 

vanced research  capabilities  than  can  be 
provided  with  currently  available  equip- 

ment and  systems.  Studies  of  such  de- 
vices as  plasma  accelerators  and  plasma 

guns,  on  a  scale  and  with  power  levels 
sufficiently  high  to  permit  a  quantitative 
understanding  of  the  phenomena  in- 

volved, will  be  possible  with  the  im- 
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proved  equipment. 
The  stabilization  and  control  equip- 

ment laboratory  will  house  inertial 
simulators,  electronic  simulation  facili- 

ties for  closed-loop  integrated  systems 
studies,  and  other  equipment  for  trajec- 

tory analyses  and  control  studies  of 
lunar  and  planetary  missions  pertinent 
to  investigations  in  re-entry  aerody- 

namics and  heating. 
The  proposed  vehicle  antenna  test 

facility  is  required  so  that  design,  adjust- 
ment and  development  of  new  high-gain 

antenna  systems  can  be  accomplished 
effectively  and  economically  to  meet  ex- 

panding vehicle  requirements.  An  addi- 
tional power  supply  and  improved  arc 

chamber  for  the  10  megawatt  arc  tun- 
nel will  be  procured  at  a  cost  of  over 

$700,000  to  increase  the  capability  of  the 
tunnel  to  simulate  re-entry  conditions 
experienced  by  vehicles  returning  to 
Earth  from  lunar  or  planetary  missions. 

•  Lewis  Research  Center — The  ma- 
jor project  at  Lewis  is  a  $25.5-million 

Space  Propulsion  Facility  that  will  per- 
mit the  evaluation  and  development 

testing  of  complete  advanced  power  gen- 
eration and  electric  propulsion  systems. 

Designed  specifically  for  testing  both 
the  SNAP  8  power  generation  system 
and  the  electric  propulsion  system  based 
upon  it,  the  facility  can  also  be  used 
for  more  advanced  systems  at  power 
levels  greater  than  SNAP  8  capabilities. 

The  building  to  house  the  facility 
will  be  approximately  100x350  ft.  and 
about  60  ft.  high.  It  will  contain  the 
space  environment  chamber,  the  pump- 

ing and  power  supplies,  a  shop  and 
model  assembly  area,  a  control  room 
and  an  operating  nuclear  reactor  heavily 
shielded  to  protect  the  adjacent  test 
chamber  and  the  surrounding  area. 
Cyro-pumping  of  the  electric  rocket  ex- 

haust will  be  done  with  liquid  nitrogen 
baffles  and  gaseous  helium.  The  facility 
will  be  located  at  Lewis'  Plum  Brook 
station. 

A  $2.4-million  hydrogen  heat  trans- 
fer facility  also  to  be  built  at  Plum 

Brook  will  be  used  to  delineate  the  heat- 
transfer  and  cooling  analyses  required 
for  the  development  of  optimum  flight 
exhaust  nozzles  for  nuclear  rockets. 

Another  project  at  Plum  Brook  is 
a  nuclear  rocket  dynamics  and  controls 
facility  to  investigate  the  basic  nature 
of,  and  to  develop  solutions  for,  the 
control  problems  inherent  in  a  nuclear 
rocket.  A  total  of  $3.5  million  will  be 
spent  on  this  facility;  an  additional  $1.5 
million  will  be  expended  to  modernize 
and  recondition  Plum  Brook's  service 
facilities. 

Probably  the  hardest  hit  of  NASA 
centers  is  the  Nuclear  Rocket  Develop- 

ment Station,  which  saw  its  construction 
budget  plunge  from  $40  million  to  $17 
million.  With  the  stage  facilities  cut 
from  the  Nevada  test  station's  program, 
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able to  components  for  cryogenic  and 

exotic  fluids  in  medium  temperature 
(1000°)  applications. 
Unusually  small,  the  Mini-Seal  series 
delivers  high  performance  in  metal-to- 
metal  applications  and  offers  compo- 

nent designers  great  flexibility  in  space 
and  weight-saving  factors. 
Sizes  range  from  3/16  OD  to  1-1/2  OD. 
Send  for  complete  technical  brochures. 
FREE  TO  PLANT  AND 
ENGINEERING  GROUPS 
'Ceiling  Unlimited',  a  30-minute  color film,  a  dramatic  story  of  the  American 
Astronauts. 

MANUFACTURING 
rmMMWtt  COMPANY 

2908  N.  Naomi  St.,  Burbank,  Calif. 
Area  Code:  213 
Telephone:  849-4585 TWX:  846-3567 

CircU  No.  24  on  Subscriber  Service  Card 
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You.  If  you  have  the  talent  and  the 
experience  to  contribute  to  the 

nation's  lunar,  planetary  and  inter- 
planetary exploration  systems. 

Here  are  challenging  positions  now 
available  for  qualified  scientists  and 

engineers  at  Caltech's  Jet  Propulsion 
Laboratory. 

SYSTEMS 

ENGINEERS 

SPACECRAFT  SYSTEMS 
DESIGN  STUDIES 

To  initiate  and  develop,  for  unmanned 
lunar  and  interplanetary  programs, 
initial  design  criteria,  mission  require- 

ments, advanced  capability  studies  and 
direction  of  the  systems  preliminary 
design  efforts. 

Direction  and  management  of  prelim- 
inary design  contracts  with  industry. 

BS  or  MS  in  EE,  ME  or  AE  with  broad 
experience  and  abilities  in  systems. 

SCIENTISTS 

AND  ENGINEERS 

JPL  also  has  immediate  openings  for 
both  theoretical  and  project  positions 
in  the  following  areas: 
•  Celestial  Mechanics 
•  Orbit  Determination 

•  Space  Navigation  Theory 
•  Trajectory  Studies 
•  Systems  Analysis 

Send  complete  resume  to: 

• 

JET  PROPULSION 
LABORATORY 

4808  OAK  GROVE  DRIVE 

PASADENA,  CALIFORNIA 
Attention:  Personnel  Department 

"An  equal  opportunity  employer." Operated  byCalifornia  InstituteotTechnologytor 
the  National  Aeronautics*  Space  Administration 

the  major  remaining  items  are  a  $7- 
million  Radiation  Effects  facility  and  a 
$1.8-million  Components  Test  facility. 
A  little  over  $2  million  will  be  invested 
in  support  facilities. 

•  Edwards  &  Wallops — The  total 
construction  program  for  the  Flight  Re- 

search Center  at  Edwards  AFB,  Calif., 
consists  of  $1.8  million,  covering  addi- 

tions to  the  main  center  building  for 
housing  personnel  added  for  work  on 
the  X-15,  X-20  and  supersonic  transport 
programs,  and  construction  of  a  $475,- 
000  visual  flight  simulator.  Under  this 
program,  visual  simulation  will  be  added 
to  the  two  static  simulators  already  in 
use  at  Edwards. 

A  $1.5-million  advanced  data  acqui- 
sition system  and  $2  million  in  modi- 

fications and  expansion  of  range  con- 
trol, safety  and  support  systems  and 

equipment — plus  $800,000  in  vehicle 
checkout  facilities  and  equipment — 
make  up  this  year's  $4.3-million  con- struction program  for  Wallops  Station. 

The  first  project  will  up-grade  the 
existing  telemetry  data  acquisition  sys- 

tems at  Wallops  by  the  addition  of  a 
high-gain,  multiple-frequency,  auto- 

matic tracking  antenna,  pre-amplifiers, 
receivers  and  associated  data  handling 

equipment. 
The  range  modifications  will  be  ac- 

complished by  direct  replacement  of 
obsolete  equipment,  extension  and  up- 

dating of  existing  systems,  and  addition 
of  new  equipment.  The  checkout  facili- 

ties are  needed  to  handle  space  vehicles 
such  as  Algol  clusters,  and  large  solid- 
propellant  vehicles  with  new  and  varied 
combinations  of  upper  stages  and  in- 

creasingly complex  configurations. 
•  Various  Locations — Construction 

at  other  sites  throughout  the  country 
was  reduced  some  $16  million  with 
elimination  of  the  Nova  stage  manufac- 

turing facilities.  In  addition,  the  $18 
million  originally  in  this  category  for 
the  manned  space  flight  control  centers 
will  be  spent  at  the  Houston  spacecraft 
center. 

Thus,  overall  spending  for  the  line 
item  "Various  Locations"  falls  from  a 
requested  and  approved  $127.3  million 
to  $93.2  million.  Generally,  three  types 
of  facilities  are  grouped  under  this  cate- 

gory: $45  million  for  the  large  engine 
programs,  $33  million  for  tracking  and 
data  acquisition,  and  $14  million  for 
two  test  facilities. 

Four  single-position,  single-F-1 
engine  static-test  stands  with  associated 
equipment  will  be  completed  with  the 
$25  million  appropriated  in  this  year's budget.  Three  of  the  stands  were  started 

with  last  year's  funds,  while  the  '63 money  will  provide  the  final  increment 
for  the  Edwards  AFB  project  in  the 
Santa  Susana  Mountains.  Total  cost  of 
the  project  is  approximately  $35  million, 
funded  over  the  past  two  years. 

Modifications  of  two  existing  Delta 
2  static-test  stands  and  a  Delta  3  static- 
test  stand — located  also  at  the  Santa 
Susana,  Calif.,  propulsion  field  labora- 

tory— will  make  it  possible  to  use  them 
for  the  200,000-lb.-thrust  LH2-LOX  J-2 
engines  under  development  for  the  Ad- 

vanced Saturn.  Total  cost  of  the  modi- 
fications is  to  be  about  $11.5  million, 

funded  over  the  past  two  fiscal  years. 
Finally,  funds  are  provided  for  build- 
ing or  modifying  four  dual  static-thrust 

test  positions  for  development  of  the 
l,000,000-lb.-thrust  M-l  engine.  NASA 
feels  that  the  $16-million  increment 
authorized  for  this  construction  can  be 
used  to  extensively  modify  existing  fa- 

cilities to  give  them  an  M-l  capability. 
Antenna  facilities  approved  for  con- 

struction this  year  include  an  advanced 
$14-million  antenna  system  at  Gold- 
stone  station  and  new  85-ft.  antennas  at 
Johannesburg  and  Woomera  costing  a 
total  of  more  than  $10  million.  The 
latter  will  enable  these  overseas  Deep 
Space  stations  to  handle  the  planned 
workload  of  the  lunar  and  planetary 
spacecraft  programs. 

A  $6-million  Far  East  data  acqui- 
sition facility — a  high-gain,  wide-band 

station  equipped  with  an  85-ft.  antenna 
and  telemetry  receivers — will  allow 
NASA  to  acquire  data  from  at  least 
60%  of  spacecraft  orbits,  a  minimum 
requirement  for  such  large  spacecraft  as 
EGO  and  OAO. 

In  conjunction  with  this  station,  an 
additional  85-ft.  antenna  will  be  in- 

stalled at  the  Rosman,  N.C.,  data  acqui- 
sition station  for  use  in  the  EGO,  POGO 

and  OAO  programs.  Initial  funds  for 

this  antenna  were  provided  in  the  '62 
program,  and  the  $3.5  million  final  in- 

crement is  provided  this  year.  It  is  ex- 
pected to  be  available  for  use  this  year. 

A  $12-million  Space  Radiation  Ef- 
fects Laboratory  is  scheduled  to  be  built 

in  proximity  to  a  NASA  center  and  a 
university  to  enhance  the  programs  of 
both.  Basically,  the  radiation  laboratory 
would  be  able  to  simulate  the  high- 
energy  corpuscular  radiation,  both  elec- 

trons and  protons,  encountered  in  tra- 
jectories or  orbits  of  spacecraft. 

A  linear  electron  accelerator  of  com- 
mercial design  rated  at  2-10  Mev  and 

a  frequency  modulated  cyclotron  for 
acceleration  of  heavy  ions  will  be  the 
principal  pieces  of  equipment.  Both  ac- 

celerators will  require  substantial  shield- 
ing— 3-ft.  concrete  walls  for  the  linear 

accelerator  and  12-ft.  walls  for  the 
cyclotron.  Location  of  the  radiation 
effects  laboratory  has  not  be  decided 

upon. 
Over  $10  million  has  been  trans- 

ferred to  a  new  construction  site  at 
White  Sands  Missile  Range,  N.M.  These 
funds  will  be  used  to  build  launch  telem- 

etry and  tracking  facilities  for  Little  Joe 
II- Apollo  tests. 
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The  Decision  Makers — 

NASA's  Far-Flung  Organization 

ORGANIZATIONAL  CHARTS— 
163 

Langley  Research  Center 
169 

164 Ames  Research  Center  

170 

165 
Flight  Research  Center  171 

166 
Wallops  Station   171 

167 
Western  Operations  Office 

172 

168 
Michoud  Operations  172 

168 

Marshall  Space  Flight  Center 
Jet  Propulsion  Laboratory  .... 

Goddard  Space  Flight  Center 

GUIDE  TO  CENTER  MANAGEMENT 
AND  PROCUREMENT  RESPONSIBILITIES  __  173 

NASA  Administrator  James  E.  Webb  (seated  left),  Deputy  Administrator  Dr.  Hugh  L. 
Dryden  (seated  right),  and  Associate  Administrator  Robert  C.  Seamans,  Jr.  (seated  center) 
at  recent  meeting  with  heads  of  all  space  agency  centers. 



ITEM:  The  turboalternator 

unit(CRU)  has  successfully  com- 

pleted a  continuous  endurance 

run  of  2,350  hours.  Upon 

disassembly  and  inspection,  no 

bearing  wear  was  evident.  Sun- 

flower is  under  contract  with 

NASA  Lewis  Research  Center. 

Sunflower  Space-Power  System:  A  mercury  closed  Rankine 
cycle  configuration  adaptable  to  wide  range  of  Earth,  Moon, 
Mars  and  Venus  missions.  Solar  radiation  and  LiH  heat-of- 
fusion  are  energy  sources,  the  latter  acting  during  dark  pe- 

riods of  orbit.  Mercury-vapor-driven  turboalternator  converts 
energy  to  electric  power.  Space  radiator  rejects  waste  heat. 
Packaging  and  deployment  of  solar  collector  are  effected  by 
employing  radial  petals  hinged  at  I.D.  Independent  orientation 
of  vehicle  and  collector  is  possible.  System  shown  is  for  Earth 
orbits  ranging  from  300  to  20,000  nautical  miles  altitude. 
System  provides  3-kw,  a-c  power  continuously  for  at  least  one 
year.  Tapco,  a  division  of  Thompson  Ramo  Wooldridge  Inc., 
23555  Euclid  Avenue,  Cleveland  17,  Ohio. 

A 
TAPC

O 

.  Thompso
n  

Ramo  Wooldri
dge  

Inc. 

DESIGNERS  /  MANUFACTURERS  FOR  SPACE,  MISSILE,  AIRCRAFT,  ORDNANCE,  ELECTRONIC,  NUCLEAR  INDUSTRIES 
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LEWIS  RESEARCH  CENTER 

,  ASSOCIATE  DIRECTOR  FOR  RESEARCH 
E.  J.  Manganiello 
DEPUTY  ASSOCIATE  DIRECTOR  FOR  RESEARCH 

!  J.  C.  Evvard 

OFFICE  OF  RESEARCH  PLANS  &  PROGRAMS 
S.  C.  Himmel 

CHEMISTRY  AND  ENERGY  CONVERSION  DIV. 
W.  T,  Olson 

ELECTROMAGNETIC  PROPULSION  DIV. 
W.  E.  Moeckel 

MATERIALS  AND  STRUCTURES  DIV. 
S.  S.  Manson 

INSTRUMENT  AND  COMPUTING  DIV. 
J.  H.  Hall 

FLUID  SYSTEM  COMPONENTS  DIV. 
1. 1.  Pinkel 

NUCLEAR  REACTOR  DIV. 
L.  V.  Humble  

1  

DIRECTOR 
A.  Silverstein 

DEPUTY  DIRECTOR ASSISTANT  TO  THE  DIRECTOR 
E.  ).  Manganiello J.  F.  Connors 

BUDGET  OFFICE 
V.  Gordon 

PLUM  BROOK  STATION 
A.  D.  Johnson 

ASSOCIATE  DIRECTOR  FOR  DEVELOPMENT 
B.  T.  Lundin 

OFFICE  OF  DEVELOPMENT  PLANS  X  PROGRAMS 
C.  F.  Schueller 

OFFICE  OF  RELIABILITY  S  QUALITY  ASSURANCE 
R.  R.  Godman 

SYSTEMS  ENGINEERING  AND  REQUIREMENTS  DIV. 
H.  M.  Henneberry 

OFFICE  OF  PROJECT  MANAGEMENT 
I.  A.  Johnsen 

ADVANCED  DEVELOPMENT  AND  EVALUATION  DIV. 
D.  S.  Gabriel 

CHIEF  OF  TECHNICAL  SERVICES 0.  W.  Schey 

ASSOCIATE  CHIEF  OF TECHNICAL  SERVICES 
C.  A.  Herrmann 

PLANT  SERVICES  DIV. 
J.  C.  Everett 

TEST  INSTALLATIONS  DIV. 
W.  A.  Egan 

FACILITIES  OPERATIONS  DIV. 
J.  N.  Vivien 
FABRICATION  DIV. 
A.  F.  Reader 

ENGINEERING  DESIGN  DIV. 
W.  J.  McCann 

FACILITIES  ENGINEERING  DIV. 
B.  G.  Gulick 

ASSISTANT  DIRECTOR  FOR 
ADMINISTRATION 
H.  C.  Barrett 

STAFF  OFFICES 
MANAGEMENT  ANALYSIS 
R.  W.  Schmidt 
SECURITY 
R.  W.  Gaines INFORMATION 
H.  J.  McDevitt,  Jr. 
PATENT  COUNSEL 
N.  T.  Musial 
CHIEF  COUNSEL S.  Hosenball.  Acting 
EMPLOYEE-MANAGEMENT COOPERATION M.  B.  Gordon 

PERSONNEL  DIV. 
G.  Macian 

ACCOUNTING  AND  AUDIT  DIV. 

L  F.  Hinz 
PROCUREMENT  AND  SUPPLY  DIV. 
E.  S.  Hicks,  Acting 

LAUNCH  OPERATIONS  CENTER 

TECHNICAL  AND 
SCIENTIFIC  STAFF 
Dr.  A.  H.  Knothe 

RELIABILITY 
R.  L.  Body 

DIRECTOR 
Dr.  Kurt  Debus 

ASSOC.  DIRECTOR  FOR  ADMINISTRATION AND  SERVICES 
C.  C.  Parker 

COMMUNITY DEVELOPMENT 
P.  Siebeneichen 

INDUSTRIAL RELATIONS 
SAFETY 

J.  Bailey 

INSTRUMENTATION 
PLANNING  OFFICE 
K.  Sendler 

PUBLIC  RELATIONS 
OFFICE 
J.  King 

LIGHT/MEDIUM  SPACE 
VEHICLE  SYSTEMS  OFFICE 
E.  Mathews 

SUPPORT  SERVICES  OFFICE 
D.  Hardin 

SECURITY  OFFICE 
C.  Buckley 

FINANCIAL  MANAGEMENT .  OFFICE 
L.  E.  Melton 

PROCUREMENT  & 
CONTRACTS  OFFICE 
G.  A.  Michaud 

HEAVY  SPACE  VEHICLE SYSTEMS  OFFICE 
Maj.  R.  A.  Petrone 

NASA  TEST  SUPPORT  OFFICE 
Col.  A.  B.  Gibbs 

PROGRAM  COORD.  & MANAGEMENT  OFFICE W.  Barney 
TECHNICAL  INFORMATION OFFICE 

J.  Russo 

LEGAL  OFFICE 
C.  A.  Longacre 

PERSONNEL  OFFICE B.  Hursey 

JPL  AMR  FIELD  STATION 
H.  Levy 

168 

MSFC  LAUNCH  VEHICLE OPERATIONS  DIVISION 
Dr.  K.  H,  Debus 
Dr.  H.  F.  Gruene 

FACILITIES  OFFICE 
Col.  C.  Bidgood 

LAUNCH  SUPPORT EQUIPMENT  OFFICE T.  Poppel 
MSC  PREFLIGHT OPERATIONS  DIVISION 
G.  M.  Preston 

GSFC  FIELD PROJECTS  BRANCH 
R.  Gray 
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FLIGHT  RESEARCH  CENTER 

DIRECTOR 
Paul  F.  Bikle 
ASSOCIATE  DIRECTOR 
De  E.  Beeler 

DATA  SYSTEMS  DIVISION 
Edward  N.  Videan 

INSTRUMENT  DEVELOPMENT  BRANCH 
George  F.  Schwartz 

INSTRUMENT  OPERATIONS  BRANCH 
Oscar  N.  Hayes,  Jr. 

INSTRUMENT  SERVICE  BRANCH 
Ralph  M.  Peraula 

PROGRAMS 
Hubert  M.  Drake 

PROJECT  MANAGEMENT 
James  E.  Love 

RESEARCH  DIVISION 
Thomas  A.  Toll 

PROGRAMMING  AND  DATA 
PROCESSING  BRANCH 
Vincent  J.  Marcalus 

SIMULATION  BRANCH 
John  P.  Smith 

VEHICLE  INSTRUMENTATION  BRANCH 
Richard  D.  Baxter 

FLIGHT  OPERATIONS  DIVISION 
Joseph  R.  Vensel 

AERO-MECHANICS  BRANCH 
Harold  J.  Walker 

FLIGHT  MECHANICS  BRANCH 
Donald  R.  Bellman 

MANNED  FLIGHT  CONTROL  BRANCH 
Jack  Fischel 

VEHICLE  AND  SYSTEMS 
DYNAMICS  BRANCH 

ADMINISTRATIVE  DIVISION 
Phillip  E.  Walker 

PUBLIC  INFORMATION 
Ralph  B.  Jackson 

MAINTENANCE  AND 
MANUFACTURING  BRANCH 
Clyde  G.  Bailey 

OPERATIONS  ENGINEERING  BRANCH 
Perry  V.  Row 

RESEARCH  PILOTS  BRANCH 
Joseph  A.  Walker 

PROCUREMENT  AND  SUPPLY  BRANCH 
Morris  E.  Bowling 

FLIGHT  TEST  DIVISION 
John  C.  Palmer 

RANGE  ENGINEERING  BRANCH 
Abraham  0.  Spinak 

RANGE  INSTRUMENTATION  BRANCH 
Robert  R.  Westfall 

VEHICLE  PREPARATION  AND 
LAUNCHING  BRANCH 
Eldred  H.  Helton 

EXECUTIVE  ASSISTANT  AND BUDGET  OFFICER 
Roy  F.  Dunn Germain  S.  Brown 

ADMINISTRATIVE  MANAGEMENT  DIVISION 
Joseph  E.  Robbins 

TECHNICAL  SERVICES  DIVISION 
William  E.  Grant 

FISCAL  BRANCH 
Arnett  R.  Knapp 

MANAGEMENT  SERVICES  BRANCH 
William  H.  Hilliard 

PERSONNEL  BRANCH 
George  A.  Matzner,  111 

PROCUREMENT  AND 
SUPPLY  BRANCH 
Louis  T.  Birch 

SAFETY  OFFICE 
Thomas  M.  McComb 

SUPPORT  SERVICES 
PLANNING  UNIT 
James  W.  Quillen 

RANGE  SUPPORT  BRANCH 
Robert  T.  Holdren,  III 

FACILITIES  OPERATIONS  BRANCH 
Paul  C.  Mears 

DAMAGE  CONTROL  BRANCH 
Herman  J.  Whealton 



WESTERN  OPERATIONS  OFFICE 

NASAO-DOWNEY 
John  R.  Biggs,  Director 

OFFICE  OF  THE  DIRECTOR 
Director,  Robert  W.  Kamm 
Deputy  Director,  D.  R.  Mulholland 

LEGAL  DIV. 
E.  J.  Spielman 

PERSONNEL  DIV. 
Robert  W.  Kerby 

FINANCIAL  MANAGEMENT  DIV. 
John  Pearson 

ADMINISTRATION  DIV. 
James  C.  Caldwell 

PUBLIC  INFORMATION  DIV. 
Stan  Miller 

CONTRACTS  MANAGEMENT  DIV. 
Earle  J.  Sample 

TECHNICAL  DIV. 
Edward  M.  James,  Jr. 

MICHOUD  OPERATIONS 

NEW  ORLEANS,  LA. 
GEORGE  C.  MARSHALL  SPACE  FLIGHT  CENTER 

PUBLIC  RELATIONS  OFFICE 
J.  M.  Funkhouser 

GENERAL  MANAGER 
G.  N.  Constan,  General  Manager 
J  L.  Stamy,  Deputy  General  Manager 
M.  K,  Wible,  Executive  Assistant 
C.  W  Doming,  Special  Assistant 

SUPPORT  SERVICES  OFFICE 
F.  J.  Henrie 

ASSISTANT  FOR  CONTRACT 
AND  FINANCIAL  MANAGEMENT 
H.  B.  Abernetfiy,  Jr. 

INDUSTRIAL  RELATIONS  OFFICE 
J.  P.  Miraglia 

ASSISTANT  FOR QUALITY  ASSURANCE 
A.  G.  Smith 

ASSISTANT  FOR 
PROJECT  MANAGEMENT J.  L.  Stamy 
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NASA/centers 

How  Centers  Will  Spend  $40  Billion 

NASA"s  procurement  organization will  spend  about  $8.5  billion  in  the 
next  two  fiscal  years. 

By  the  end  of  the  decade,  space 
agency  contracts  will  total  $40  billion. 

At  the  same  time,  officials  at  NASA 
headquarters,  1 1  field  centers  and  two 
regional  offices  will  be  managing  over 
40  separate  research  and  development 
projects  in  the  drive  to  put  a  U.S. 
astronaut  on  the  Moon  and  make  this 
country  pre-eminent  in  space. 

Overall  responsibility  for  the  space 
program  rests  with  the  NASA  head- 

quarters staff  located  in  Washington. 
It  heads  up  a  total  agency  work  force 
of  23,700,  including  8500  scientists  and 
engineers. 

The  space  agency's  headquarters  or- ganizational structure  was  reorganized 
in  November,  1961.  Since  that  time, 
other  changes  have  been  made. 

To  the  four  program  offices — 
Manned  Space  Flight,  Space  Sciences. 
Applications,  and  Advanced  Research 
&  Technology — has  been  added  the 
Office  of  Tracking  and  Data  Acquisi- 
tion. 

The  directors  of  the  five  offices  have 
technical  and  budget  control  over  R&D 
projects  that  they  assign  to  the  various 
NASA  field  centers  for  execution. 

Another  management  change  was 
made  last  October  to  increase  the  au- 

thority of  NASA's  Moon  Boss,  D. Brainerd  Holmes,  over  the  manned 
spaceflight  program  in  general  and 
project  Apollo  specifically. 

Holmes  was  elevated  to  the  post  of 
Deputy  Associate  Administrator.  In  the 
past,  the  three  NASA  centers  most  con- 

cerned with  the  manned  spaceflight 
program — Marshall  Space  Flight  Cen- 

ter, Manned  Spacecraft  Center  and 
Launch  Operations  Center,  reported  to 
him  only  on  the  technical  and  budget- 

ary aspects  of  their  MSF  operations.  In 
ithe  new  setup,  The  centers  report  to 
him  directly  on  all  aspects  of  their  op- 

erations. This  is  designed  to  give  Holmes 
jbetter  control  over  the  centers  to  in- 

jure that  their  facilities  and  personnel 
jare  used  to  the  best  possible  advantage 
in  the  U.S.  drive  to  land  a  man  on  the 
Moon. 

The  major  program  responsibilities 
of  the  five  NASA  headquarters  program 
offices  include: 

Manned  Space  Flight — Projects  Mer- 
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cury,  Gemini,  and  Apollo.  Future  proj- 
ects which  will  also  become  part  of  its 

domain  when  they  are  approved  are 
manned  orbiting  space  station,  lunar 
logistics  vehicle,  and  manned  interplan- 

etary exploration. 
Space  Sciences — Its  programs  in- 

clude earth  satellites,  sounding  rockets, 
and  lunar  and  planetary  spacecraft. 

Advanced  Research  and  Technology 
— It  is  responsible  for  all  NASA  re- 

search in  the  areas  of  space  vehicles, 
nuclear  systems,  aeronautical  propul- 

sion and  power  generation,  electronics 
and  control  and  biotechnology. 

Applications — This  office  controls 
the  communication  and  weather  satellite 
programs  and  is  also  charged  with  ways 
of  making  NASA-developed  technology 
available  for  use  by  American  industry. 
One  possible  future  mission  of  the  office 
is  the  establishment  of  a  navigational 
satellite  system. 

Office  of  Tracking  and  Data  Acqui- 
sition— This  office  directs  all  NASA  ac- 

tivities in  this  area  including  Mercury, 
Gemini,  Apollo  and  Deep  Instrumenta- 

tion Facility. 

Top  direction  of  NASA's  affairs  is 
vested  in  a  three-man  team  which  col- 

lectively assumes  responsibility  for  the 
major  technical,  managerial,  or  con- 

tractual decisions  undertaken  by  the 
space  agency.  James  E.  Webb  is  the  Ad- 

ministrator of  the  agency  and  Dr.  Hugh 
L.  Dryden  the  Deputy  Administrator. 
The  third  member  is  Associate  Admin- 

istrator Robert  C.  Seamans,  Jr.,  the 

agency's  "general  manager"  who  sees 
that  the  entire  program  is  implemented. 

The  major  change  has  been  the  estab- 
lishment of  a  new  position  to  strengthen 

the  flow  of  technical  and  management 
information  beween  NASA  and  DOD. 

The  new  job  has  the  title  of  Deputy 
Associate  Administrator  for  Defense  Af- 

fairs. It  will  be  filled  by  Walter  Fredrick 
Boone,  a  retired  Navy  Admiral. 

His  most  important  job,  according 
to  NASA  officials,  will  be  to  serve  as 
the  principal  point  of  contact  between 
officials  of  both  agencies.  He  will  be 
responsible  for  promoting  the  most 
efficient  use  of  the  resources  of  both 
in  the  peaceful  space  field.  He  will  also 
serve  as  deputy  to  Associate  Adminis- 

trator Robert  C.  Seamans,  Jr.,  on  the 
Aeronautics  and  Astronautics  Coordi- 

nating Board  which  currently  controls 
interagency  space  realtionships. 

NASA  INSTALLATIONS 
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THE  VAST  HORIZONS  OF 
OUR  SOLAR  SYSTEM  ARE 
FAST  COMING  WITHIN 
REACH  AS  WE  NEAR  THE 
AGE  OF  INTENSE  SPACE 

TRAVEL.  WE'RE  UP  TO  OUR 
NECKS  IN  THIS  EXCITING 
WORK.  AND  WE  NEED  MORE 
ENGINEERS  &  SCIENTISTS. 

R  &  D  ENGINEERS 
Control  &  Conversion 

Equipment 
Rotating  Machinery 
Generators 
Fuel  Cells 
Liquid  Metal  Systems 
Semiconductor  Circuits 
Ceramics  and  Cermets 
Thermionics  and 

Thermoelectric 
Ground  Support  Equipment 
Microminiaturization 

NEGOTIATION  ENGINEERS 
QUALITY  CONTROL  ENGINEERS 
MANUFACTURING  ENGINEERS 
METALLURGISTS 
TECHNICAL  LIBRARIAN 
Send  resume  in  confidence  to: 
Mr.  W.J.  Young,  Manager 
Professional  Employment 
and  Development 

(§)Westinghouse 
AEROSPACE  ELECTRICAL  DIVISION 

Lima,  Ohio 
an  equal  opportunity  employer 

Marshall  Space 

Flight  Center 
The  Marshall  Center  is  charged  with 

developing  and  operating  NASA's launch  vehicles  and  conducting  related 
research.  The  Center  covers  1200  acres 
on  the  Redstone  Arsenal  reservation 
near  Huntsville,  Ala.,  together  with  two 
separate  facilities — the  Michoud  As- 

sembly Plant  and  the  Mississippi  Test 
Facility  near  New  Orleans. 

Technical  functions  of  the  Center 
are  divided  into  nine  laboratories  staffed 
with  6400  people.  Activities  include  in- 

vestigations into  aeroballistics  and  re- 
lated sciences,  simulation  and  data  re- 

duction, production  of  experimental- 
model  and  prototype  boosters  and  re- 

search in  manufacturing  methods  and 
technology.  There  is  also  design  and 
pilot  development  of  guidance  and  con- 

trol systems  and  checkout  and  launch- 
ing of  boosters  and  space  vehicles. 
Typical  projects  include  develop- 

ment of  Saturn  vehicles,  the  F-l  single- 
chamber  1.5  million-lb. -thrust  engine, 
the  J-2  200,000-lb.-thrust  hydrogen  en- 

gine, the  RL-10  and  H-l  engines.  Mar- 
shall also  handles  the  RIFT  project  for 

the  Space  Nuclear  Propulsion  Office. 
Marshall  will  be  the  cognizant  cen- 
ter if  a  decision  is  made  to  proceed  with 

development  of  a  Nova-type  booster. 
Larger  engines  also  may  be  assigned  to 
Marshall,  but  NASA  headquarters  may 
have  started  a  trend  to  the  Lewis  Re- 

search Lab  in  this  area  by  switching  of 
the  M-l  engine  and  Centaur  vehicle  to 
the  Cleveland  facility. 

Marshall's  Procurement  Office,  under 
Mr.  W.  Davis,  placed  $403,502,289  in 
industrial  contracts  during  Fiscal  '62. It  is  estimated  that  this  will  increase  to 

about  $625  million  in  Fiscal  '63.  The 
total  will  increase  sharply  during  the 
next  fiscal  year  as  the  Saturn  series 
moves  into  pilot  production.  Marshall 
alone  will  be  handling  contracts  of  well 
over  $1  billion. 

Manned  Spacecraft 

Center 

The  Manned  Spacecraft  Center  lo- 
cated in  Houston,  Tex.,  is  responsible 

for  development  of  the  Mercury,  Gem- 
ini and  Apollo  manned  spacecraft. 
Possible  future  programs  include  a 

manned  orbiting  space  station  and 
spacecraft  for  interplanetary  flight. 

For  Fiscal  '63,  programs  will  have 
a  total  budget  of  over  $600  million.  In 
Fiscal  '64,  the  2000-man  work  force 
will  be  directing  programs  with  a  total 
estimated  value  of  over  $1  billion. 

Another  major  budgetary  and  con- 
tracting area  at  MSC  is  construction. 

The  comparatively  new  center  is  still 

in  the  process  of  building  most  of  its 
major  buildings  and  facilities.  Total 
construction  will  top  $200  million — with 
almost  all  of  it  to  be  completed  in  the 
next  two  years. 

A  representative  list  of  the  types  of 
contracts  awarded  by  the  Center  in- 

cludes environmental  test  chambers, 
space  simulators,  spacecraft  landing 
systems,  analog  computing  systems,  ad- 

vanced manned  spacecraft  feasibility 
studies,  spacesuits,  spacecraft  guidance 
systems,  spaceflight  studies,  spacecraft 
propulsion  and  communication  systems, 
liquid  hydrogen  densitometer,  spacecraft 
power  and  spacecraft  electrical  systems. 

MSC  chief  procurement  officer  is 
Dave  W.  Lang,  Jr.  Small  business  spe- 

cialist is  H.  T.  Christman. 

Jet  Propulsion 
Laboratory 

The  Jet  Propulsion  Laboratory  is  re- 
sponsible for  NASA's  unmanned  lunar 

and  planetary  spacecraft  programs. 
The  center,  located  in  Pasadena, 

Calif.,  has  a  staff  of  3800.  It  is  operated 
for  the  space  agency  by  the  California 
Institute  of  Technology. 

Its  current  programs  have  a  total 
Fiscal  '63  authoriaztion  of  about  $239 
million.  This  could  grow  to  as  much  as 
$400  million  in  Fiscal  1964. 

The  programs  include  the  Ranger, 
Mariner,  Surveyor  and  Voyager  space- 

craft. Future  projects  planned  by  the 
center  include  Mercury  and  Jupiter  fly- 
bys  and  solar  and  comet  probes.  JPL 
also  directs  NASA's  deep-space  track- 

ing network  consisting  of  stations  lo- 
cated at  Goldstone,  Calif.,  Woomera, 

Australia,  and  Johannesburg,  South Africa. 

A  representative  list  of  center  con- 
tracts includes  spacecraft  design  and 

study,  telemetry,  satellite  power  sources, 
space  science  experiments,  spacecraft 
design,  data  processing  and  reduction, 
engineering  field  support,  equipment  sim- 

ulators, guidance  and  control  equipment, 
launch  vehicle  study,  component  evalua- 

tion and  camera  and  TV  equipment. 
T.  W.  Candee  directs  the  procure- 

ment office  and  Gordon  Lawrence 
serves  as  small  business  advisor. 

Goddard  Space 

Flight  Center 
The  Goddard  Space  Flight  Center, 

located  just  outside  Washington  in 
Greenbelt,  Md.,  is  responsible  for 
NASA's  Earth  satellite  and  sounding 
rockets  programs. 

It  is  also  the  nerve  center  for  track- 
ing computation  during  all  Earth  satel- lite Iaunchings  and  Project  Mercury. 
With  a  total  staff  of  2600  employees, 
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on  Polaris 

First-Stage 

Motor  Case 

Cooperative  R  &  D  by  Aerojet-General  and  U.S.  Polymeric 
has  resulted  in  the  use  of  Poly-Preg,  pre-impregnated  glass 
roving,  for  filament  winding  of  the  Polaris  A-3  first-stage 
motor  case. 

here  are  the  reasons . . . 

PRODUCTION  -  Poly-Preg  roving  is  advanced  to  the 
B-stage,  greatly  speeding  the  filament  winding  operation. 
Resin  baths  and  drying  stages  are  eliminated;  cure-cycle  time 
and  problems  are  minimized.  Filaments  stay  in  place  as 
they  are  Iayed-up  because  of  the  slight  tack  in  the  material. 
QUALITY-CONTROL  -  Poly-Preg  glass-to-resin  ratios  are 
held  to  tight  tolerances,  impregnation  is  thorough  and  even, 
mechanical  and  environmental  properties  are  consistent. 
Roving  is  thoroughly  inspected  and  tested  before  it  is  com- 

mitted to  the  structure.  Production  reproducibility  is  assured. 
PERFORMANCE  -  Poly-Preg  roving  assures  the  high 
strength-to-weight  ratio  of  the  precision-wound,  solid-propel- 
lant  motor  case  that  is  credited  with  improvement  of  missile 
range  and  performance. 
Request  Poly-Preg  Fact-File  on  your  letterhead,  indicating  areas 
of  interest.  Address  to  US.  Polymeric,  Santa  Ana,  California. 

©  1962  U.  S.  Polymeric  Chemicals 

C/> e/w/ca/s,  inc. 
STAMFORD.  CONNECTICUT 
SANTA  ANA.  CALIFORNIA UTRECHT,  HOLLAND 
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PROVEN  RELIABILITY* 

SOLID-STATE  POWER  INVERTERS 

over  260,000  logged  hours-  voltage-regulated, 

frequency-controlled,  for  missile,  telemeter,  ground] 

support,  135°C  all-silicon  units  available  now. 

Interelectronics  all-silicon  thyratron-like  gating  elements  and  cubit- 
grain  toroidal  magnetic  components  convert  DC  to  any  desired  number 
of  AC  or  DC  outputs  from  1  to  10,000  watts. 

Ultra-reliable  in  operation  (over  260,000  logged  hours),  no  moving 
parts,  unharmed  by  shorting  output  or  reversing  input  polarity.  Wide 
input  range  (18  to  32  volts  DC),  high  conversion  efficiency  (to  92%, 
including  voltage  regulation  by  Interelectronics  patented  reflex  high- 
efficiency  magnetic  amplifier  circuitry). 

light  weight  (to  6  watts/oz.),  compact  (to  8  watts/cu.  in.),  low 
ripple  (to  0.01  mv.  p-p),  excellent  voltage  regulation  (to  0.1%),  precise 
frequency  control  (to  0.2%  with  Interelectronics  extreme  environment 
magnetostrictive  standards  or  to  0.0001%  with  fork  or  piezoelectric 
standards). 

Complies  with  Mil  specs,  for  shock  (100G  11  misc.),  acceleration 
(100G  15  min  ),  vibration  (100G  5  to  5,000  cps.),  temperature  (to  150 
degrees  C),  RF  noise  (1-26600). 

AC  single  and  polyphase  units  supply  sine  waveform  output  (to  2% 
harmonics),  will  deliver  up  to  ten  times  rated  line  current  into  a  short 
circuit  or  actuate  MIL  type  magnetic  circuit  breakers  or  fuses,  will  start 
gyros  and  motors  with  starting  current  surges  up  to  ten  times  normal 
operating  line  current. 

Now  in  use  in  major  missiles,  powering  telemeter  transmitters,  radar 
beacons,  electronic  equipment.  Single  and  polyphase  units  now  power 
airborne  and  marine  missile  gyros,  synchros,  servos,  magnetic  amplifiers, 

Interelectronics— first  and  most  experienced  in  the  solid-state  power 
supply  field  produces  its  own  all-silicon  solid-state  gating  elements,  all 
high  flux  density  magnetic  components,  high  temperature  ultra-reliable 
film  capacitors  and  components,  has  complete  facilities  and  know  how 
—has  designed  and  delivered  more  working  KVA  than  any  other  firm! 

For  complete  engineering  data,  write  Interelectronics  today,  or  call 
lUdlow  4-6200  in  New  York. 

INTERELECTRONICS  CORPORATION 

2432  Grand  Concourse,  New  York  58,  H.  V. 
Circle  No.  77  on  Subscriber  Service  Card 

ASTRO  PROPERTIES,  INC. 
INVESTMENT  BUILDERS 

3230  Mercer    •    Houston    •    JA  2-2731 

Serving  the  needs  of  NASA/MSC  personnel  and  contractors 
Residential  &  Commercial  leases 

Condominium  Sales    •    Restaurants    •    Business  Services 

Current  Projects 
THE  COMMODORE  JONES,  Condominium  Apartments 

ASTRAL  TOWERS,  High  Rise  Apartments 
THE  EAGLE'S  ROOST,  Restaurant  &  Club 

Goddard-directed  programs  have  a  total 
Fiscal  1963  authorization  of  well  over 
$200  million.  They  include  all  of  the 
big  orbiting  observatories  as  well  as 
small  scientific,  weather  and  communi- 

cation satellites. 
Future  projects  may  include  a  new 

Radio  Astronomical  Observatory  and 
monitoring  satellites,  as  well  as  some 
solar  probe  work. 

A  representative  list  of  Goddard  con- 
tracts includes  satellite  power  sources, 

satellite  design,  cosmic  dust  detection 
system,  TV  camera  systems,  telemetry 
subsystems,  study  of  applicability  of  ion 
propulsion  engines,  magnetic  tape,  sta- 

bilization and  control  systems,  satellite 
orbit  studies,  operation  and  mainte- 

nance of  radio  tracking  facilities,  elec- 
tron-beam parametric  preamplifiers,  and 

fabrication  of  solar  collectors. 
Goddard  also  directs  the  work  of 

the  NASA  Pacific  Launch  Operation 
Office.  This  handles  NASA  polar  orbit- 

ing flights. 
Director  of  the  Goddard  procure- 

ment office  is  Gordon  H.  Tyler.  The 
small  business  advisor  is  Harry  T. 
OToole. 

Lewis  Research  Center 

The  shift  of  two  major  programs — 
the  M-l  hydrogen  engine  and  the  Cen- 

taur vehicle — to  the  Lewis  Research 
Center  from  Marshall  may  indicate  a 
greater  role  in  the  development  of 
large  rocket  powerplants  for  the  Cleve- 

land, Ohio,  facility. 
As  a  result  the  budget  for  the  cen- 

ter's program  has  jumped  from  $55 
million  in  Fiscal  '62  to  about  $200 
million  in  Fiscal  '63. 

The  Center  has  always  been  respon- 
sible for  basic  and  applied  research 

into  space  propulsion  and  power  gen- 
eration. Over  a  year  ago,  all  electrical 

propulsion  activity  was  concentrated  at 
Lewis;  one  engine,  an  ion  unit,  is  sched- 

uled for  flight  tests  next  Spring. 
In  addition,  the  Center  operates  the 

Plum  Brook  Station  at  Sandusky,  Ohio, 
site  of  a  60-megawatt,  water-cooled  nu- 

clear reactor.  Plans  for  a  huge  environ- 
mental test  chamber  capable  of  handling 

"hot"  nuclear  rocket  engines  are  in  the 
works,  but  budget  considerations  pre- 

vent its  final  design  and  construction. 
Typical  Lewis  projects  include  high- 

energy  propellants,  zero-g  effects  on 
pumping  and  storage,  propulsion  sys- tems for  soft  lunar  landings,  materials 
and  heat-transfer  research  related  to 
nuclear  rockets,  fluid  mechanics  and 
electrical  power  generation. 

The  Procurement  Officer  is  John 
Biggs  and  the  Small  Business  Specialist 
is  Norman  C.  Prahst.  Lewis  has  not  yel 
completed  its  management  organization 
on  the  M-l  program,  and  several 
studies  are  being  made  on  the  Centaur 
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WHEN  YOUR  NEED  IS 

IMMEDIATE  FOR  PROFIT 

MAKING,  DEPENDABLE, 

JET  OR  PISTON  TRANS- 

PORTS-AND  AT  THE 

RIGHT  PRICE -DOUGLAS, 

LOCKHEED,  CONVAIR, 

BOEING  OR  FAIRCHILD, 

YOUR  ONE  SOURCE 

SHOULD  ALWAYS  BE- 

GEORGE  BRINGHURST 

AND  DON'T  FORGET  ITU 
THESE  TRANSPORTS  NOW  FLYING  EVERY  DAY- 
SOON  TO  BE  RELEASED  FOR  FURTHER  SERVICE 

DOUGLAS:  TWO  DC-6As,  SIX  DC-6Bs,  FIVE  DC-6s,  TWO  DC-7CFs,  THREE  DC-7Fs,  FIVE  DC-7s. 
LOCKHEED  SUPER  CONSTELLATIONS:  TWO  1049Hs,  TWO  1049Gs.  LOCKHEED  CONSTELLATION: 
THREE  749As,  ELEVEN  049As.  BOEING:  TWO  707s.  CONVAIR:  TWO  440  METROPOLITANS,  THREE 
340s,  FIVE  240s.  FAIRCHILD:  FIVE  F27As. 

TELEPHONE  -  CABLE  -  AIRMAIL 

GEORGE  BRINGHURST 
BOX  59-2495  INTERNATIONAL  AIRPORT 

MIAMI  59,  FLORIDA,  U.S.A. 
TELEPHONE:  AREA  305  NUMBER  633-0639 

CABLE:  TEXAIR 



EQUIPMENT 

TOOLING 

SERVICE 

for  the  manufacture  of 
SMALL  AND  MICRO 
PRECISION  HOLES 

from  .0001"  dia.  in 

NOZZLES 
of  all  types  Including 

ROCKET  NOZZLES 
address  inquiries  to 

NATIONAL  JET  SALES  CORP. 
marketing  affiliate  of 

NATIONAL  JET  CO. 

NATIONAL  JET  DRILL  CO. 

12  Cupler  Drive-LaVale 
Cumberland,  Maryland 
Telephone,  area  code  301 

729-2300 
Cable  address,  NAJET 

Circle  No.  79  on  Subscriber  Service  Card 

Check  Speidel  first  for  your 
pressure  switch  requirements. 

CORPORATION 
INDUSTRIAL  DIVISION 

Pressure  Controls  Group  .  Warwick,  R.  I, 
European  Representative: 7  Rue  de  Phalsbourg,  Paris  17,  France 

Tel.  Carnot  41-97 

1  78  Circle  No.  80  on  Subscriber  Service  Card 

vehicle  program.  Both  programs  should 
be  in  hand  by  the  end  of  the  year. 

Launch  Operations 

NASA's  Launch  Operations  Center 
is  this  country's  space  port  to  the  Moon 
and  planets. 

Located  at  Cape  Canaveral,  LOC's 
primary  mission  is  the  construction  of 
launch  pads  for  Project  Apollo. 

It  also  serves,  however,  as  the 
launch  site  of  most  of  NASA's  un- 

manned scientific  satellite  programs  as 
well  as  Projects  Mercury  and  Gemini. 

The  biggest  contracting  item  at  LOC 
currently  is  the  construction  of  the  Ad- 

vanced Saturn  launch  complex  for  the 
manned  lunar  landing  program.  About 
$400  million  is  allocated  for  the  work 
in  Fiscal  '63,  and  construction  costs  are 
expected  to  rise. 

Future  projects  will  include  the 
Nova  launch  complex  as  well  as  a  site 
for  large  solid  boosters  when  they  are 
developed. 

A  representative  list  of  contracts  in- 
cludes cryogenic  storage  and  loading  fa- 
cilities, high-pressure  pneumatic  systems, 

sequential  and  metric  optical  systems, 
launcher  umbilical  towers,  environmen- 

tal control  systems,  closed-circuit  TV 
systems,  checkout  and  control  systems, 
tracking  equipment,  cabling,  acoustics 
instrumentation,  mobile  flame  detectors, 
telemetry  equipment,  metal  erosion 
studies,  launch  facility  concepts  for 
high-thrust  vehicles,  solid  propulsion 
launch  vehicle  studies,  and  launch  site 
hazard  studies. 

The  chief  procurement  officer  is 
Gerald  A.  Michaud.  Key  members  of 
his  staff  include  Thomas  M.  Davis, 
small  business  and  industry  advisor; 
Michael  E.  Haworth,  chief,  contracts 
branch;  and  George  M.  Lott,  chief, 
procurement  branch. 

SNPO 

The  Space  Nuclear  Propulsion  Of- 
fice is  a  joint  organization  set  up  by 

NASA  and  the  Atomic  Energy  Com- 
mission to  coordinate  work  on  programs 

of  interest  to  both  agencies.  In  Project 
Rover,  for  example,  AEC  is  responsible 
for  reactor  development  and  funding 
for  nuclear  aspects  comes  from  that 
agency,  while  NASA  develops  the  non- 
nuclear  components  and  integrates  the 
entire  engine. 

Funding  for  SNPO  is  at  $206.2  mil- 
lion for  Fiscal  1963,  of  which  $156.2 

million  is  for  operating  costs  and  $50 
million  for  construction.  By  agency,  the 

funding  is  $121.4  million  for  NASA's 
portion,  and  $84.8  million  for  AEC's reactor  development  program. 

Rover  encompasses  the  Kiwi  series 
of  flightless  reactors,  the  NERVA  (nu- 

clear engine  for  rocket  vehicle  applica- 
tions) engine,  and  the  RIFT  (reactor  in 

flight  test)  third  stage  for  space  use. 
In  addition  to  Rover,  which  is  a  solid- 
core  reactor  program  developing  pro- 

pulsive force  through  direct  heat  trans- 
fer to  low-molecular-weight  gas,  SNPO 

also  has  cognizance  over  SNAPS,  a 
reactor  intended  to  develop  electrical 
power  for  driving  an  electric-propulsion 
engine  in  space. 

Headquarters  of  SNPO  is  at  Ger- 
mantown,  Md.,  with  extensions  at  Lewis 
Research  Center,  Albuquerque,  N.M., 
and  at  the  Nuclear  Rocket  Development 
Station  (NRDS),  Nev. 

Typical  contracts  awarded  by  SNPO, 
a  separate  procurement  office,  are:  Re- 

search and  development  to  produce  a 
nuclear-powered  rocket  engine  includ- 

ing preliminary  design,  program  plan- 
ning and  testing;  technical  assistance 

and  consultation  on  engine  maintenance 
buildings,  engine  test  stands,  nozzle  test 
facilities,  and  liquid  hydrogen  facilities; 
R&D  for  engine  development  propel- 
lant-feed  systems;  compilation  of  a 
master  plan  for  studying  requirements 
of  NRDS;  and  perform  engineering 
studies  and  analysis  to  establish  final 
facility  design  for  nuclear  engine  test 
stand  #2  at  NRDS. 

Langley  Research 

Center 

Problems  associated  with  space  flight 
and  planetary  atmospheric  entry  are 
tackled  by  the  Langley  Research  Center, 
Hampton,  Va.  This  facility  is  respon- 

sible for  development  and  operation  of 
the  solid-propelled  Scout  launch  vehicle. 

Specific  space  activity  at  the  Center 
covers  work  on  heat  transfer,  materials, 
structures,  guidance  and  control  of 
satellites  and  spacecraft,  ballistic  mis- 

siles, antimissile  missiles,  and  boost- 
glide  and  winged  re-entry  space  vehicles. 
Langley  also  is  responsible  for  the  Echo 
passive  ComSat  series  and  Project  Fire. 

Representative  contracts  include  the 
construction  of  a  lunar  landing  facility, 
a  space  vehicle  rendezvous  and  docking 
simulator,  Scout  logistics  support,  in- 

flatable micrometeoroid  paraglider  sys- 
tems, feasibility  studies  into  self-erecting 

manned  space  labs,  re-entry  test  pack- 
ages and  the  innumerable  odds  and  ends 

associated  with  environmental  test  facil- 
ities. 

Sherwood  L.  Butler  heads  the  Pro- 
curement Division  and  Joseph  F.  Braig 

handles  small  business  contracts.  Tech- 
nical officials  handling  inquiries  are: 

Edwin  C.  Kilgore,  Chief,  Flight  Vehi- 
cles and  Systems  Division;  Ray  W. 

Hooker,  Chief,  Research  Models  and 
Facilities  Div.;  and  J.  C.  Messick,  As- 

sistant Chief  Technical  Services. 
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Del  E.Webb  Corporation 

Announces 

CLEAR  LAKE  CITY 

A  major  research  park,  industrial  park 

and  totally-planned  community 

—next  to  NASA /Houston 

Your  company  belongs  next  to 
NASA/Houston  —  at  Clear  Lake 
City.  This  15,000-acre  planned  com- 

munity flanks  the  Manned  Spacecraft 
Center  on  three  sides.  Campus-like 
research  and  industrial  areas  will  ad- 

join the  MSC. 
NASA/Houston  recently  announced 
acceleration  of  its  $150  million  con- 

struction program.  By  late  1963,  op- 
erations will  start  concentrating  at 

the  Manned  Spacecraft  Center  and  at 
nearby  Ellington  AFB.  Clear  Lake 
City  bridges  these  two  NASA  nerve 
centers. 

Clear  Lake  City  Research  Park 

occupies  1000  choice  acres  on  NASA's northwest  limits.  The  strategic  location 
and  meticulous  planning  of  this  park 
make  it  one  of  the  most  desirable  R&D 
locations  in  the  country.  The  Research 
Park  will  have  extensive  landscaping 
and  underground  utilities.  Architec- 

tural controls  will  help  achieve  har- 
mony without  regimentation. 

The  Industrial  Park,  with  identical 
improvements  and  controls,  will  ad- 

join the  Research  Park  on  the  south. 
An  Industrial  District  will  be  located 
in  the  northwest. 

First  class  office  space  suited  to 
technical  representatives  will  be  ready 
for  occupancy  next  spring. 

Clear  Lake  City  will  boast  a  fine 
motor  hotel,  apartment  buildings,  mo- 

bile home  park,  community  center, 
shopping  center,  model  homes  and 
country  club.  The  first  nine  holes  of 
an  18-hole,  four-season  golf  course 
will  be  playable  in  1963. 
Northeast  of  Clear  Lake  City,  7000 
acres  are  to  be  developed  for  heavy 
industry  by  Humble  Oil  &  Refining Company. 

For  detailed  information,  write  or 
call  W.  Lawrence  Prehn,  Jr.,  Resi- 

dent Manager,  Commercial  and  In- 
dustrial Development,  Del  E.  Webb 

Corporation,  900  Texas  National 
Bank  Buildine,  Houston  2,  Texas. 

Telephone  CApitol  8-0781.  Your  in- 
quiry will  be  treated  in  the  strictest 

confidence. 

Clear  Lake  City  is  a  project  of  Del  E. 
Webb  Corporation  for  Friendswood 
Development  Company. 

Del  E.Webb  Corporation 
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High  Mass  Flow 

•  Impellers 

•  Inducers 

•  Rotors 

IT  ¥ 

Area  Code  607-AR  2-8500 
1001  Hudson  Street  Ext.,  Ithaca,  New  York 

Circle  No.  62  on  Subscriber  Service  Card 

•  SCAN  CONVERSION 

-  FLICKERLESS 

DISPLAY  STORE 

>  VIDEO  STORAGE 
RECORDING  STORAGE  TUBE  SYSTEMS 

Single-gun,  dual-gun,  multi-tube 
systems  to  convert  scan  for  radar, 
sonar,  television,  and  to  perform 
analog  processing,  data  analysis, 
contract  or  expand  time  scale, 
auto  correlation. 

•  SLOWED  TELEVISION 
TRANSMISSION 
by  telephone  line  or  other  narrow- 

band systems. 

•  IMAGE  ENGINEERING 
OPTICAL  CHART  READERS,  FLY- 

ING SPOT  SCANNERS,  LOW-LIGHT- 
LEVEL  CAMERAS,  and  IMAGE 
RECTIFICATION.  Automatic  inspec- 

tion and  recognition  of  size,  shape, 
color,  and  texture. 

Write  or  call  for 
complete  information: 

INSTRUMENTS.  Inc. 

2300  Washington  Street Newton  62,  Massachusetts 
617    WOodward  9-8440   | 

Ames  Research  Center 

Manned  satellite  re-entry,  boost- 
glide  vehicles,  proposed  manned  inter- 

planetary and  lunar  craft,  ballistic  mis- 
siles and  life  support  systems  are  con- 

centrated at  the  Ames  Research  Center, 
Moffett  Field,  Calif. 

About  66%  of  the  Center's  pro- 
grams are  space-related,  and  include  a 

wide  variety  of  environmental  studies 
and  the  development  of  highly  special- 

ized simulation  apparatus,  as  well  as 
both  basic  and  applied  research  in  stab- 

ilization and  guidance. 
Ames'  Life  Sciences  Group  works 

in  areas  untouched  by  other  U.S.  re- 
searchers— such  fields  as  exobiology  or 

extraterrestrial  life  and  life  synthesis, 
environmental  biology  and  the  applica- 

tion of  biological  data  to  engineering 
problems  and  systems. 

Specific  contract  areas  include  the 
psychophysiology  of  stress,  motivation 
and  learning;  fundamental  studies  of 
fluid  mechanics  and  elastic  behavior  of 
the  vascular  system,  including  accelera- 

tion effects;  radiation  measurements  of 
the  radiobiological  hazards  to  man  in 
space;  sensory  testing;  high-altitude  bal- 

loon flights;  tactal  sensing  systems; 
solar-probe  attitude-control  studies; 
solar-cell  calibration  and  an  all-attitude 
inertial  reference  system. 

The  Procurement  Officer  is  A.  S. 
Hertzog.  Donald  E.  Davis  functions  as 
the  small  business  specialist. 

Flight  Research  Center 

The  Flight  Research  Center,  lo- 
cated at  Edwards,  Calif.,  is  responsible 

for  X-15  rocket  plane  and  other  high- 
speed flight  programs. 

As  a  result,  it  will  also  have  manage- 
ment responsibility  of  NASA's  portion 

of  the  Air  Force  Dyna-Soar  program. 
Further  in  the  future,  it  will  probably 
direct  the  aerospace  or  hypersonic  plane 
research  programs. 

FRC  is  one  of  the  space  agency's smaller  field  centers.  It  has  a  staff  of 330. 

Chief  procurement  official  is  Mor- 
ris E.  Bowling,  Lloyd  J.  Walsh  is  the 

small  business  specialist. 

Wallops  Station 

NASA's  Wallops  Station  is  the  space 
agency's  headquarters  for  Scout  booster 
launches  and  its  sounding  rocket  pro- 

gram. Payloads  include  re-entry  of  space 
flight  models,  models  on  manned  space 
flight  capsules,  ionized  layer  data-gather- 

ing and  other  sounding  devices. 
Some  200  research  vehicles  are 

launched  each  year. 
Wallops  is  also  the  prime  tracking 

and  command  station  for  the  Tiros 
weather  satellite  program. 

Procurement  officer  is  Louis  T. 
Birch.  Robert  H.  Bradfors  is  the  small 
business  advisor. 

Western  Operations 
All  liaison  responsibility  covering 

NASA  contract  activities  west  of  Den- 
ver is  handled  by  the  Western  Opera- 

tions Office,  Santa  Monica,  Calif.  Be- 
sides general  administrative  support  of 

the  various  agency  offices,  Western  Ops 
handles  specific  assignments  from 
NASA  Centers,  assisting  them  in  moni- 

toring their  contracts  with  West  Coast 
firms. 

In  some  cases.  Western  Ops  may 
be  asked  to  oversee  the  reliability  and 
inspection  aspects  of  a  contract — or  a 
center  may  seek  continuous  technical 
liaison  with  an  on-the-spot  project  en- 

gineer. In  other  instances,  the  business  of- 
fice of  Headquarters  or  a  Center  may 

have  Western  Ops  pay  contract  bills  in 
the  area,  ask  for  security  services  in 
contractor's  plants,  or  provide  legal 
and  patent  services. 

Director  R.  W.  Kamm  and  his  staff 
work  closely  with  the  directors  of  the 
four  Headquarters  Program  Offices  and 
NASA  Center  chiefs.  In  Fiscal  '62, 
Western  Ops  negotiated,  awarded  or 
administered  contracts  totalling  $267,- 
541,000  in  behalf  of  the  rest  of  the 
space  agency. 

Chief  contracting  officer  and  head 
of  the  Contract  Management  Div.  at 
Western  Ops  is  Earle  J.  Sample,  Jr. 
Paul  E.  Ross  is  the  deputy  chief. 

A  field  contract  administration  post 
is  in  operation  at  North  American 
Aviation's  Space  and  Information  Sys- 

tems Div.  Called  the  NASA  Office- 
Downey,  the  unit  is  analogous  to  a 
DOD  Plant  Representative  and  repre- 

sents NASA's  first  attempt  to  coordinate 
its  business  and  technical  activity  at  a 
contractor  facility. 

Northeastern  Office 

The  recently  established  Northeast- 
ern Office  eventually  will  perform  tech- 

nical liaison  and  contract  administration 
in  the  New  England  area. 

Currently,  the  office  located  in  Bos- 
ton, Mass.,  is  charged  with  developing 

cooperative  relationships  with  various 
universities  in  the  New  England  area 
as  well  as  with  the  burgeoning  group  of 
industries  in  that  region  concerned  with 
aerospace  matters. 

Since  its  establishment,  earlier  this 
year,  the  office  has  acquired  a  staff  of 
30,  but  has  still  not  set  up  its  organiza- 

tional structure.  Director  is  Franklyn Phillips. 
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experimental 

laboratory 

10,000  miles  long 

expandable  to 

girdle  the  earth- reach  230,000 
miles  to  the 

moon-and 

beyond 

ENGINEERS  and  SCIENTISTS  LOOKING  FOR  "BIG-SYSTEM"  CHALLENGES 
will  find  them  with  PAN  AM  at  the  Atlantic  Missile  Range. 
This  is  the  giant  laboratory  where  the  nation's  major  missile  systems  and  space  vehicles  come  for  their  crucial  flight  tests, 
research,  and  development,  under  a  true  operating  environment.  It's  more  than  hemisphere  long,  for  ballistic  missiles.  Linked 
with  other  national  ranges,  it  provides  orbital  coverage  and  impact  location,  as  in  recent  Mercury  launches.  Right  now,  Advanced 
Planning  Groups  are  working  to  raise  its  capabilities  to  encompass  recording  all  relevant  data  from  lunar  flights,  including  voice 
communications.  Already  solutions  for  problems  of  data  acquisition  from  the  interplanetary  missions  of  the  70's  are  under 
study.  □  Taken  all  together-this  is  a  task  of  great  magnitude  in  which  PAN  AM's  Guided  Missiles  Range  Division  is  by  no  means 
alone.  In  carrying  out  the  triple  responsibilities  assigned  the  Division  by  the  USAF  for  range  planning,  engineering,  and  opera- 

tion, PAN  AM  cooperates  with  many  segments  of  American  industry: 
•  GMRD,  by  designing  individual  range  instrumentation  systems  to  match  the  requirements  of  each  new  program,  collaborates 

with  Range  Users,  who  create  the  new  vehicles  and  spacecraft. 
•  GMRD  works  closely  with  the  radar,  telemetry,  computer  and  communication  industries  providing  specifications  and  technical 

direction  for  the  development  of  new  equipment. 
•  GMRD  and  its  subcontractors  operate  and  service  the  tracking  and  other  electronic  equipment  of  the  range. 
In  addition,  PAN  AM  provides  launch  and  operations  support  at  Cape  Canaveral  and  Down  Range. 

IF  YOU  ARE  INTERESTED  IN  CONTRIBUTING  TO  THE  NEW  RANGE  TECHNOLOGY,  INQUIRE  ABOUT  THE  FOLLOWING  POSITIONS: 

Systems  Engineers  &  Program  Managers,  EE,  Physicists  with  specialized  knowledge  in  any  major  area  of  range  instrumentation 
Instrumentation  Planning  Engineers,  EE,  Physicists  with  specialized  knowledge  in  advanced  instrumentation  systems 
Technical  Staff  &  Advance  Planning  Groups  MS,  PhD  — Physics  •  Electronics  •  Mathematics  •  Celestial  Mechanics  •  Astronomy 

Why  not  write  us  today,  describing  your  interests  and  qualifications  in  any 
of  the  areas  above.  Address  Dr.  Charles  Carroll,  Dept.  56L-4.  Pan  American 
World  Airways,  Incorporated,  P.O.  Box  4465,  Patrick  Air  Force  Base,  Florida. 
*Carrying  on  Range  Planning,  Engineering  and  Operation  of  Atlantic  Missile 
Range  forthe  USAF  since  1953.  An  equal  opportunity  employer. 

GUIDED  MISSILES  RANGE  DIVISION 

PATRICK  AIR  FORCE  BASE,  FLORIDA 
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DUKANE 
M ICROPHOTOGRAPH 

READER 
OFFERS  IMPORTANT  ADVANTAGES 
k  ■■     i 

Compact  unit,  takes 
only  a  square  foot 
of  desk  space; over- 

all dimensions  13" 
x  15"  x  19"  .  .  . 
screen  size  12"  x 
10'/2". 
Priced  low  to  war- 

rant quantity  pur- 
chases for  general 

use  in  engineering, 
purchasingand  gen- eral office  areas. 

A  new  low  cost,  top-quality  Reader  for 
35mm  aperture  mounted  microfilm  that 
provides  high  image  quality  and  excel- 

lent illumination  under  normal  lighting 
conditions.  Compactness  and  easy  oper- 

ation of  the  unit  was  achieved  through 
the  use  of  a  unique  scanning  device.  For 
complete  information  write  to: 

D JVE 
CORPORATION 

7348  NO.  11TH  AVE.,  ST.  CHARLES,  ILL. 
Circle  No.  85  on  Subscriber  Service  Card 

I  b  n  b  r 

lor  high  lomp  use 
SOCKET  HEAD  •  HEX  HEAD  • 
12  POINT  HEAD  •  FLAT  HEAD  • 
BUTTON  HEAD  •  AN-NAS  A  M.S. 

MAT— A  286  (AMS  5735) 
1300°  Effective  Temperature  Range 

Certified  to  government  specifi- 
cations, Mercury  High  Tempera- 
ture Fasteners,  available  in  a 

wide  variety  of  aircraft  and 
missile  standards,  provide 
dependable,  accurate  per- 

formance. Quality  Control 
at  Mercury  is  second  to 
none.  We  welcome  the 

opportunity  to  serve 
you,  regardless  of 

quantity.  Also available  in 
High  Strength 17-4  PH 

MS  5643) 

80  000- 
,000 PSI. 

Wrilr  for 
Catalog  No.  28$ 

rcury  air  parts  Co.,  Irtl 
Jefferson  Blvd..  Culver  City.  Calif  ! 
0-5923  •  Teletype:  CVR  CY  41381 
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products  and  processes- 

New  Product  of  the  Week: 

Cryotronics,  Inc.  subsidiary  of  Mal- 
aker  Laboratories,  Inc.  is  marketing  an 
a-c  resistance  bridge  (Model  ML  155- 
AC) — designed  to  provide  an  accurate 
means  of  measuring  values  of  unknown 
resistance — utilizing  very  low  power  on 
the  order  of  1  microwatt  or  less. 

The  bridge  is  designed  for  use  in  the 
Circle  No.  225  on  Sub 

Cryogenic  Bridge 

cryogenic  thermometry  field,  where  re- 
sistances are  used  as  temperature  trans- 

ducers. Temperature  range  is  limited 
only  by  the  type  of  transducer  used. 
As  the  bridge  is  highly  sensitive,  it  is 
possible  to  make  high-precision  meas- 

urements using  extremely  low  power 
dissipation  in  the  unknown  resistance. 
icriber  Service  Card 

Filter  System 

A  dynamic  tracking  filter  system  de- 
veloped by  Spectral  Dynamics  Corp. 

is  comprised  of  an  SD-1010  tracking 
signal  generator  that  can  drive  as  many 
as  four  specially  developed  SD-1012 
two-channel  tracking  filter  slaves.  Thus, 
a  single  system  can  provide  for  simul- 

taneous analysis  of  up  to  eight  channels 
of  real-time  information. 

The  driver  and  the  required  number 
of  slaves  can  be  housed  independently 
of  each  other,  or  a  complete  eight-chan- 

nel system  can  be  incorporated  in  only 
35-in.  of  space  in  a  standard  rack. 

Tubing  signal  frequency  range  of 
the  tracking  filter  system  is  2  cps  to  25 
kc  in  one  range,  and  dynamic  range  of 
the  SD-1012  is  60  db  for  filtered  signal 
output. 

Circle  No.  226  on  Subscriber  Service  Ca.-d 

Expansion  Gage 
Statham  Instruments  offers  Model 

MD-1,  an  instrument  to  determine  the 
thermal  coefficient  of  expansion  of 
materials. 

Portable  and  battery  powered,  the 
MD-1  meter  is  designed  for  use  in  both 
the  field  and  in  the  laboratory.  It  can 
read  either  the  expansion  or  contraction 
of  a  sample  of  a  given  material.  A  direct 

readout  in  microinches  per  inch  is  pro- 
vided when  the  multi-turn  potentiometer 

is  adjusted  to  null  the  indicator. 
Circle  No.  227  on  Subscriber  Service  Card 
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400  cycle 

constant-voltage 

transformer 

with 

SINE  WAVE 

output 

At  only  a  fraction  of  the  cost  of 
magnetic  amplifiers  this  all-new  Sola 
400-cycle  CVS  transformer  provides 
constant-voltage  sine-wave  output, 
with  maximum  3%  total rms harmonic 
content!  Output  suitable  for  air- 
ground  support  equipment,  missile 
test  and  operating  gear,  computers, 
data  processors,  communications 
equipment,  and  inverters.  Simplicity 
of  circuit  makes  the  CVS  remarkably 
rugged  and  reliable.  400-cycle  con- 

stant-voltage CVS  circuit  automati- 
cally insures  continuous,  close-toler- 
ance voltage  regulation  —  without 

sensing  detices  or  a  d-c  power  supply. 

120  VA  400-CYCLE  CVS 
TRANSFORMER  AND  CAPACITOR 

B 

F» 

C Division  of  Basic 
Products  Corporation 
SOLA  ELECTRIC  CO.,  1741  Busse  Road, 
Elk  Grove  Village,  Illinois,  HEmpstead  9-2800 
IN  CANADA,  SOLA  BASIC  PRODUCTS,  LTD 
377  Evans  Avenue,  Toronto  18,  Ontario 

It  responds  to  input-voltage  and  load 
fluctuations  far  more  rapidly  than  a 
magnetic  amplifier.  Also  reduces 
physical  requirements,  with  weight 
only  one-third  that  of  comparable  60- 
cycle  units.  New  400-cycle  CVS  trans- 

formers are  available  now,  from  stock, 

through  Sola  "Regulation  Headquar- 
ters" in  60  to  1000  va  range;  epoxy 

encapsulation  optional.  "Specials" 
also  readily  made  to  your  require- 

ments or  to  military  specifications. 
115-v  nominal  input  (95  to  130  v) ; 
118-v  regulated  output  ±1%;  load 
regulation  ±1%,  full  load  to  no  load. 
Write  us  for  full  details  and  prices. 
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ROCKET  MOTOR  AND 

ABLATIVE  MATERIALS 

SELECTOR  FILE!!!!!! 
Detailed  tabular  listing  of  29  important 
Poly-Preg  molding  compounds  and  tapes. 
Data  includes  reinforcement  material, 
resin  system,  11  critical  physical  proper- 

ties, significant  characteristics  and  typ- ical end  use. 
Write  U.S.  Polymeric  Chemicals  Technical 
Information  Service,  P.  O.  Box  2187, 
Santa  Ana,  California,  for  your  file  copy. 

Cnemjco/s.  Inc. 

Circle  No.  87  on  Subscriber  Service  Card 

MARKETING 

MANAGER 

SIMULATOR  SYSTEMS 

STARTING  SALARY 

TO  18,000 

We  are  looking  for  aggressive  and  knowl- 
edgable  men  to  direct  the  marketing  of 
our  Simulator  Systems  and  Training  De- 

vices. One  man  will  work  primarily  in  the 
aerospace  field,  while  the  others  will  con- 

centrate their  efforts  on  the  Army  and 
Air  Force.  You  will  report  directly  to  the 
Director  of  the  Laboratory. 

Applicants  should  have  several  years'  ex- perience in  the  electronics  industry,  knowl- 
edge of  the  simulator  and  training  field, 

and  some  contacts  in  NASA,  Army,  or  the 
Air  Force.  East-coast  location. 

Send  brief  resume  to  BOX  83. 
Missiles  &  Rockets  Magazine 

1001  Vermont  Ave.,  N.  W. 
Washington  5,  D.  C. 

An  equal  opportunity  employer 

Cryogenic  Valves 
B.  H.  Hadley,  Inc.,  is  marketing  the 

"CHV  Series"  line  of  cryogenic  shutoff valves. 
The  300#  Series,  like  the  150# 

class,  provides  relatively  Zero  leakage 
down  through  liquid  hydrogen  tempera- 

tures. Features  include  the  Hadley  de- 
veloped "Thermetic  Seal,"  compact 

size,  rugged  reliability  and  long  service 
life  with  proven  performance  in  test 
and  ground  handling  of  LHo,  LNo  and LOX. 

Circle  No.  228  on  Subscriber  Service  Card 

High-Power  Modulator 

The  high-power  oscillator  PG-650-C 
produced  by  the  Arenberg  Ultrasonic 
Laboratory  has  been  modified  to  per- 

form as  a  gater  modulator  as  well  as 
a  gater  amplifier  over  its  extensive  range 
from  300  kc  to  100  mc.  Performance 
is  obtainable  from  two  or  three  push- 
pull  stages  with  an  optional  suppressed 
carrier  mode.  CW  input  signals  from 
1-10  volts  from  a  high  impedance 
source  will  give  outputs  of  40-100  watts 
pulsed  output.  Background  CW  leakage 
is  80-100  db  below  pulsed  output.  Band- 
widths  of  10%  of  the  carrier  may  be 
obtained  allowing  for  FM  as  well  as 
audio  modulation.  Pulse  lengths  of  \'A 
to  20  usee  are  available  at  PRF  from 
50  to  over  3000  on  standard  units. 

Besides  numerous  applications  in 
electronic  testing,  the  instrument  is  de- 

signed for  ultrasonic  research  involving 
measurements  of  absorption  and  veloc- 

ity in  small  samples.  The  long  pulse  or 
interferometer  technique  requires  de- 

termination of  the  difference  in  fre- 

quency between  resonances.  By  setting 
the  carrier  (suppressed  or  not)  at  a 
peak,  the  frequency  of  the  gated  modu- 

lation will  give  the  difference  frequency 
directly  and  accurately. 

Circle  No.  229  on  Subscriber  Service  Cord 

Capacitor  Analyzer 

A  capacitor  analyzer  that  tests  units 
with  voltage  ratings  of  one  to  500  volts 
has  been  developed  by  Cornell-Dubilier 
Electronics  Div.,  Federal  Pacific  Elec- 

tric Co.  Model  BF-71  measures  capaci- 
tance without  causing  damage  to  capac- 

itors or  change  in  their  characteristics. 

The  BF-71  operates  on  115  volts, 
50/  60  cps  and  measures  capacitors 
with  values  ranging  from  10  mmfd  to 
2000  mfd.  Its  resistance  measurement 
range  is  2.5  ohms  to  25  megohms;  and 
its  current  measurement  range  is  2  mi- 

croamperes to  100  milliamperes.  These 
measurements,  including  voltages  from 
0  to  500  volts,  are  all  within  3%  ac- 

curacy (sensitivity  is  10,000  ohms  per 
volt).  The  analyzer  is  also  capable  of 
measuring  power  factors  up  to  50  per- cent. 

Circle  No.  230  on  Subscriber  Service  Card 

Portable  Communicator 

Raytheon  Co.  has  developed  a  port- 
able communicator  that  uses  a  pencil- 

thin  infrared  beam  to  set  up  the  long- 
distance "private  line."  The  device  can 

solve  communication  problems  at  mis- 
sile sites,  blasting  sites,  and  airfields. 
Messages  are  of  crisp,  radio  quality. 

A  built-in  speaker  also  serves  as  micro- 
phone. Even  when  users  are  2  to  3  ft. 

from  the  set,  the  voice  is  heard  loud 
and  clear. 

The  IR  communicator  can  be  used 
day  or  night  in  all  climates.  It  operates 
in  temperatures  ranging  from  zero  to 
130°  F. 

Circle  No.  231  on  Subscriber  Service  Card 

Etch  Resist  Spinner 

Transmask  Corp.  has  deveolped  an 
etch  resist  spinner  for  applying  even 
chemical  etch  resist  coatings  upon  sili- 

con wafers. 
Rapid  acceleration  to  operating  speed 

is  the  outstanding  feature  of  this  new 
machine.  Acceleration  from  stop  to  full 
speed  is  accomplished  in  less  than  one 
second  as  compared  with  conventional 
equipment  requiring  20-30  sec.  Rota- 

tional speeds  may  be  set  from  6000 

to  12,000  RPM.  ' 
This  unit  provides  a  high-speed 

vacuum  chuck  to  hold  and  spin  the 
semiconductor  wafer,  a  vacuum  pencil 
to  handle  parts,  and  a  built-in  vacuum 

pump. Circle  No.  232  on  Subscriber  Ser' 
184 missiles  and  rockets,  November  26,  1962 

i 



NASA'S  "MOON  BUG" 

4 -DAY  HOME  FOR  FIRST  LUNAR  EXPLORERS 

The  "moon  bug,"  more  formally  known  as  the  Lunar  Excursion 
Vehicle,  will  ferry  the  first  two  of  NASA's  lunar  visitors  from  an 
orbiting  Apollo  spacecraft  to  the  moon's  surface. 
For  as  long  as  four  days,  the  two  astronauts  will  explore  the  moon 
— one  of  man's  most  incredible  scientific  opportunities — using  the 
"moon  bug"  as  home  base.  Then  they  will  rendezvous  with  the 
mother  ship,  in  which  a  third  astronaut  will  have  been  circling 
the  moon.  They  will  re-enter  the  Apollo  command  module,  jettison 
the  "moon  bug"  and  head  for  Earth. 
It  will  happen  before  this  decade  is  over. 

This  venture  and  NASA's  many  other  advanced  projects  require 

scientists  and  engineers  with  the  highest  qualifications.  If  you 
are  interested  in  employment  with  NASA,  please  send  a  resume 
to  Personnel  Officer  of:  NASA  Headquarters  (BPH),  Washing- 

ton 25,  D.  C;  NASA  Goddard  Space  Flight  Center,  Greenbelt, 
Md.;  NASA  Langley  Research  Center,  Hampton,  Va.;  NASA 
Lewis  Research  Center,  Cleveland,  Ohio; 
NASA  Marshall  Space  Flight  Center,  Hunts- 
ville,  Ala.;  NASA  Ames  Research  Center, 
Mountain  View,  Calif.;  NASA  Flight  Research 
Center,  Edwards,  Calif. ;  NASA  Manned  Space 
Craft  Center,  Houston,  Texas;  NASA  Launch 
Operations  Center,  Cocoa  Beach,  Florida. 

NASA  IS  AN  EQUAL  OPPORTUNITY  EMPLOYER  (u.  S.  CITIZENSHIP  ESSENTIAL) 185 



Linearity  Verifier 
An  instrument  to  verify  linearity  of 

dial  indicators  and  pneumatic  and  elec- 
tronic gaging  cartridges  and  systems  is 

available  from  the  Sheffield  Corp.,  a 
subsidiary  of  The  Bendix  Corp. 

"Linearchek"  is  a  lightweight,  port- 
able hand-size  unit  providing  a  con- 

venient, fast  and  accurate  means  for 
checking  linearity  of  single  and  mul- 

tiple dimension  gaging  fixtures  using 
dial  indicators,  air  or  electronic  gaging 
cartridges  or  combinations  thereof.  It 
can  be  used  in  the  shop,  gage  lab  or 
receiving  and  inspection. 

The  instrument  uses  a  Sheffield 
Ultra-Precise  Micrometer,  guaranteed 
accurate  to  ±10  millionths  of  an  inch 

per  inch,  to  determine  linearity.  The 
micrometer  has  a  one-inch  range  and 
a  four  inch  diameter  barrel  with  reading 
to  10  millionths  of  an  inch  by  vernier 
scale.  Its  gaging  anvil  rotates.  A  rotat- 

ing thimble  is  provided  on  the  microm- 
eter to  facilitate  zeroing  it  with  the  in- 

dicating system  of  the  gage  to  be  in- 

spected. Circle  No.  233  on  Subscriber  Service  Card 

Stud-base  Rectifiers 

A  line  of  low-priced  stud-base  recti- 
fiers has  been  developed  by  the  Delco 

Radio  Div.,  General  Motors. 
The  1N3208  to  1N3212  series  has 

a  basic  current  rating  averaging  1 5  amps 
over  a  temperature  range  of  —  65  °C  to 
150°C.  The  rectifiers  maintain  full  rated 
reverse  voltage  capability  to  175°C 
which  extends  through  the  forward  cur- 

rent derating  range  of  150°C  to  175°C. 
Maximum  peak  reverse  voltage  rat- 

ings are  available  from  50v  to  400v. 
Maximum  RMS  voltages  in  the  series 
are  from  35v  to  280v.  Top  d-c  blocking 
voltages  range  from  50v  to  400v.  The 
units  withstand  peak  one-cycle  surge 
current  of  250  amps  at  150°C  case  tem- 

perature. The  new  rectifiers  are  avail- 
able with  either  cathode  or  anode  con- 

nected to  base,  the  latter  designated  by 
R  suffix. 

Circle  No.  234  on  Subscriber  Service  Card 

Bandswitching  Discriminator 
Available  from  Airpax  Electronics, 

Model  FDS4  bandswitching  discrimina- 
tor is  a  high-accuracy  demodulator  of 

frequency  modulated  telemetry  subcar- 
rier  signals  having  IRIG  or  similar 
characteristics.  Special  features  include 
a  precision  carrier  voltmeter,  precision 
offset  adjustment,  continuously  variable 
gain  control,  output  of  ±10  volts  at 
±100  MA,  carrier  failure  warning, 
ready  access  to  all  measuring  points, 
and  completely  modular  construction. 

The  input  sensitivtiy,  10  millivolts 
to  10  volts  RMS;  static  linearity, 
±0.1%;  output,  0  to  ±10  volts,  0  to 
±100  milliamperes,  ±ampere  available; 
output  noise,  at  least  60  db  below  peak 

is 

output  for  all  channels;  output  stability, 
less  than  0.3%  of  bandwidth  after  15 
min.  warmup;  power  requirement,  45 
watts,  105  to  125  volts  RMS,  50  to  60 
CPS. Circle  No.  235  on  Subscriber  Service  Card 

|  OFFICE  SPAC
E 

1  JUST  A  STEP 

|  AWAY..
. 

ACROSS  THE  STREET  FROM  NASA  —  HOUSTON 
Permanent  facilities  are  available  adjoining  the 
new  Manned  Spacecraft  Center  in  Houston.  The 
buildings  are  designed  to  accommodate  labora- 

tory, engineering,  clerical  and  administrative 
functions  with  sufficient  room  for  expansion. 
They  are  part  of  a  planned  community  of 
homes,  apartments,  shopping  and  recreation 
facilities.  Write  for  full  information. 

NASSAU  BAY 
Downtown  Office:  327  Houston  Bank  &  Trust  Bldg.,  Houston,  Texas 

U^Wft  SELF-
LUBRICATING SELF -ALIGNING  BEARINGS 

Available  in  Plain 
and  Rod  End 
Internal  and 

External  Types 

Combine  Life-Time  Lubrication 

with ®"Monoball"  Patented*  De- 
sign and  get  These  Advantages: 

1.  LOWER  COEFFICIENT  OF  FRICTION  -  ideal 
where  lubrication  is  impossible. 

2.  WITHSTAND  EXTREME  VIBRATION  -  perfect 
performance  undershock  load  conditions. 

3.  WILL  NOT  COLD  FLOW-even  under  extreme 
load  conditions. 

4.  IMPERVIOUS  TO  KNOWN  CHEMICAL  SOLVENTS 
—  eliminates  corrosion  problems. 

In  addition,  due  to  their  two-piece  "Monoball"® 
design  and  plastic  alloy  insert,  "DYFLON"®  Bear- ings have  a  long  cycle  life.  Alignment  and  installation 
problems  are  minimized.  Oil-free  for  life  means  lowest 
possible  maintenance  costs.  Available  in  bore  sizes  to 
3.000".  Materials  include  stainless  steel,  plastic  alloys 
and  chrome  alloy  steels.  Ultimate  static  loads  to 
500,000  lbs. 
•U.S.  Pat.  Nos.  2,626,841;  2,724,172;  2,728,975.  Others  applied  for. 

Request  Engineering  Bulletin  No.  551 

SOUTHWEST  PRODUCTS  CO. 
1705  So.  Mountain  Ave.,  Monrovia,  California 
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Project  Cap  Pistol 

"Cap  Pistol",  a  subminiature  rocket  motor,  is  as  simple 
as  its  namesake  in  concept  —  and  even  smaller  in  size. 
Developed  for  the  US  Air  Force  by  the  Wright  Aeronau- 

tical Division  of  Curtiss-Wright,  it  is  a  space  vehicle 
control  system  designed  to  guide  spacecraft  precisely  on- 
course  during  nights  outside  the  earth's  atmosphere. 

Cap  Pistol  fires  bits  of  solid  propellant,  each  an  indi- 
vidual rocket  motor,  to  make  possible  controlled  pitch, 

yaw,  and  roll  in  outer  space — where  the  mere  force  of  a 
whisper  can  maneuver  a  multi-ton  spacecraft. 

A  new  concept  in  rocket  propulsion  systems,  Cap 
Pistol  is  by  far  the  most  reliable  yet  devised  for  a  variety 
of  space  applications.  Cap  Pistol  can  be  stored  anywhere 
in  a  space  vehicle  without  regard  to  pressurization  or  time 
lapse — and  offers  a  sure-fire  ignition  capability  for  days, 
months,  years. 

Cap  Pistol  is  one  of  a  series  of  advanced  rocket 

engine  projects  being  conducted  by  the  Wright  Aeronau- 
tical Division  today,  for  the  spacecraft  of  tomorrow.  In- 

formation is  available  on  request. 

Wright  Aeronautical  Division 
CURTISS-WRIGHT  CORPORATION 

Main  and  Passaic  Streets  EgS  Wood-Ridge,  New  Jersey 
Circle  No.  90  on  Subscriber  Service  Card 
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INSULATION 
SPACER 

OUTER  VACUUM  JACKET 

designed 

BAYONET  TYPE 
END  FITTING 

OUTER  BRAID 

NNER  HOSE  AND 
PRESSURE  CARRIER 

INNER  BRAID 

CRYOGENIC 

transfer  LI  N  ES 

DK  manufactured  vacuum  jacketed  cryogenic 

lines  have  exceptionally  low  heat  exchange ! 

Take  a  close  look,  at  the  design  and  construction 
of  the  vacuum  jacketed  transfer  line  shown  here. 

You'll  quickly  see  why  it  answers  the  problem  of 
transferring  costly  cryogenic  materials  most 
adequately! 

•  Cryogenic  Storage  and 
Transfer  Devices:  Containers, 

Hose,  Ducting,  Piping 
•  Pressure  Vessels:  Titanium, 

Stainless,  Steel,  Inconel, 
Monel,  Aluminum,  Copper 
•  Certified  LOX  Cleaning 

Facilities 
•  Certified  Testing  Facilities 

•  Complete  Fabricating 
Facilities 

•  Approved  Quality  Control 

DK  has  combined  experience,  design  capability 
and  advanced  manufacturing  technique  into  pro- 

ducing a  wide  selection  of  vacuum  jacketed 
transfer  lines  constructed  of  flexible  metal  tub- 

ing, rigid  tubing  and  vacuum  jacketed  gimbals  in 
many  combinations.  These  cryogenic  lines  are 
finding  diverse  applications  in  Airborne  as  well 
as  G.S.E.  service.  Available  in  standard  sizes  or 
in  special  designs  to  meet  special  needs. 

Our  new  brochure  has  complete  information  in- 
cluding test  data.  Write,  wire  or  phone  for  a  copy 

today.  Ask  about  "vacuum  jacketed  cryogenic 
transfer  lines." 

ZD  K  M-A.3STTJITA.CTXJRirTC3-  COMPANY 

5059  South  Kedzie  Avenue  •  Chicago  32,  Illinois 

DUNBAR  DIVISION 

North  Island  Avenue  •  Batavia,  Illinois 
188 Orel*  No.  91  on  Subscriber  Sorvlc*  Card 
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Collins  communications  careers  point 

Every  American  voice  from  space  —  from  the  X-15  and  Mercury  —  has  been 

nications.  Now,  with  the  accent  on  reliability,  Collins  is  readying  extensive 

most  ambitious  U.S.  space  effort,  NASA's  Apollo  manned  lunar  spacecraft, 
leadership  in  space  communications,  Collins  requires  specialists  in  HF, 

tal  communications,  spacecraft  antennas,  TV,  radar,  modulation  tech- 

information  theory,  and  ground  systems.  If  you  are  the  E.E.,  M.E.,  Mathe- 

grow  with  these  projects,  write  Mr.  L.  R.  Nuss,  Collins  Radio  Company, 

UP 

carried  by  Collins  commu- 

systems  for  the  next  and 

□  To  further  extend  this 

VHF,  UHF  equipment,  digi- 

niques,  tracking  and  ranging, 

matician,  or  Physicist  who  can 

k    Dept. MR,  Cedar  Rapids,  Iowa. 



Multi-Throw  Switch 

high  temperature  valve 

( —  and  modified,  up  to  2200*  F.) 

for  handling  metal  vapors, 

molten  metals,  hot  gases 

and  fuels  — 

A  few  short  years  ago  900°  F.  was  considered 
"high"  temperature.  Since  then  the  needs  of 
the  aero  space  and  nuclear  industries  have 

pushed  the  "limits"  steadily  upwards. 
Valcor's  technological  growth,  over  the  years, 

has  allowed  it  to  transcend  these  frontiers. 

Series  420  is  the  result.  This  Js  not  a  theo- 
retical or  "paper"  design.  These  are  production 

valves.  As  illustrated,  it  is  used  by  industry  for 
1500°  F.  applications.  In  a  modified  form  it  is 
being  used  for  2200°  F.  service. 

Series  420  can  be  actuated  directly  or  re- 
motely— pneumatically,  electrically  or  manually. 

It  is  a  floating  shear  seal  type  of  valve  with 
straight  through  flow  which  can  be  modulated. 

For  complete  details  on  this  and  other  valve 
series,  write  today  for  Catalog  M  109. 

VALCOR  ENGINEERING  CORP. 
5362  CARNEGIE  AVE.,  KENILWORTH,  N.  J.,  CH  5-1665  (AREA  CODE  201) Circle  No.  106  on  Subscriber  Service  Card 
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American  Electronic  Laboratories,  Inc.,  has  developed 
a  coaxial,  multi-throw  switch  useful  for  broadband  operation 
over  the  range  of  0.3  to  7  gc,  and  available  in  SP4T  and 
SPDT  models  with  characteristics  comparable  to  those  of 
SPST  units. 

Insertion  losses  are  as  low  as  1.2  db  and  isolation  as 
great  as  43  db  in  portions  of  the  band.  Switching  speed  is 
in  the  nanosecond  range. 

Circle  No.  236  on  Subscriber  Service  Card 

Transducer 

A  high-performance  digital-output  pressure  transducer 
is  available  from  Statham  Instruments,  Inc.  The  Model  P606 
converts  pressure  into  a  7-bit  unambiguous  binary  code  out- 

put that  divides  the  pressure  into  128  discrete  parts.  Output 
can  be  read  visually  or  can  be  fed  directly  into  a  magnetic 
tape  system,  typwriter  system,  etc. 

The  unit  pressure  measures  are  from  0-1  psi  through 
0-1000  psi  FS;  absolute,  gage  and  differential.  Combined 
non-linearity  and  hysteresis  is  less  than  ±  1  %  FS.  Input  is  1 
to  10  volts;  output  is  a  7-bit  binary  code,  1  to  10  volts.  The 
instrument  operates  over  a  temperature  range  of  — 65°F  to 
250°F.  Thermal  zero  and  sensitivity  shift  is  less  than 
0.01%FS/°F. Circle  No.  237  on  Subscriber  Service  Card 

Low-Level  Amplifier 

The  Redcor  Model  361  offered  by  Redcor  Corp.,  is 
designed  for  data  acquisition  and  other  systems. 

This  self-powered  unit  is  a  completely  solid-state  d-c 
amplifier  that  includes  choppers.  Bandwidth  is  unaffected 
by  gain  change,  and  the  common  mode  rejection  ratio  in- 

creases in  direct  proportion  to  an  increase  in  amplifier  gain. 
Specifications  of  Model  361  include:  gain  accuracy  of 

10  to  1000,  ±0.02%;  gain  linearity  of  10  to  1000,  ±0.01%; 
input  impedance  of  1000  meg;  drift  of  ±3x  gain  ±300  uvolts; 
noise  of  10  uv  rms  at  100  KC,  20  uv  p-p  at  1  KC  and  4  uv 
p-p  at  30  cps;  settling  time  of  20  usee  to  0.01%  and  com- 

mon mode  rejection  of  120  db  dc-150  cps. 
Circle  No.  238  on  Subscriber  Service  Card 

Waveguide  Switch 

Waveguide,  Inc.,  is  marketing  a  C-band  switch  incor- 
porating a  cocking  mechanism  that  will  switch  parts  in  a 

total  time  of  only  30  milliseconds  and  requires  no  holding 
current. 

The  switch,  a  single-pole  double-throw  or  four-part  trans- 
fer type,  uses  a  motor  drive  to  cock  a  drive  spring  while  the 

rotor  is  latched  prior  to  receiving  a  switching  signal.  When 
a  switch  pulse  is  received,  the  latch  releases  the  rotor  and 
it  is  moved  to  the  new  position  by  spring  action.  Switching 
time  is  12  milliseconds  for  rotor  travel — 30  milliseconds 
total  reaction  time. 

Circle  No.  239  on  Subscriber  Service  Card 

Wire  Stripper 

A  Thermal  wire  stripper  available  from  Sentry  Elec- 
tronics, Inc.,  eliminates  nicking  of  wire  during  stripping 

operations.  The  specially  designed  heating  element  melts  the  j 
wire  covering  and  anneals  the  inner  copper  wire,  making  it 
more  flexible  and  eliminating  wire  breakage. 

Variable  temperatures  are  provided  for  Teflon,  Formvar, 
Nyclad,  Vinyl  and  other  plastic  coverings.  Length  of  the 
wire  to  be  stripped  can  also  be  regulated  for  production stripping. 

Circle  No.  240  on  Subscriber  Service  Card 

missiles  and  rockets,  November  26,  1962? 



>H  YTHEON  will  build 

APOLLO  Guidance  Computer 

NASA  has  selected  Raytheon's  Missile  and  Space 
Division  to  produce  the  digital  guidance  computer 
for  the  APOLLO  manned  lunar  exploration  pro- 

gram. This  computer,  located  in  the  spacecraft, 
will  serve  as  the  mission  nerve  center  during  the 
entire  APOLLO  flight.  It  will  receive  the  outputs 

of  each  of  the  guidance  system's  sensors. 
Data  will  be  processed  by  the  computer  for 

automatic  control  of  certain  flight  functions  and 
for  presentation  to  the  crew  to  permit  the 
optimum  exercise  of  human  intelligence  during 
the  mission.  The  computer  will  be  used  for  all 
phases  of  the  APOLLO  mission. 

Under  its  NASA  contract,  Raytheon  will  pro- 
vide engineering  support  on  the  computer  design 

to  the  M.I.T.  Instrumentation  Laboratory,  which 
has  design  responsibility  for  the  complete 
APOLLO  guidance  system.  In  addition,  Raytheon 
will  produce  the  computers  which  will  be  used 
on  APOLLO  flights. 

The  selection  of  Raytheon  for  this  key  role  in 
the  APOLLO  program  is  but  one  indication  of 

Raytheon's  rapidly  expanding  space  program  and 
demonstrates  that  in  the  space  age,  as  in  the  past, 
Raytheon  means  Excellence  in  Electronics. 

Engineers  or  scientists  interested  in  a  challeng- 

ing career  in  Raytheon's  space  and  missile  pro- 
grams are  invited  to  contact  Mr.  W.  F.  O'Melia, 

Raytheon  Company,  Missile  and  Space  Division, 
Bedford,  Massachusetts. 

RAYTHEON 



SOLID  PROPELLANTS 

GAS  GENERATORS 

ROCKET  MOTORS 

BALLISTIC  DEVICES 

PROPELLANTS BALLISTIC  DEVICES 

Ammonium  Nitrates 
Polysulfide/Perchlorates 
Plastisol/  Perc  hi  orates 
PBAA  Perchlorates 

Low  Flame  Temperature, 
slow  burn  rates,  smoke- 

less, and  castable  are 
features  of  our  ammoni- 

um nitrates.  High  ener- 
gy, fast  burn  rates  and 

castable  are  features  of 
our  perchlorates.  All  pro- 
pellants  have  been  test- 

ed from  — 65°F  to  160°F. 
Some  have  been  tested 
to  200°  F. 

Linear  Actuators 
Rotary  Actuators 
Rnckpt  CatannltQ 

Explosive  Fasteners 
Actuators  with  strokes  of 
fractions  of  an  inch  to 
9  feet  or  more  and 
thrusts  from  several  to 
several  hundred  thou- 

sand pounds.  Gas  gener- 
ators with  burning  times 

up  to  5  minutes.  Sepa- 
ration devices  contain  all 

gases  and  have  no  frag- 
mentation. 

HIGH  RELIABILITY 

^  EXCELLENT  SERVICE 

4fc  ON-TIME  PERFORMANCE 

These  and  other  features  of  our  small,  fast 
growing  company  have,  within  the  past  three 
years,  resulted  in  our  products  being  used  on 
the  following  majorweapon  and  space  systems: 

MINUTEMAN B58 T33 F5A 

TITAN F100 T38 B52 
AGENA B66 F104 X20 

We  have  complete  facilities  for  research,  development, 
testing  and  production  of  propel lants  and  devices. 

4551  E.  McKELLIPS  RD.,  MESA,  ARIZONA 

Field  Engineers  in:  Los  Angeles,  Seattle,  Dayton and  Washington,  D.  C. 

Immediate  openings  exist  for  qualified  engineers  and 
scientists.  Call  or  send  resume  to:  G.  E.  Hirt,  President. 

An  equal  opportunity  employer 
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Measuring  System 

An  electronic  measuring  system  which  combines  the 
capabilities  of  many  separate  laboratory  instruments  is  avail- 

able from  Technitron,  Inc. 
The  Technitron  990  consists  of  a  basic  indicator-ampli- 
fier unit,  a  series  of  plug-in  circuit  modules  and  several 

probes  permitting  a  variety  of  electrical  quantities  to  be 
measured  in  one  system. 

Voltage  measurements  in  23  ranges  from  a  5-mv  mini- 
mum to  a  30-kv  maximum  and  input  resistance  of  100 

teraohms  with  1  percent  FSD  accuracy  are  provided.  The 
system  also  allows  d-c  current  readings  from  10  picoamps  to 
three  amps  in  21  ranges.  Resistance  measurements  are  from 
1  ohm  to  100  megohms  mid-scale,  and  10  kilohms  to  10,000 
megohms  FSD. Circle  No.  241  on  Subscriber  Service  Card 

Ultra-High  Vacuum  Chamber 

The  CVU-18  ultra-high  vacuum  chamber  is  available 
from  Consolidated  Vacuum  Corp.  With  an  ultimate  vacuum 
of  5  x  10-10  torr,  the  unit  is  useful  for  space  simulation, 
vapor  deposition,  materials  analysis,  solid-state  research  and 
a  variety  of  other  applications.  It  attains  a  vacuum  of  2  x 
10~9  torr  approximately  four  hours  after  bakeout. 

The  CVU-18  approach  combines  chamber  bakeout,  baked 
sorbent  trapping,  water-cooled  baffling  and  diffusion  pump- 

ing. The  sorbent  material,  Zeolite,  can  easily  by  replaced 
or  regenerated,  without  need  of  a  liquid  nitrogen  supply  or 
other  cryogenic  equipment. 

Circle  No.  242  on  Subscriber  Service  Card 

Accelerometer 

A  tri-axis  strain  gage  accelerometer  which  measures  ac- 
celeration along  three  mutually  perpendicular  axes  is  mar- 

keted by  Consolidated  Electrodynamics  Corp. 

Acceleration  ranges  available  are  from  ±5  g's  to  ±500 
g's.  Cross-axis  response  is  less  than  0.01  g  per  g  for  ranges 
through  ±100  g.  Operable  temperature  range  is  —  70  °F  to 
+  300°F.  Combined  effects  of  linearity  and  hysteresis  do  not 
exceed  ±0.75%  of  full  range  output  for  each  axis. 

The  mounting  structure  of  the  4-204  is  fitted  with  three 
factory-interchangeable  accelerometer  modules.  Each  mod- 

ule consists  of  a  four-active-arm,  spring-type  unbonded  strain 
gage  element  and  a  seismic  mass  damped  by  the  shear  action 
of  a  viscous  fluid. 

Circle  No.  243  on  Subscriber  Service  Card 

VHF  FM  Transmitter 

A  solid-state  3-watt  VHF  FM  transmitter  meeting  opera- 
tional specifications  for  aerospace  applications  is  available 

from  Electronic  Communications,  Inc.  ECI  Model  503A, 
covering  the  215-260-mc  range,  can  be  operated  continuously 
at  an  ambient  temperature  of  85°C.  It  is  electrically  and 
mechanically  designed  to  operate  under  any  pressure  from 
three  atmospheres  to  vacuum. 

The  transmitter  can  withstand  100-g  acceleration  and 
100-g  impact,  as  well  as  the  vibration  experienced  in  a  space 
vehicle. 

Cirle  No.  244  on  Subscriber  Service  Card 

Monitor  Receiver 

Spartron  Electronics,  division  of  Sparton  Corp.,  has  de- 
veloped an  electronic  equipment  monitor  receiver,  ID993/ 

ASQ-67  in  accordance  with  Alri  document  No.  ALR-547. 
The  receiver  has  26  preset  channels,  tunes  1,750  channels 
and  has  FM-FSK  reception.  It  has  an  electroluminescent 
lighting  panel  and  is  completely  crystal  controlled.  Direct 
frequency  readout  is  provided. 

Circle  No.  245  on  Subscriber  Service  Card 

missiles  and  rockets,  November  26,  1962 



HOW  6  TRANSISTORS  CAN  WORK 

7  TIMES  HARDER  WITH  ONLY  HALF  TRYING 

Sound  like  a  riddle?  Well,  it  was  . . .  almost.  Here's  the  story. 
Delco  Radio  engineers  wanted  to  build  a  precision  static  inverter 
that  was  smaller,  simpler,  lighter,  more  economical  and  con- 

siderably more  powerful  than  previous  models. 

Research  hit  on  the  idea  of  current  feedback.  Following  this 
principle,  the  engineers  designed  an  amazing  in- 

verter using  only  6  transistors.  Transistor  utilization 
is  stepped  up  7  times,  yet  the  transistors  work  at 
less  than  50%  of  their  capacity,  run  cooler,  last  longer. 

fa  report  from  Delco  Radio) 
This  new  Delco  250  VA  power  supply  converts  28  volts  DC  to 
115  volts,  400  cps.  Its  circuits  are  a  model  of  simplicity. 

The  unit  is  designed  for  continuous  full-load  operation  at  71 
degrees  C.  still  air,  yet  weighsonly  10  lbs.,  measures6!4 "  x  73/s"  x  5". 
A  minimum  of  components  assures  extra-high  reliability. 
The  250  VA  Static  Inverter  is  practical  hardware  today,  awaiting 

your  inquiry.  Delco  Radio  may  be  able  to  solve  your 
LCO     problem  in  miniaturization,  modules,  inverters  or 

rvi/S     converters,  too.  Write  to  Delco  Radio  Military  Sales D I  w     Department,  Kokomo,  Indiana. 
EU  ABILITY Division  of  General  Motors  •   Kokomo,  Indiana 

Circle  No.  101  on  Subscriber  Service  Card 
195 



macrosolution 

to  microtesting:  v 

the  new 

"Micro-gator" 
an  alligator  clip 
with  a 

microscopic  tip! 

A  clip  for  use  where  no  other  will  do.  For 
testing  in  the  tightest  of  spots. ..on  printed 
circuits,  transistors,  diodes,  crowded  ter- 

minals. Completely  insulated  right  down 
to  the  nose. 
CLIP:  New  keyed-in  hinge,  tra- 

ditionally   snappy    Mueller  %M 
springs.  Wire-clinching  ears. 

INSULATOR:  Skin-tight  Vinyl  Hal°  sizE insulator.  (Sold  separately.) 
Lip-action  tip  slot.  Two  stand-  ->/'^ui ard,  and  four  special  colors, 
At  jobbers'  everywhere. 
Write  factory  for  free  sample  packet  (Micro- 
gator,  Insulator,  Complete  new  Catalog 
of  all  Mueller  Clips  and  Insulators). 

1577B  EAST  31st  STREET    •     CLEVELAND  14,  OHIO Circle  No.  109  on  Subscriber  Service  Card 

CAREER  APPOINTMENT 

CHIEF 

ENGINEER 

For  Staff  of  450 

An  outstanding  career  position  with  me- 
dium sized  plant  employing  approximately 

1,000  persons  of  which  450  will  report  to 
Chief  Engineer.  Starting  salary  to  $22,000 
and  potential  to  advance.  Will  direct  the 
following  engineering  activities:  aerospace 
systems,  digital  communications,  advanced 
equipment,  field  engineering,  technical 
publications  and  engineering  services. 
Plant  is  located  in  residential  suburb  of 
Washington,  D.  C. 
Respondents  should  have  a  BS  or  ad- 

vanced degree  in  Electronics  and  experi- 
ence at  the  department  or  section  level, 

where  groups  of  engineering  and  support 
personnel  were  supervised. 
All  replies  will  be  treated  in  absolute  con- 

fidence and  will  be  answered  without  de- 
lay. Send  brief  resume  to 

BOX  84 

Missiles  &  Rockets  Magazine 
1001  Vermont  Ave.,  N.W. 

Washington  5,  D.  C. 
An  equal  opportunity  employer 

contracts  and  procurements 

AWARDS 
AIR  FORCE 

$21,800,000 — Massachusetts  Institute  of  Technol- 
ogy, Cambridge,  for  defense  research  and 

development. 
$6,225,000 — International  Telephone  &  Telegraph 

Co.,  New  York  City,  for  installation  of  com- 
munications and  command  control  for  Minute- 

man  missile  sites  at  Whiteman  AFB,  Mo. 
$5,001,422— Aerojet-General  Corp.,  Azusa,  Calif., 

for  research  and  development  work  on  Titan  II 
propulsion  systems  at  Sacramento. 

$4,750,000— Hallicrafter  Co.,  Chicago,  for  air- 
borne and  ground  electronic  equipment  (sup- 

plemental contract). 
$1,800,000— Radio  Corp.  of  America,  New  York 

City,  for  final-stage  vehicle  and  services  in 
support  of  space  programs  at  Burlington,  Mass. 
(supplemental  contract). 

$1,122.930 — Electronic  Communications,  Inc.,  St. 
Petersburg,  Fla.,  for  communication  equipment and  services. 

$1,000,000— Lockheed  Aircraft  Corp.,  Burbank, 
Calif.,  for  work  on  space  programs  at  Sunny- vale. 

$197,000— Mellon  Institute,  Pittsburgh,  for  a  study 
of  electronic  collision  cross-sections. 

Lockheed-California  Co.,  Burbank,  Calif.,  for  a 
study  of  the  aerospace  future  of  expandable 
structures  that  may  orbit  Earth  or  journey 
to  other  planets  (undisclosed  amount). 

ARMY 
$3,936,660— Atlantic,  Gulf  and  Pacific  Co.,  New 

York  City,  for  dredging  and  fill  work  on 
Titan  III  complexes  at  Cape  Canaveral. 

$3,618,500— Gahagan  Dredging  Co.,  Tampa,  Fla., 
for  dredging  work  on  Complex  39  at  Cape 
Canaveral. 

NAVY 
$6,925,000— Goodyear  Aircraft  Corp.,  Akron, 

Ohio,  for  continued  research  and  development 
on  the  Subroc  missile  system. 

$5,881,478 — Philco  Corp.'s  Communications  and Electronics  Dir.,  Philadelphia,  for  production 
of  guidance  and  control  systems  for  Sidewinder 1-A  missiles. 

$4,225,600— Maryland  Shipbuilding  and  Drydock- 
ing  Co.,  Baltimore,  for  activation,  repair  and 
conversion  of  the  guided  missile  ship  Norton 
Sound  to  a  Typhon  weapons  system  evaluation ship. 

$2,200,000— Aerojet-General  Corp.,  Azusa,  Calif., 
for  long-lead-time  items  for  the  Mark  46  tor- 

pedo test  program. 
$1,849,353— Hughes  Aircraft  Co.,  Los  Angeles,  for 

fire-control  simulator  training  equipment  for the  Polaris  program. 
$1,819,848 — Sanders  Associates,  Inc.,  Nashua, N.H.,  for  classified  electronics  equipment. 
$1,800,000— Texas  Instruments,  Inc.,  Dallas,  for 

continued  research  and  development  on  the Shrike  missile  system. 
$383,000— Vitro  Corp.  of  America's  Vitro  Labo- 

ratories Div.,  Silver  Spring,  Md.,  for  hardware items. 
NASA 

$494,000— Hughes  Aircraft  Co.,  Culver  City, 
Calif.,  for  design  and  test  of  an  ion  engine 
system  exerting  a  "gentle  nudge"  of  space 
power  to  keep  "stationary"  satellites  on  pre- cision orbits  around  the  earth. 

$227,303— Noble  Co.,  Oakland,  Calif.,  for  installa- 
tion of  a  pneumatic  and  electric  distribution 

system  on  Pad  B  of  Complex  37  which  will 
be  used  for  Block  II  Saturn  vehicles. 

$71,000 — Image  Instruments.  Inc.,  Newton,  Mass., for  development  of  a  scan  converter  for  study- 
ing alternate  television  techniques  to  be  ap- plied in  transmitting  slow-scan  television  from 

spacecraft  to  standard  home  television  receivers. 
University  of  Michigan,  Ann  Arbor,  for  radio astronomy  experiment  instrumentation  for  EGO 

and  OGO  series  scientific  satellites  (undisclosed amount) . 

REQUESTS  FOR  BIDS 

GENERAL  PROCUREMENTS 

Ogden  Air  Materiel  Area 
Attn:  Directorate  of  Procurement  and Production 
Hill  Air  Force  Base,  Utah 
FSN  13758945689MA29  cartridge  assembly 

launch  gear  for  GAM-72  launch  system — 1300 
each.  Delivery  to  Hill  Air  Force  Base,  Utah.  RFP 
No.  42-600-63-1302-Q.  Bid  opening  12-5-62.  Ade- 

quate drawings  and  specifications  are  not  avail- 
able and  will  not  be  furnished.  Requests  for  pro- 

posals have  been  issued  to  the  McDonnell  Aircraft 
Co.,  St.  Louis,  Mo.  and  the  American  Machine 
and  Foundry  Manufacturing  Co.,  Niles,  111.  For 
further  information  contact  J.  F.  Meadows/ 
OOPAM,  Hill  Air  Force  Base,  Utah. 

Department  of  the  Navy 
Bureau  of  Naval  Weapons 
Washington  25,  D.C. 
The  Bureau  of  Naval  Weapons  contemplates 

award  of  a  contract  to  Vitro  Laboratories,  Divi- 
sion of  Vitro  Corp.,  Silver  Spring.  Md.,  for  serv- ices and  materials  necessary  to  conduct  a  training 

program  on  the  Terrier  guided  missile  weapon 
system.  Award  will  be  made  on  the  basis  of  a 
continuation  of  a  program  previously  undertaken 
by  the  above  firm.  This  notice  is  made  for  in- 

formation purposes  only.  C/N  2321-63.  BuWeps 
Synopsis  No.  149-63. 

Ogden  Air  Materiel  Area 
Attn:  Directorate  of  Procurement  and 

Production 
Hill  Air  Force  Base,  Utah 
PropeUant  charges,  FSN  1336-709-8320.  Appli- 

cable to  Gar  3/3A/4A — 2492  each.  Delivery  to 
Olmstead  Air  Force  Base,  Pa.  RFP  No.  42-600-63- 
1301-Q.  Approximate  RFP  due  date  12-1-62.  Ade- 

quate drawings  and  specifications  are  not  avail- 
able and  will  not  be  furnished.  Requests  for  pro- 

posals have  been  issued  to  the  following  firms: 
Hughes  Aircraft  Co.,  Culver  City,  Calif,  and 
Amoco  Chemical  Corp.,  Seymour.  Ind.  For  fur- ther information  contact  J.  F.  Meadows/OOPAM. 
Hill  Air  Force  Base,  Utah. 

Direct  Support  (Guided)  Division 
Directorate  of  Procurement  and  Production 
U.S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
Power  supplies,  Lambda  Model  71,  for  use  as 

a  comopnent  of  the  ENTAC  missile  teBt  equip- ment. Delivery  destination  is:  Letterkenny  Army 
Depot,  Chambersburg,  Pa.,  50  each.  Lambda 
Electronics  Corp.  developed  this  item  and  has 
applied  for  a  patent.  Documentation  is  not  avail- able; therefore,  it  was  determined  that  competitive 
procurement  was  not  feasible.  All  inquiries  rela- 

tive to  subcontracting  opportunities  should  be 
referred  to  the  Lambda  Electronic  Corp.,  5 
Broad  Hollow  Rd.,  Huntington,  L.I.,  N.Y 

la- 
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Bureau  of  Naval  Weapons 
Washington  25,  D.C. 
The  Bureau  of  Naval  Weapons  contemplates 

entering  negotiations  with  the  following  firms  for 
a  quantity  of  fuzes,  guided  missile  MK  34  MOD 
2:  (1)  Eastman  Kodak  Co.,  A&O  Div.,  400 
Plymouth  Ave.,  North.  Rochester.  N.Y.,  (2)  El- 

gin National  Watch  Co.,  Communications  Div., 
366  Bluff  City  Blvd.,  Elgin,  111.,  (3)  General  Time 
Corp.,  Westclox  Div.,  LaSalle.  111..  (4)  Hamilton 
Watch  Co.,  West  End  and  Columbus  Aves.,  Lan- 

caster, Pa.,  (5)  Bulova  Watch  Co..  Bulova  Park, 
Jackson  Heights,  N.Y.,  (6)  E.  Ingraham  Co.,  392 
N.  Main  St.,  Bristol,  Conn.  This  notice  is  made 
solely  to  inform  potential  subcontractors  of  the 
proposed  procurement.  Small  business  firms  and others  interested  in  subcontracting  opportunities 
should  contact  the  above  firms  direct  referencing 
C/N  0227-63.  BuWeps  Synopsis  No.  147-63. 

missiles  and  rockets,  November  26,  1962 



RS  SCIENTISTS 

READY  TO  MAKE 

1  THE  TRANSITION 

■  FROM  INERTIAL 

TO 

STELLAR- 1  NgTIA^YSTEMS 

If  you  are  in  the  inertial  field  now,  you 
_  are  undoubtedly  the  kind  of  technical 

man  who  prefers  to  work  in  demanding 
frontier  areas... for  it  is  only  7  years  X" 

:ince  inertial  guidance  for  ICBM's  was 
only  a  dream  on  the  drawing  boards  of 
a  handful  of  companies.  □  If  you  par- 

cipated  — as  engineers  and  scientists 
at  General  Precision  Aerospace  did  — in 

'inging  missile  inertial  systems  into 
the  realm  of  practicality  —  you  will  be 

eady  and  eager  to  move  into  the  new 
pioneer  guidance  area  — hybrid  stellar- 

inertia!  systems.  □  We  suggest  you  take  , 
l  a  close  look  at  opportunities  available 

with  General  Precision  Aerospace. 
□  This  is  one  of  few  firms  in  the  coun- 

try with  a  full,  in-house  capability  to 
design,  develop  and  provide  systems 
management  for  stellar-inertial  systems. 

Here  the  STINGS  stellar-inertial  program 
for  the  Air  Force  is  just  phasing  out. 

Among  its  recent  awards  is  the  respon- 
bility  for  providing  a  stellar-inertial 

guidance  and  control  system  for  MMRBM 
-Mobile  Mid-Range  Ballistic  Missile.  □ 
litions  are  available  with  the  Systems 

Division  on  MMRBM  and  on  a  diversity 
of  other  advanced  electronic  systems 

programs  as  well,  including: 
|  development  of  electronic  instru- 

mentation and  ground  checkout 
equipment  for  guidance  test 

complex  at  a  major  Air  Force 
Development  Center 

■  marine  and  avionic  guidance 
systems 

i  space  vehicle  telemetry 

inquire  about  immediate  assignments  at  senior  and  intermediate  levels 

Senior  Staff  Analysts System  Synthesis Project  Engineers Operational  Ground  Equipment 
Analytical  engineers  with  thorough  knowledge  of  feedback  control  and 
inertial  guidance  systems  will  find  conceptual  problems  in  Mass  Simu- 

lations, Guidance  Equation  Mechanization,  Numerical  Analysis,  Air- borne Digital  Computer  Analysis,  Stellar  Navigation,  Flight  Control, 
Digital  Systems,  Targeting,  Re-entry  Prediction  and  Trajectory  Optimi- 

zation. Initial  contributions  can  be  on  terrestrial  or  ballistic  guidance 
systems  involving  stellar-inertial  techniques. 
Staff  Engineers  Inertial  Guidance  Systems  Engineering 
Systems  engineers  with  comprehensive  knowledge  of  inertial  guidance 
systems  will  specify  and  integrate  stable  platform,  gyro,  celestial 
tracker  and  airborne  digital  computer  subsystems  into  state-of-the-art 
stellar-inertial  guidance  systems. 
Staff  Engineers  Digital  Controls  &  Displays 
Senior  and  intermediate  instrumentation  engineers  with  space  or  air- 

craft control  panel  display  experience  in  CRT's,  simulators,  trainers, indicators  to  specify  systems  design  for  digital  computer  and  display 
compatibility.  MS  or  BSEE  with  experience  in  self-checking  systems. 
Staff  Engineers  Vehicle  Engineering 
Senior  analytical  engineers  with  vehicle  subsystems  experience  capable 
of  individual  contributions  during  early  department  staffing  in  these 
fields:  Aerothermodynamic  Analysis  —  Shock  waves  and  Thermal  den- 

sity variation.  Power  Plant  Analysis  —  Solar,  Battery,  Thermo,  Nuclear 
or  Electro-static.  Natural  or  Induced  Environmental  Analysis  —  Airborne 
Compartments— Noise,  Shock,  Vacuum.  Acoustics  and  Thermal  Controls. 

All  positions  offer  potential  management  levels  in  a  department  con- 
cerned with  predicting  vehicle  effects  on  guidance  and  control  systems. 

Inertia!  guidance  engineers  with  operational  missile  systems  experi- 
ence (Polaris,  Atlas,  Minuteman,  etc.)  can  move  on  to  a  new  and  more 

sophisticated  system  and  can  contribute  to  the  formulation  of  a  new 
environmental  test  facility,  analysis  of  system  test  requirements,  moni- 

tor and  integrate  sub-contracted  GSE  design  or  evaluate  established 
land  and  sea  navigation  systems  for  guidance  alignment  errors. 

Staff  Engineers  Flight  Test  Analysis  &  Planning 
Guidance  system  engineers  with  both  flight  test  planning,  analysis  and 
operational  experience  implementing  missile  flight  test  programs  can 
enter  a  stellar-inertial  guidance  program  from  concept  and  follow 
through  to  flight  test  on  site.  Engineering  would  entail  complete  flight 
test  plan  from  design  to  launch,  evaluation  of  flight  test  data  from 
FM/FM,  PCM/FM  telemetry  and  external  tracking  radar  or  the  design 
of  airborne  missile  telemetry  and  radar  tracking  systems  for  external development. 

Project  Engineers Digital  Systems 
Digital  systems  engineers  to  specify  and  apply  airborne  digital  com- 

puters to  stellar-inertial  guidance  systems.  Experience  should  include 
digital  system  synthesis,  inertial  guidance  systems  design  or  airborne 
computer  programming  with  extensive  work  in  numerical  analysis. 

Scientific  Programmers  Analog  &  Digital 
To  solve  in  conjunction  with  system  engineers  complex  mathematic 
analysis  problem  in  servo  and  error  analysis,  mass  simulations,  opti- 

mum trajectories,  re-entry  prediction  or  airborne  computer  program- 
ming. MS  or  BS  in  Math  with  machine  experience  on  the  PACE,  RPC 4000  or  IBM  7000  series  machines  desirable. 

There  are  additional  openings  in  such  areas  as: 
HUMAN  FACTORS  PSYCHOLOGY  •  MISSILE  FLIGHT  CONTROL  •  RELIABILITY;  QUALITY  ASSURANCE 

Write  in  professional  confidence  to  Mr.  Paul  Kull,  Dept.  2B 
KEARFOTT  DIVISION 

HOI 

1150  McBRIDE  AVENUE,  LITTLE  FALLS, 
An  Equal  Opportunity  Employer 

SYSTEMS  DIVISION 

RESEARCH  CENTER 
NEW  JERSEY 
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To  arrange  a 
mutually 

convenient 
interview,  send 
your  resume  to 
Mr.  W.  Brown, 

Manager 
Engineering 
Employment 
Department 

GR86 

Grumman  will  negotiate  the  contract  to  design,  develop  and 
fabricate  the  NASA  Lunar  Excursion  Module  (LEM)  which  will 

be  used  to  achieve  the  Apollo  program's  goal  of  landing  astronauts 
on  the  moon.  Boosted  by  a  three-stage  Saturn  C-5  vehicle,  the 
Apollo  spacecraft  will  enter  lunar  orbit  and  the  LEM  will  separate 
from  the  spacecraft  to  begin  its  epoch-making  descent  to  the  lunar 

surface.  Later,  it  will  launch  itself  back  into  orbit 
and  rendezvous  with  the  Apollo  Command  and 

Service  Modules  permitting  the  lunar  astro- 
nauts to  return  to  earth,  while  the  LEM  is 

jettisoned  into  lunar  orbit.  The  Lunar  Ex- 
cursion Module  and  other  space  programs 

at  Grumman  are  creating  unprecedented 
professional  opportunities  at  the  company. 
The  momentum  generated  by  these  efforts 
make  Grumman  an  ideal  professional  en- 

vironment for  scientists  and  engineers  who, 
like  ourselves,  are  determined  to  make  the  un- 

known known.  Those  qualified  are  invited  to  explore  positions 
immediately  available  in  the  following  areas. 

Analytical  Engineering 
Acoustics  and  Environmental 

Vibration 
Vibration  Testing 
Space  Dynamics 
Guidance  Dynamics 
Control  Dynamics 
Programming 
Aero/Space  Frame  Systems 

Integration 
Rocket  Propulsion  Systems 
Heat  Transfer  & 

Thermodynamics 
Gas  Dynamics 

Design  Engineering 
Energy  Absorption  Systems 
Light  Weight  Space  Vehicles 
Pressure  Vessels 
Equipment  &  Lines  Installation 
Environmental  Control 
Rocket  Propulsion  Systems 
Rocket  Propulsion  System Testing 
Airborne  Equipment  Design 

Electronic  Engineering 
Antenna  Design 
Radar  Systems 
Communications  Systems 
Navigation  &  Guidance 
Stabilization  &  Control 
Infrared  Systems 

Optical  Systems  Including 
Lasers 

Space  Power  Supplies 
Digital  Data  Processing 
Logical  Design 
Digital  Systems  Programming 
Television  Systems 
Displays  and  Controls 
Ground  Support  Equipment 
Stabilization  &  Control 

Systems  Technology 
Systems  Synthesis 
Systems  Analysis 
Systems  Integration 
Data  Processing  Systems 
Sensor  Systems 
Control  Systems 
Systems  Simulation 
Programming  Analysis 
Human  Factors 
Reliability  Analysis 
Component  Parts  Analysis 
Reliability  Test  Engineering 
Engineering  Statistics 
Weight  Control Part  Task  Trainers 

Instrumentation 
Transducers 
Digital  Techniques 
Analog  Systems 

Research 
Astrophysics 
Plasma  Physics 
Applied  Mathematics Materials  Research 
Nuclear  Physics 

Equipment  &  Process Engineering 
Test  Equipment  Engineering 

(Rocket  &  Electronic) 
Welding  Engineering 
Chemical  Process  Equipment 

Engineering 

Manufacturing  Engineering 
Jig  &  Fixture  Design 
Methods  Engineering 
Metal  Forming 
Welding  Fixtures  Design 
Numerical  Control 

Programming 
Cost  Analysis 
Support  Equipment  Engineering 
Optical  Engineering  & 

Metrology 

Plant  Layout 

Administration 
Preparation  of  Procurement 

and  Test  Specifications 
Project  Planning 

GRUMMAN 

AIRCRAFT  ENGINEERING  CORPORATION 

Bethpage  •  Long  Island  •  New  York 
An  equal  opportunity  employer 
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BIG 

THINGS 

HAPPEN 

IN 
GEORGIA 

ROPER  HYDRAULICS,  INC.  is  over  100  years  old, 
and  as  a  newcomer  to  Georgia,  it  is  building  some 
of  the  finest  machinery  in  the  world. 

ROPER  designs  fuel  pumps  for  jet 

aircraft  engines,  to  handle  un- 

matched temperatures  and  pres- 
sures. ROPER  has  adapted  Georgia 

workers  to  learn  high  degree  of  manufacturing 

Industrial  development  specialists  at  Georgia  Tech  have 
prepared  detailed  potential  reports  on  many  industries  and 
products.  They  offer  a  wealth  of  valuable  data,  with  many 
findings  applicable  to  your  own  operations.  A  list  of  these 
reports  is  available  upon  request.  Special  reports  on  specific 
situations  may  be  arranged  without  obligation. 

ROPER 

ROTARY  PU  MPS 

skills  —  resulting  in  a  new  team  effort  that  is 
making  important  contributions  to  the  space  age 

and  the  security  of  our  country. 

Georgia  has  proven  that  it  is  a  good 
place  to  build  and  grow.  The  same 
opportunities  are  here  in  abundance 

—  to  help  your  own  business  ex- 
pand and  prosper  in  a  most  favorable  climate. 

SI 

"/  personally  invite  you  to.write  me  for  the  latest  facts on  profitable  new  business  opportunities  in  Georgia." Ernest  vandivek.  Governor 
100  State  Capitol,  Atlanta,  Georgia   Dept.  m-ii 
NAME  
ADDRFSR  
CITY  _STATE  
GEORGIA  DEPARTMENT  OF  COMMERCE 

Circle  No.  112  on  Subscriber  Service  Card 
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Can  Your  Salesman  Call 

On  Him?  armed  forces  management 

DOES— twelve  times  a  year. 
Over  20,000  other  Defense  executives  just  like  him  receive  and 
read  AFM  each  month.  AFM,  the  publication  written  and  edited 

for  the  military  forces  of  the  free  world,  ensures  sales  continuity 

by  directing  the  publication  to  job  title,  not  individual.  Conse- 

quently, your  sales  message  will  always  reach  the  military  or  civil 
service  Defense  manager  in  the  position. 

Advertise  in  AFM,  the  only  across-the-board  Defense  oriented 

publication-sell  to  the  top  Defense  executives  of  all  services  each 
month. 



Fovd  Iti&tvwinent  Does  It  With  Digits: 

Symbolized  above  is  Ford  Instrument's  proven 
configuration  of  the  "strap-down"  inertial  guidance 
or  navigation  system.  The  "strap  down"  concept 
replaces  the  stable  platform  .  . .  gyros  are  mounted 
directly  to  the  vehicle  frame  and  the  platform 
functions  are  performed  by  a  digital  computer. 

Developed  by  Ford  Instrument,  this  system  offers 
unprecedented  space  and  weight  savings  together 
with  flexibility  as  to  placement  of  components 
and  adaptability  to  sensor  design  changes. 

The  "strap-down"  program  was  initiated  as  an  ASD 
study  at  Wright-Patterson  Air  Force  Base.  The 
concept  has  been  proven  sound  through  an  extensive 
flight  test  program 

Innovations  such  as  this  are  evidence  of  Ford 

Instrument's  well-balanced  capability  for  rapid  and 
successful  accomplishment  of  research  and 
development  assignments:  creativity  tempered  by 
practical  experience;  technical  talents  effectively 
directed  by  a  dynamic  management  team. 

FORD  INSTRUMENT  CO. 
DIVISION  OF  SPERRY  RAND  CORPORATION 

31-10  Thomson  Avenue,  Long  Island  City  1,  New  York 



Mod  ART-750 5  x  8  x  41/2  inches less  than  15  lbs. 
750  ft.  tape  capacity 

Mod  TR  1875 
41/4"  dia.  x4%"  long less  than  3'/2  lbs. 14  channels  k 

names  in  the  news- 

ROUND  TRIP  RECORDING 
Shown  are  two  examples  of  Concertone  high 
environment  miniature  magnetic  recorders 
tested  and  proven  in  the  field.  These  highly 
compact  and  sophisticated  data  recorders  have 
not  only  been  designed  for  acquisition  of  infor- 

mation under  severe  environmental  conditions, 
but  equally  important,  have  been  engineered 
to  survive  and  operate  after  the  shock  and 
vibration  of  a  missile  or  satellite  round  trip. 
Light  in  weight  and  reliable,  they  have  a  wide 
variety  of  applications.  Other  miniature 
recorders  available  include  endless-loop, 
satellite,  sled-  and  missile-borne  types. 

J 
AMERICAN  CONCERTONE,  INC. 
A  DIVISION  OF  ASTRO-SCIENCE  CORPORATION 9449  W,  JEFFERSON  BLVD.  •  CU LVER  CITV,  CALI F.  •  UPlon  0-7245 

Ralph  Vecchio:  Chief  engineer  of  Pica- 
tinny  Arsenal's  Propulsion  Test  Unit,  Tech. Services  Lab.,  Dover,  N.J.,  awarded  the 
1962  Army  Research  and  Development 
Achievement  Award. 

Jess  W.  Sweetser:  Elected  a  vice  presi- 
dent of  the  Martin  Marietta  Corp.,  Balti- 

more. 

Dr.  Herbert  Trotter,  Jr.:  Elected  chair- 
man of  General  Telephone  &  Electronics 

Laboratories  Inc.,  New  York  City.  Dr. 
Lee  L.  Davenport  succeeds  him  as  presi- 
dent. 

Robert  F.  Campana:  Appointed  man- 
ager of  procurement  for  Sylvania  Elec- 
tronic Systems,  Buffalo,  N.Y. 

Alexander  S.  Jerrems:  Technical  direc- 
tor of  Hughes  Aircraft  Co.'s  aerospace group,  Culver  City,  Calif.,  appointed  a 

consultant  to  the  U.S.  Air  Force. 

John  Vergeichik:  Appointed  director  of 
engineering  for  Fairchild  Camera  and  In- 

strument Corp.'s  Defense  Products  Div., Clifton,  N.J. 

Donald  F.  Malcolm:  Appointed  Wash- 
ington, D.C.,  representative  for  the  Boeing 

Co. 
Jack  D.  Samuelson:  Named  assistant 

vice  president  and  administrative  manager 
for  Emerson  Electric's  Electronics  and 
Space  Div.,  St.  Louis. 

George  W.  Leisz:  Named  vice  president 
and  general  manager  of  the  inertial  naviga- 

tion product  division  of  Autonetics,  a  divi- 
sion of  North  American  Aviation,  Inc., 

Downey,  Calif. 

Chester  C.  Pond:  Appointed  assistant 
to  the  president  of  General  Atronics  Corp., 
Philadelphia. 

John  E.  Woodward:  Named  corporate 
director  of  material  for  Texas  Instruments 
Inc.,  Dallas. 

Earl  C.  Vicars:  Appointed  technical 
director  of  Hexcel  Products,  Inc.,  Berkeley, 
Calif. 

Dr.  Milton  M.  Slawsky:  Director  of 
Engineering  Services,  Air  Force  Office  of 
Scientific  Research,  elected  a  Fellow  Mem- 

ber of  the  American  Rocket  Society. 

Zelmer  Barson:  Named  engineering 
program  manager,  missiles  and  space,  for 
the  Cleveland  Pneumatic  Div.  of  Pneu- 
moDynamics  Corp.,  Cleveland. 

John  Mibalic:  Promoted  to  group  vice 
president  of  Avco  Corp.,  Cincinnati.  Jack 
L.  Bowers  named  vice  president  and  gen- 

eral manager  of  the  Electronics  Div.,  Cin- 
cinnati, and  L.  R.  Zimov  named  vice  pres- 

ident and  general  manager  of  the  Ordnance 

Div.,  Richmond,  Ind.  Wayne  D.  Hudson  is 
vice  president  and  general  manager  of  the 
Aerospace  Structures  Div.,  Nashville, Term. 

Herbert  I.  Ackerman:  Named  regional 
sales  manager  in  the  mideast  for  Motorola 
Semiconductor  Products,  Inc.,  Clifton,  N.J. 

Billy  J.  Blackwell:  Appointed  applica- 
tions engineer  for  Clary  Dynamics  Corp., 

Huntsville,  Ala. 

William  F.  Cairns,  Jr.:  Appointed  ex- 
ecutive vice  president  and  vice  president- 

manufacturing  of  the  Maxson  Electronics 
Div.  of  Maxson  Electronics  Corp.,  New York  City. 

Dr.  Harry  J.  Watters:  Appointed  chief 
defense  engineer,  defense  engineering  group 
Radio  Corp.  of  America,  New  York  City. 

Albert  E.  Keleher,  Jr.:  Named  director 
of  marketing  for  the  Industrial  Defense 
Group  of  Bulova  Watch  Co.,  Inc.,  Jack- 

son Heights,  N.Y. 

Richard  A.  Davis:  Appointed  assistant 

general  manager  of  the  Marquardt  Corp.'s Power  Systems  Div.,  Van  Nuys,  Calif. 

C.  R.  Kazebee:  Named  manager  of  the 
research  and  development  program  for 
Autonetics'  improved  Minuteman  missile, 
Downey,  Calif. 

Allen  V.  Hazeltine:  Appointed  patent 
counsel  and  head  of  the  patent  department 
for  Philco  Corp.,  Philadelphia. 

Dr.  James  B.  Fisk:  President  of  Bell 
Telephone  Laboratories,  chosen  to  receive 
the  1963  Industrial  Research  Institute 
Medal. 

Robert  W.  Stieg:  Named  chief  engineer 
at  FWD  Corp.,  Clintonville,  Wis.  Wesley 
H.  Peters  named  general  sales  manager. 

Harry  H.  Pfeiffer:  Promoted  to  manager 
of  operations  support  for  Pan  American 
Airways'  Guided  Missile  Range  Div.,  Cape 
Canaveral. 

Richard  E.  Vought:  Named  general 
manager  of  Microwave  Components  and 
Systems  Corp.,  Monrovia,  Calif. 

William  F.  Newbury:  Named  produc- 
tion manager  for  Century  Electronics  & 

Instruments,  Inc.,  Tulsa,  Okla. 

Dr.  Robert  M.  Whitmer:  Appointed 

marketing  manager  for  TRW's  Space  Tech- nology Laboratories,  Redondo  Beach, 
Calif. 

Walter  A.  Holt:  Named  vice  president 
of  Whirlpool  Corp.,  Benton  Harbor,  Mich. 

Dr.  S.  Baron:  Promoted  to  director  of 
nuclear,  process  and  aerospace  engineering, 
Burns  and  Roe,  Inc.,  New  York  City. 
T.  Y.  Mullen  promoted  to  director  of 
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power  engineering,  and  M.  A.  Forrest  vice 
president  in  charge  of  project  operations 
and  a  director  of  the  company,  made  re- 

sponsible for  all  production  engineering 
and  design. 

Earl  Gregory:  Named  Minuteman  pro- 
gram manager  for  Raytheon  Co.'s  Semi- conductor Div.,   Mountain  View,  Calif. 

Richard  E.  Darnell:  Appointed  vice 
president  of  the  Kenrich  Corp.,  New  York 
City. 

Dr.  Leland  M.  White:  Elected  vice 
president  for  research  and  engineering  and 
a  member  of  the  operating  policy  com- 

mittee of  the  United  States  Rubber  Co., 
New  York  City. 

Bliss  M.  Bushman:  Elected  vice  presi- 
dent-engineering at  Consolidated  Systems 

Corp.,  Monrovia,  Calif.  Alan  B.  Dallas 
elected  vice  president-field  engineering. 

General  Thomas  D.  White,  Dean  B. 
Cowie  and  Thomas  W.  Jones:  Elected  to 
the  Board  of  Directors  of  Aeronca  Manu- 

facturing Co.,  Middletown,  Ohio. 

Harris  D.  Gilbert:  Named  director  of 
contracts  and  planning  for  Martin  Co.'s Nuclear  Div.,  Baltimore. 

Richard  A.  Hayes:  Appointed  market- 
ing manager  of  the  Syosset,  N.  Y.  division 

of  Fairchild  Camera  and  Instrument  Corp.'s Defense  Products  Div. 

Dr.  Robert  W.  Dentsch:  Named  physics 
consultant  in  the  engineering  department 
of  Martin  Marietta  Corp.'s  Aerospace  Div., Baltimore,  Md.  Dr.  William  J.  Levedahl 
named  engineering  manager  for  compact 
reactors.  John  Psarouthakis  named  engi- 

neering manager  of  thermionic  power  sys- 
tems and  William  A.  Vogle  named  super- 

visor of  the  division's  critical  facility laboratory. 

Ronald  G.  Heath:  Appointed  sales  en- 
gineer for  Electronic  Memories,  Inc.,  Los 

Angeles. 

Gordon  Jones:  Named  supervisor  of 
the  production  estimating  section  in  the 
Manufacturing  Operations  Div.  of  Adler 
Electronics,  Inc.,  New  Rochelle,  N.  Y. 

Dr.  Robert  S.  Codrington:  Appointed 
manager,  product  engineering  for  Varian 
Associates'  Instrument  Div.,  Palo  Alto, Calif. 

Robert  O.  Gardner:  Appointed  director 
of  engineering  of  Calibration  Standards 
Corp.,  Alhambra,  Calif. 

Vernon  L.  Smith:  Appointed  chief  en- 
gineer at  Radiation  Inc.,  Palo  Alto,  Calif. 

Gene  E.  Tallmadge  appointed  assistant 
chief  engineer. 

Arthur  E.  Thake:  Named  vice  president 
of  manufacturing,  Consolidated  Vacuum 
Corp.,  subsidiary  of  Bell  &  Howell  Co., 
Rochester,  N.  Y. 

Douglas  A.  Buddenhagen:  Named  head 
of  the  laser  products  section  of  the  ground 
systems  group  of  Hughes  Aircraft  Co., 
Fullerton,  Calif. 
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editorial . . . 

The  NASA  Budget 

CONGRESS  WILL  FACE  one  of  its  most  impor- 
tant responsibilities  in  reviewing  the  Fiscal  1964 

budget  of  the  National  Aeronautics  and  Space  Ad- 
ministration. Not  the  least  of  the  questions  which 

must  be  answered  is  this  one:  "Is  the  Administration 
devoting  every  resource  to  achieving  manned  lunar 

landing  before  the  Russians  do?" 
There  are  high  officials  in  NASA  who  do  not  be- 

lieve that  it  is. 
There  is  no  question  that  a  great  amount  of 

money  is  being  spent  on  our  manned  spaceflight  pro- 
grams. 

But  we  cannot,  as  a  nation,  be  frightened  at  the 
sheer  size  of  the  NASA  budget.  We  must  ask,  is  it 
enough  to  do  the  job?  And  it  must  be  kept  clearly  in 
mind  what  that  job  is. 

The  national  goal  is  not  the  landing  of  a  team  of 
U.  S.  astronauts  on  the  Moon  in  this  decade.  The 
goal  is  landing  them  there  before  the  Russians  ac- 

complish the  same  feat. 
Until  it  is  publicly  acknowledged  that  our  na- 

tional objective  has  been  changed,  we  must  provide 
all  the  financial  support  required  to  do  the  job. 

The  President  has  not  declared:  "We  will  make 
every  effort  to  beat  the  Russians  to  the  Moon  within 
a  $5.5-billion  budget." 

He  has  not  declared:  "We  will  make  every  effort 
to  achieve  the  first  lunar  landing  while  we  also  carry 
out  an  extensive  scientific  satellite  program  which  has 

equal  priority." 
The  President  has  made  it  quite  clear  what  the 

objective  is.  The  Administration  now  must  back  fully 
the  drive  to  reach  that  goal.  The  NASA  and  industry 
team  working  on  the  Apollo  project  must  have  as- 

surance that  every  need  will  be  met,  that  solutions 
will  be  sought  for  every  unknown  which  might 
hamper  the  mission,  that  they  can  call  without  hin- 

drance on  any  national  resource — be  it  money,  man- 
power or  facilities. 

It  is  incumbent  on  all  Congressional  committees 
reviewing  the  budget  for  the  manned  lunar  program 
to  ask  industry  and  NASA  officials  directing  the  pro- 

gram whether  they  have  everything  required  to  do 
the  job.  If  the  answer  is  negative,  Congress  must  find 
out  why. 

It  is  equally  incumbent  on  the  program  officials 
concerned  to  answer  all  such  questions  frankly, 
whether  or  not  they  risk  official  wrath.  If  they  do  not 
reply  openly,  both  the  program  and  national  prestige 
will  be  jeopardized. 

It  is  encouraging  to  note  that  some  members  of 
Congressional  subcommittees  concerned  with  the 
space  program  already  are  engaged  in  field  trips  to 
study  NASA  requirements  for  the  coming  year.  This 

type  of  homework  will  pay  off  when  the  budget  goes 
to  the  Hill. 

We  do  not  intend  to  imply  that  financial  irrespon- 
sibility should  be  tolerated  in  the  lunar  program.  We 

think  the  recent  cost-reduction  drive  in  the  Apollo 
project  was  a  healthy  one.  Both  industry  and  NASA 
sources  tell  us  it  was  conducted  on  a  sound,  business- 

like basis.  Trimming  of  frills  from  the  program  can 
force  it  more  directly  onto  course. 

BUT  WE  ARE  somewhat  more  concerned  with  the 
NASA  reprograming  which  has  been  forced  by 

the  prospective  FY  '64  budget  ceiling.  Our  concern 
here  differs  somewhat,  however,  with  the  feelings  of 
many  in  the  space  agency. 

We,  too,  feel  that  scientific  satellites,  interplane- 
tary programs,  and  space  stations  deserve  adequate 

financial  support.  But  if  it  is  necessary  to  cut  these 
back  to  provide  full  support  for  Apollo,  there  can 
be  no  other  choice.  NASA  and  industry  personnel 
connected  with  the  programs,  disappointed  though 
they  may  be,  also  must  keep  in  mind  the  national 
objective — the  U.  S.  intention  to  be  first  on  the 
Moon.  If  a  NASA  program  does  not  contribute  di- 

rectly to  that  objective,  it  has  to  be  considered  ex- 

pendable. Care  must  be  taken,  however,  not  to  endanger 
NASA  projects  which  will  provide  valuable  scientific 
and  technical  information  for  Project  Apollo.  There 
are  many  unknowns  still  to  be  solved. 

We  do  not  favor,  therefore,  the  budget  cuts  in 
the  Gemini  program.  Many  NASA  officials  share  this 
concern.  Financial  considerations  may  make  it  neces- 

sary to  look  on  Gemini  for  the  present  as  an  "in- 
terim" program  rather  than  an  end  in  itself.  But  it 

must  not  be  forgotten  that  valuable  data  for  Project 
Apollo  will  be  gained  from  Project  Gemini. 

Rendezvous  and  docking,  for  example,  will  be 
vital  to  Apollo.  Hazards  of  radiation  and  meteorites 
will  be  critical.  The  ability  to  maneuver  spacecraft 
will  be  essential.  Gemini  will  contribute  greatly  to 
our  knowledge  in  all  of  these  areas  and  design  con- 

siderations for  the  Apollo  modules  will  depend  to 
some  extent  on  the  Gemini  input. 

The  prospect  of  a  four-to-six-month  lag  in  the 
Gemini  program  definitely  is  disheartening.  Although 
not  apparent  now,  this  lag  could  be  reflected  later  in 
the  lunar  program.  We  are  dealing  in  unknowns  and 
a  six-month  delay  in  obtaining  a  piece  of  information 
vital  to  Apollo  design  could  wreck  our  chances  of 
defeating  the  Russians  in  the  lunar  race.  Gemini 
should  be  restored  to  an  18-month  program. 

We  appreciate  that  it  is  a  delicate  financial  course 
which  must  be  steered.  But  a  heavy  hand  on  either 
the  till  or  the  tiller  could  wreck  the  ship. 

William  J.  Coughlin 
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Proble 

Soft  land 

this  vehicle  on 

the  moon 

CONTROLS  ENGINEERS.  Concerns 
airborne  computers  and  other  controls  re 
lated  areas  for:  missiles  and  space  vehicles 
satellites,  radar  tracking,  control  circuitry 
control  systems,  control  techniques,  tran 
sistorized  equalization  networks  and  con 
trol  servomechanisms. 

CIRCUIT  DESIGNERS.  Involves 
analysis  and  synthesis  of  systems  for:  tele- 

metering and  command  circuits  for  space 
vehicles,  high  efficiency  power  supplies 
for  airborne  and  space  electronic  systems, 
space  command,  space  television,  guid- 

ance and  control  systems,  and  many  others. 

This  spacecraft  is  SURVEYOR,  one  of  the  many  important  pro- 
jects now  under  way  at  Hughes.  It  will  "soft"  land  on  the  moon 

sometime  in  1963.  Its  mission:  to  pierce  and  analyze  the  moon's 
surface;  to  transmit  back  to  earth  high  quality  television  pictures; 
and  to  measure  the  moon's  magnetic  and  radiation  characteristics. 
To  accomplish  these  demanding  objectives.  Project  Surveyor  re- 

quires the  talents  of  many  imaginative  junior  and  senior  engineers 
and  physicists  to  augment  its  outstanding  staff.  A  degree  from  an 
accredited  university  and  U.S.  citizenship  are  required.  Experience 
in  Aerospace  Vehicles  is  preferred  but  not  necessary.  A  few  of  the 
openings  include: 

INFRARED    SPECIALISTS.  To 
perform  systems  analysis  and  preliminary 
design  in  infrared  activities  for  satellite  de- 

tection and  identification,  air-to-air  missiles, 
AICBM,  infrared  range  measurement,  air- 
to-air  detection  search  sets,  optical  sys- 

tems, detection  cryogenics  and  others. 

SYSTEMS  ANALYSTS. 
To  consider  such  basic  prob- 

lems as:  requirements  of 
manned  space  flight;  auto- 

matic target  recognition  re- 
quirements for  unmanned 

satellites  or  high  speed  strike 

reconnaissance  systems;  IR  systems  re- 
quirements for  ballistic  missile  defense.  In- 

quire today.  Please  airmail  your  resume  to: 
Mr.  Robert  A.  Martin, 
Head  of  Employment, 
Hughes  Aerospace  Divisions, 
11940  W.  Jefferson  Blvd., 

Culver  City  4,  California. 
We  promise  a  reply 
within  one  week. 

creating  a  new  world  with  electronics 
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HUGHES 

HUGHES  AIRCRAFT  COMPANY 
AEROSPACE  DIVISIONS 

An  equal  opportunity  employer. 



AVERAGE  POWER  OUTPUT  AS  A  FUNCTION  OF  FREQUENCY 
FOR  MICROWAVE  TUBES.  (MODIFIED  FROM  NERGAARD) 

Power  surveys  by 

Nergaard,*  plotti 
power  output  as 
function  of  freq 

for  tubes  of  varying  powers,  predicted  that 

maximum  wattage  available  in  X-band  would  be  less  t 
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Varian  research  indicates  this  figure  to  be  extremely  conservative.  Varian's  recent 
introduction  of  the  VA-849  amplifier  klystron  provided  the  industry  with  a  tube 
capable  of  developing  20  kW  CW  power  at  7.125-8.5  Gc.  A  modified  VA-849  developed 

51.5  kW  power  in  the  laboratory,  and  is  now  available  as  the  VA-849G,  conservatively 
rated  at  25  kW  CW.  Varian  accomplishments  do  not  stop  there.  The  company 

is  now  developing  an  X-band  tube  rated  at  a  minimum  of  50  kW  CW. 

If  your  microwave  project  calls  for  such  out- 

ahead  capability  in  power  tube  development,  I'lAAr write  Tube  Division,  -l.  s.  Nergsard,  RCA  Review,  Dec,  1960 

VARIAN  associates 

PALO  ALTO     TO,  CALIFORNIA 

Varian  Subsidiaries:  bomac  laboratories,  inc.  .  s-f-d  laboratories,  inc.  •  semicon  associates,  inc. 
VARIAN   ASSOCIATES  OF  CANADA,  LTD.    .     SEMICON   OF   CALIFORNIA,  INC.     •     VARIAN   A.  G.  (SWITZERLAND) 
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Recent  aerodynamic  and  structural  tests  by  the  US 
Air  Force  on  reinforced  fiber  glass  blades  mark 
another  first  by  Curtiss  -  Wright —  first  to  have  a 
fiber  glass  bladed  propeller  successfully  complete 
the  Military  Qualification  Test. 

Designed  and  built  by  the  Curtiss  Division  for 
the  Tri-Service  X-19  VTOL  aircraft,  this  new  light- 

weight propeller  system  is  no  longer  a  concept,  but 
a  proved  reality.  The  inherent  advantages  are  many : 

fiber  glass  blades  are  40%  lighter  than  conventional 
blades,  less  costly  to  manufacture,  and  far  easier  to 
repair  in  the  field. 

The  successful  military  testing  of  these  Curtiss- 
Wright  fiber  glass  blades — a  major  milestone  in 
VTOL  development — may  suggest  further  evalua- 

tion for  your  program.  Write  for  our  literature  which 
fully  describes  the  advantages  these  blades  offer  to 
VTOL  aircraft. 

Curtiss  Division 

Curtiss  -Wright  Corporation 
Caldwell         New  Jersey 

In  Canada:  Canadian  Curtiss-Wright,  Ltd.,  518  Evans  Avenue,  Toronto  14,  Ontario 
Circle  No.  8  on  Subscriber  Service  Cord 



THE  WEEKLY  OF  SPACE  SYSTEMS  ENGINEERING 

missiles  and  rockets Volume  11,  Number  23 December  3,  1962 

Editor 
William  J.  Coughlin 
Managing  Editor 

Reed  Bundy 
Senior  Editors 

Charles  D.  LaFond  Electronics 
William  Be  Her  Engineering 

Associate  Editors 
Lawrence  J.  Curran    News  Editor 
Heather  M.  David  „  Space  Medicine 
Michael  Getler  _  Electronics 
Russell   Hawkes_  Industry 
John  F.  Judge  _  Advanced  Materials 
Tom  Kilpatrick   _  Copy  Editor 
Frank  G.  McGuire  _  Congress 
Hal  Taylor  ....NASA 
James  Trainor    Military 
Willard  E.  Wilks  _  Business 

Contributing  Editors 
James   J.    Haggerty,    Dr.    I.    M.    Levitt,  Michael 
Lorenzo,    Dr.    Albert    Parry,    Bernard    Poirier,  Dr. 

Hubertus  Strughold,  G.  V.  E.  Thompson 
Friedrlch  Schonbach  .Art  Director 
Donald  Strickland  Assistant  Art  Director 
Eleanor  Cobey  Editorial  Assistant 
Nur  Bowman  „  Editorial  Assistant 
BUREAUS 
LOS  ANGELES  8929  Wilshire  Blvd..  Beverly  Hills Richard  van  Osten  Bureau  Chief 
NEW  YORK.  20  East  46th  Street 

Michael  Getler 
PARIS  „  _  II  Rue  Condorcet 
Jean-Marie  Riche 
GENEVA   _  10  Rue  Grenus 
Anthony  Vandyk 

EDITORIAL  ADVISORY  BOARD 
Dr.  Peter  Castruccio  Alexander  Satin 
Conrad  H.  Hoeppner  Dr.  Eugen  Saenger 
Richard  F.  Gomperti   Vice  Adm.  H.  Sanders  (ret.) 

James  W.  Claar 
Publisher 

Paul  B.  Kinney  Eastern  Advertising  Manager Craig  L.  Mason  _  Director  of  Research 
Ron  Thorstenson  Sales  Promotion  Manager John  N.  Cariin  Director  of  Circulation 
Eugene  White  Circulation  Manager 
R.  Virgil  Parker  „  Production  Manager Barbara   Barnett  Advertising  Services  Manager Dana  Greenberg  Production  Assistant 
Published  each  Monday  with  the  exception  of  the 
last  Monday  in  December  by  American  Aviation 
Publications,  Inc.,  1001  Vermont  Ave.,  N.W.,  Wash- 

ington 5,  D.C.  Cable  Address:  AMERAV. 
Printed  at  Judd  &  Detweiler,  Inc.,  Washington, D.C.  Second  class  postage  paid  at  Washington, 
D.C.  Copyright  1962,  American  Aviation  Publica- tions, Inc. 
Subscribtion  rates:  U.S.  and  Possessions,  Canada, 
and  Pan  American  Postal  Union  Natrons:  I  year 
S5.00,  2  years  S8.00,  3  years  $10.00.  All  other  foreign: 
I  year  $15.00,  2  years  $25.00,  3  years  $35.00.  Single 
copy  prices:  regular  issues  50  cents  each;  special 
issues  $1 .00  each.  Subscriptions  are  solicted  only from  persons  wth  identifiable  commercial  or  pro- 

fessional interests  in  the  missile/space  industry.  Sub- scription orders  and  changes  of  address  should  be 
referred  to  Circulation  Fulfillment  Mgr.,  Missiles  and 
Rockets,  1001  Vermont  Ave.,  N.W.,  Washington  5, D.C.  Please  allow  4  weeks  for  change  to  become  ef- 

fective and  enclose  recent  address  label  if  possible. 
President  Wayne  W.  Parrish 
Senior  Vice  President.  Louis  C.  James 
Vice  President  _  Fred  S.  Hunter 

1 

missiles  and  rockets,  December  3,  1962 

THE  COVER 
Lockheed  Propulsion  Co.  technician  ex- 

amines newly  cast  solid-propellant  motor 
at  firm's  Redlands,  Calif.,  facility.  LPC 
has  made  motors  ranging  from  1-lb.  Fang 
to  164,000  lbs.  of  propellant  in  120-in.- 
diameter  applied  research  motor. 
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For  Gas  or  Liquid  Service letters 

Precision 

APCO 

Hand  Valves 

APCO  Hand  Valves  are  engineered 
and  built  with  the  precision  of  a  fine 
watch  to  give  positive  shut-off  and 
the  finest  metering  characteristics 
in  both  gas  and  liquid  applications. 
Especially  desireable  in  military, 
industrial  and  commercial  usages, 
APCO  valves  achieve  zero  leakage 
by  utilizing  a  replaceable  soft  seat. 
For  a  wide  range  of  applications, 
standard  seats  also  are  available  in 
Kel-F,  nylon  and  stainless  steel. 
■  Vacuum  to  6000  PSI 
■  Temperature  range  from  —  65  F 

to  +160  F 
■  Stainless  steel  body  and  trim 
■  Four  models— sizes  from 

1/8"  to  r 
■  Made  also  for  cryogenic 
application 

For  complete  information  and  spec- 
ifications, clip  and  mail  coupon  today! 

ACCESSORY  PRODUCTS  CO. 
616  W.  Whittier  Blvd.  ■  Whittier,  Calif. A  TEXTRON  CO. 

Rush  me  complete  information 
on  APCO  Hand  Valves 
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Company  
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City  Zone  State  

Merger  Balloting 

To  the  Editor: 
We  are  somewhat  dismayed  at  certain 

information  presented  in  your  Nov.  19 
editorial,  "ARS  Outdoes  Itself."  Buried 
amidst  descriptions  of  some  of  the  displays 
was  the  observation  that: 

"...  Even  the  returns  on  the  ARS-IAS 
election  carried  good  news — merger  into 
the  American  Institute  of  Aeronautics 
and  Astronautics  seemed  assured  by  an 
overwhelming  majority.  .  .  ." 

What  is  disturbing  about  this  item  is 
that  we  did  not  receive  ballots  for  this 
particular  election.  While  this  itself  may 
seem  unimportant,  the  disquieting  feature 
is  that  we  were  publicly  against  the  ARS- 
IAS  merger. 

Indeed,  it  might  be  coincidental  that  two 
opponents  of  the  proposed  merger  both 
failed  to  obtain  ballots,  but  considering 
the  background,  it  would  appear  that  per- 

haps a  second  balloting  should  take  place 
— or  at  least  a  poll  to  see  what  percentage 
of  those  opposed  (and  in  favor)  of  the 
scheme  failed  to  receive  ballots. 

Finally,  it  must  be  seen  whether  the 
"overwhelming  majority"  of  the  ARS 
vote  actually  comprises  the  requisite 
number  of  members  from  the  total  mem- 

bership to  make  the  merger  action  valid. 
To  allay  suspicion,  such  totalization  ought 
to  be  performed  by  an  unbiased  outside 
agency. 

We  agree  with  your  editorial  caption, 
"ARS  Outdoes  Itself,"  it  is  true.  What  we 
wonder  is  the  manner  in  which  the  ARS 
has  outdone  itself;  perhaps  what  it  has 
done  itself  out  of. 

Stephen  A.  Kallis,  Jr. 
Associate  Member,  ARS 

B.  Spencer  Isbell 
Senior  Member,  ARS 

Huntsville,  Ala. 

AlAA's  Challenge 
To  the  Editor: 

Needless  to  say,  we  arc  all  very  grati- 
fied by  the  Nov.  19  editorial.  It  is  particu- 
larly satisfying  in  the  light  of  your  eloquent 

criticism  of  last  year's  meeting. 
As  I  wrote  you  some  weeks  ago,  we 

tried  very  hard  to  persuade  industrial  or- 
ganizations to  make  the  exhibit  a  technical 

one.  It  is  nice  to  know  that  you  feel  that 
we  have  fulfilled  our  objective.  You  point 
out  that  we  have  "left  a  magnificent  chal- 

lenge for  the  AIAA."  It  is  a  challenge, indeed.  However,  we  think  that  the  tech- 
nical displays  can  be  even  better  than  they 

were  this  year.  At  least,  it  will  be  our  aim 
to  make  them  better  in  AIAA. 

The  17th  Annual  Meeting  still  had  its 
defects.  The  primary  purpose  of  the  meet- 

ing was  to  communicate  through  the  tech- 
nical sessions.  The  technical  displays  were 

meant  to  augment  those  sessions.  The  ses- 
sion rooms  turned  out  to  be  too  noisy,  in 

spite  of  the  elaborate  precautions  we  took 

to  insulate  them  from  the  noise  of  the 
displays.  In  future  meetings,  we  are  going 
to  have  to  solve  that  problem. 

James  J.  Harford 
Executive  Secretary 
American  Rocket  Society 
New  York 

AGARD  Corrects  Record 

To  the  Editor: 
The  Oct.  1  issue  of  M/R  carries  an 

article  entitled  "NATO  Missiles  for  Crete," 
which  contains  much  erroneous  informa- 

tion. I  shall  restrict  my  comments  to  the 
two  references  to  NATO's  Advisory  Group 
for  Aeronautical  Research  and  Develop- ment (AGARD). 

Firstly,  the  visit  to  the  United  States 
by  "a  high-ranking  Greek  Defense  Min- 

istry team"  was  not  sponsored  by 
AGARD,  but  rather  was  arranged  as  a 
result  of  initiative  taken  by  AGARD. 

Secondly,  AGARD  has  not  selected 
a  target  for  the  NATO  Missile  Firing  In- 

stallation (NAMFI),  nor  has  it  ever  inti- 
mated that  it  was  empowered  to  do  so. 

F.  L.  Wattendorf 
Director 
AGARD 
Paris 

Comprehensive  Reporting 

To  the  Editor: 

Willard  E.  Wilks'  story  on  Aeronu- 
tronic  ("Aeronutronic  Expanding  Produc- 

tion," M/R,  Nov.  12,  p.  37)  is  one  of 
the  most  comprehensive  reports  on  our 
organization  that  has  been  published. 

We  are  naturally  pleased  at  the  promi- 
nent attention  given  by  your  magazine  to 

this  management  story. 
The  article  will  serve  as  a  valuable 

report  to  our  Government  and  military 
customers  and  the  other  members  of  the 
aerospace  industry  in  defining  the  current 
and  future  role  of  Ford  Motor  Company 
in  the  aerospace  and  related  fields. 

John  B.  Lawson 
General  Manager 
Aeronutronic  Division 
Ford  Motor  Co. 
Newport  Beach.  Calif. 

The  Ethics  of  Fame 
To  the  Editor: 

Among  the  vituperative  criticisms,  in 
your  Nov.  26  issue,  of  your  Nov.  5  edi- 

torial I  find  no  appreciative  word  for 
those  many  scientists  and  engineers  whose 
inventive  zeal  and  design  skills  made  these 
manned  (and  all  other)  space  flights  pos- sible. 

What  financial  rewards  (and  world- 
wide fame)  have  these  creators  of  space 

apparatus  received,  beyond  a  mere  living 
salary? 

Just  as  the  engineer  of  a  locomotive 
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or  ihe  captain  of  a  ship  is  raised  10  the 
top  of  the  totem  pole  in  public  esteem  and 
rewards,  so  are  those  who  ride  the  space 
vehicles.  Had  they  themselves  first  con- 

ceived and  engineered  them  and  then  rode 
them  to  glory  and  riches,  then — but  only 
then — should  they  have  the  highest  respect 
and  admiration  of  the  world. 

As  matters  stand,  they  did  but  little 
more  than  the  monkeys  who  also  went 
along  on  such  space  rides,  although  it  took 
much  training  and  plenty  of  guts  to  do  it. 
My  hat  is  off  to  them,  but  I  won't  crawl 
on  my  belly,  bearing  gifts,  in  adulation  of 
them. 

B.  F.  Miesner 
Miami  Shores.  Fla. 

Biggest  Telescopes 
To  the  Editor: 

In  an  item,  "Lunar  Photos  Released" 
(M/R,  Nov.  19,  p.  13),  you  referred  to 
lunar  photos  being  taken  by  a  200-in.  re- 

flecting telescope  at  Lick  Observatory, 
near  San  Jose,  Calif.  If  I  may,  I  should 
like  to  point  out  that  the  200-in.  telescope 
is  not  at  the  Lick  Observatory,  but  at  the 
Mt.  Palomar  Observatory  in  southern  Cali- 

fornia. The  largest  telescope  at  Lick  is  the 
120-in..  which  was  completed  in  1958. 

Please  let  me  and  your  readers  know 
which  took  the  photos:  the  200-in.  tele- 

scope at  Mt.  Palomar  or  the  120-in.  at 
Lick. 

Eldon  Byland 
Charlotte,  N.C. 

The  photos  were  taken  by  the  Lick  Ob- 
servatory telescope.  The  200-in.  reference 

is  a  typographical  error.  The  120-in.  Lick 
telescope  is  the  second  largest  reflecting 
telescope  in  the  world — second  only  to  the 
200-in.  telescope  at  Mt.  Palomar. — Ed. 

I — NASA  Issue  Reprints  — 

Reprints  of  the  MISSILES 
AND  ROCKETS  Second  Annual 
NASA  Issue  of  November  26  are 
now  available  from: 

Research  Department 
Missiles  and  Rockets 

1001  Vermont  Ave.,  NW 
Washington  5,  D.  C. 

The  reprint  price  is  $1.00  per 
copy.  Payment  must  accompany 
order. 

Quantity  discount  prices  are 
also  available,  and  may  be  obtained 
upon  request  from  the  Research 
Department. 

ELECTRONIC  ENGINEERS 

Here's  your  ticket 

to  visit  Hughes 

in  Southern  California 

via  the  Hughes  stereo  viewer 

tour  .  .  .  our  modern  facility,  see  for  yourself  why 

HUGHES  is  the  West's  leader  in  advanced  electronics, 
look  ...  at  all  the  advantages  living  in  a  Southern 
California  suburb  has  to  offer.  ■  What  the  HUGHES 

Stereo  Viewer  won't  show  you  is  that  our  Advanced 
Electronics  Division  has  new,  long-range  aerospace 

contracts  creating  immediate  need  for  degreed  ELEC- 

TRONIC ENGINEERS  with  two  to  four  years'  experience 
in  one  of  the  following  areas:  ■  TEST  EQUIPMENT 
DESIGN  ■  RADAR  ■  MICROWAVE  ■  QUALITY 

CONTROL  ■  SYSTEMS  ANALYSIS  ■  CIRCUIT 

DESIGN  ■  SEMICONDUCTORS  ■  COMPUTERS. 

CREATING  A  NEW  WORLD  WITH  ELECTRONICS 

An  equal  opportunity  employer. 
To  receive  your  free  HUGHES  Stereo  Viewer,  just  complete  and  mail  the  coupon  below: 

HUGHES  Aerospace  Group, 
El  Segundo  Division 
ATTN:  Wallace  Peterson, 
Head  of  Employment 
P.  O.  Box  90426,  Los  Angeles  9,  California 
I  am  a  degreed  ELECTRONICS  ENGINEER 
and  would  like  to  receive  a  FREE  HUGHES  Stereo 
Viewer  and  further  information  about  growth  oppor- tunities at  HUGHES. 

Name  

Address. 

City  _Zone_ _State_ 
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GENERAL  ELECTRIC  TO  SUPPORT  NASA  IN 

FORMULATING  DESIGNS  AND  EQUIPMENT 

The  National  Aeronautics  and  Space  Administration  has  assigned  to 
General  Electric  a  major  role  in  designing  and  developing  integrated, 

automatic  checkout  and  test  equipment  for  the  APOLLO  program,  in  addi- 
tion to  supporting  NASA  in  overall  reliability  of  the  entire  system.  High 

level  specialists  and  systems  people  are  being  drawn  from  many  components 
of  the  company  to  contribute  to  the  design  and  development  of  computerized  semi-automatic  and 
automatic  checkout  systems.  Additional  highly  qualified  engineers  and  scientists  are  needed  now. 

Assignments  at  HUNTSVILLE,  DAYTONA  BEACH,  CAPE  CANAVERAL  and  HOUSTON 

Engineering  experience  required  in 
SYSTEMS  and  SUB-SYSTEMS  CHECKOUT  and  TEST  PLANS,  DESIGNS  and  OPERATIONS 

Electrical  ■  Electronics  ■  Mechanical  ■  Conversion  and  Guidance  ■  Propulsion  ■  Instrumentation 
and  Communications  ■  Telemetry  ■  Pyrotechnic  ■  Vehicle  Systems  ■  Systems  Specifications  and 
Designs  ■  Digital  Command  Systems  ■  PCM  ■  Computers  ■  Display  ■  Analog  and  Digital  Simu- 

lation ■  Test  Simulation  ■  Vibration  Analysis  ■  Space  Mechanics  ■  Operational  Support  Systems. 

If  you  have  experience  in  any  of  the  listed  areas,  write  us  today  (include  salary  requirements).  Your  inquiry  will 
be  held  in  strict  confidence.  Write  to:  Mr.  P.  W.  Christos,  Professional  Placement,  Section  73-WY,  Apollo  Support 
Department,  General  Electric  Co.,  Administration  and  Engineering  Bldg.,  Daytona  Beach,  Florida. 

APOLLO  SUPPORT  DEPARTMENT 

GENERAL ELECTRIC 

An  Equal  Opportunity  Employer 



The  Countdown 

WASHINGTON 

Navy  Studies  Missiles  for  Space 
A  feasibility  program  to  determine  whether  Terrier, 

Talos  and  Tartar  missiles  can  be  used  to  launch  weather 
and  reconnaissance  space  probes  is  under  way  at  the 
Navy  Missile  Development  Center,  Pt.  Mugu,  Calif. 
Main  advantage  of  such  a  system:  any  ship  carrying  these 
surface-to-air  missiles  as  armament  could  use  them  to 
gather  weather  or  intelligence  data. 

Dyna-Soar  Funding  Soars 

Dept.  of  Defense  will  use  the  entire  FY  '63  appropri- 
ation of  $115  million  requested  for  Dyna-Soar  as  well  as 

the  congressional  add-on  of  $42  million.  This  is  a  decided 
shift  in  program  emphasis.  In  FY  '62,  DOD  allowed  Air 
Force  to  spend  only  $100  million  of  the  $185.5  million 
which  was  appropriate  for  Dyna-Soar. 

Two  Major  Launches  Still  Left 
NASA  has  two  major  launches  left  on  its  schedule 

before  the  end  of  the  year.  First  will  be  the  rfcor-boosted 
Relay  active  communications  satellite,  set  for  Dec.  11  at 
Cape  Canaveral.  It  will  be  followed  on  Dec.  15  by  the 
S-55B  micrometeoroid  satellite,  using  a  Scout  booster 
from  Wallops  Island. 

Centaur  Reorganization  Still  Incomplete 
Reorganization  of  the  Centaur  program  by  NASA 

will  not  be  completed  until  the  first  of  next  year.  Officials 
now  believe  the  second  launch  of  the  liquid-hydrogen 
upper  stage  will  slip  well  past  the  scheduled  target  of 
the  first  quarter  of  1963. 

Bids  to  be  Asked  on  Space  Lab 

Langley  Research  Center  will  ask  for  bids  within  the 
next  few  weeks  on  design  of  a  multimiUion-dollar  Space 
Radiation  Effects  Laboratory.  Total  cost  of  the  project  is 
estimated  at  $21.2  million. 

Lunar  Contractor  to  be  Announced 

This  week,  NASA  is  expected  to  announce  selection 
of  a  contractor  to  make  a  study  of  lunar  base  construc- 

tion. This  is  regarded  by  the  agency  as  the  first  step  in  a 
program  leading  to  establishment  of  a  Moon  base  late  in 
this  decade  or  early  in  the  1970's. 

What  to  Do  with  Turkey  Left-Overs? 
Reports  from  Europe  are  persisting  that  the  U.S.  plans 

to  take  its  obsolescing  Jupiter  missiles  out  of  Turkey. 
Defense  Dept.  officials  say  it's  not  so.  But  there's  a  good 
reason  for  the  pull-out  which  is  unconnected  with  any 
U.S. -USSR  deal  over  Cuba:  the  IRBM's  no  longer  are needed  there. 

Skybolt  In  Danger  of  Cancellation 

Pentagon  insiders  warn  that  heavy  cost  overruns  and 
technical  difficulties  could  result  in  cancellation  of  the 
Skybolt  ALBM.  DOD  officially  has  denied  the  report — 
but  only  half-heartedly. 

Missile  B  Is  Now  Lance 

Missile  B  now  has  officially  been  re-named  Lance. 
the  Army  announced  last  week.  This  puts  an  end  to  wide- 

spread rumors  that  it  would  be  called  the  Marshall  and 
confirms  Countdown's  report  of  last  summer  (M/R. 
July  16,  p.  9). 

Agena-Gemini  Decision  May  Be  Delayed 

NASA's  abrupt  decision  to  consider  elimination  of 
the  Agena  target  vehicle  from  the  Gemini  program  (M/R, 
Nov.  26,  p.  62)  caught  many  Administration  space  ex- 

perts by  surprise.  This  could  delay  any  announcement — 
although  NASA  says  it  will  make  the  final  decision  in  a 
week  or  so. 

AEC  to  Study  NASA  Nuclear  Unit 
NASA  has  asked  the  Atomic  Energy  Commission  to 

study  feasibility  of  a  nuclear  power  unit  with  a  40-watt 
capability  for  its  Interplanetary  Monitoring  Probes.  The 
space  agency  expects  to  start  launching  these  in  1964. 
About  two  units  per  year  will  be  needed  over  a  four-year 
period.  But  the  agency  has  made  it  plain  in  a  letter  to 
Rep.  Melvin  D.  Price  (D-IU.)  that  no  other  extensive 
use  of  nuclear  power  units  will  be  made  until  at  least 
1967-68. 

INDUSTRY 

Shillelagh  to  Get  Go-Ahead 

Pentagon  officials  won't  confirm  it  yet  but  Shillelagh 
definitely  has  gotten  the  nod  over  TOW  m  the  antitank 
missile  competition.  First  cold-weather  testing  of  the 
Aeronutronic  missile  will  get  under  way  soon  near  Ft. 
Greeley,  Fairbanks,  Alaska. 

Super-Propellants  Are  in  Prospect 

Successful  synthesis  of  hitherto  unproducible  propel- 
lants  by  Rocket  Power,  Inc.,  Mesa,  Ariz.,  has  raised  Air 
Force  hopes  for  super-propellants  which  will  exceed  the 
specific  impulse  of  existing  chemical  types.  The  process, 
developed  under  a  $200,000  contract  from  the  AF  Office 
of  Scientific  Research,  involves  ionizing  one  chemical 
component  of  a  proposed  compound  and  directing  the  ion 
beam  against  another  component.  Ion  energy  is  on  the 
order  of  only  1  ev.  Although  nitrobenzine  is  the  only 
unclassified  propellant  produced  to  date  by  the  technique, 
synthesis  of  fluorine  compounds  also  is  being  investigated. 

INTERNATIONAL 

Blue  Streak  Launch  Near  at  Woomera 

First  launching  of  Britain's  Blue  Streak  rocket  at  the Woomera,  Australia,  missile  range  is  due  this  month. 
One  of  the  final  static  tests  at  Spadeadam,  Cumberland, 
was  held  Nov.  23. 

New  British  Weapon  Under  Development 

In  collaboration  with  General  Electric  and  Sperry 
Gyro,  Whitworth-Gloster  Aircraft  of  Britain  is  building 
a  classified  missile  for  installation  on  small  ships.  Desig- 

nation is  CF-299. 
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The  CHRYSLER  Corporation  SPACE  Division 
was  born  of  experience  over  a  decade  in  the 

research,  design,  development,  fabrication,  as- 
sembly, test,  and  launch  support  of  large  liquid- 

propelled  missile  systems  and  space  boosters. 
The  CHRYSLER  Corporation  SPACE  Division, 

as  a  prime  contractor  in  the  SATURN  S-l,  C-1 
Space  Program,  has  responsibilities  which  include 
a  broad  spectrum  of  engineering  technology.  To 
these  have  been  added  tasks  in  ADVANCE  EN- 

GINEERING and  PRODUCT  IMPROVEMENT. 

The  scope  of  this  undertaking  offers  excep- 
tional opportunities  for  ENGINEERS  and  SCIEN- 
TISTS who  enjoy  fulfilling  intensive  assignments 

where  individual  creativity  is  encouraged. 

with  a  future  .  .  . 

Consider  these  added  values  of  a  career  with 
CHRYSLER  Corporation  SPACE  Division: 

•  Association  with  top  technical  minds. 
•  Excellent  career  advancement  potential. 

•  University  facilities  for  advanced  study. 
•  Pleasant  living  in  3  choice  Southern  locations. 

If  you  have  engineering  experience  in  re- 
search, preliminary  design,  test  or  development 

in  the  areas  of  AERO  and  ASTRONAUTICS, 
ELECTRONICS.  SYSTEMS,  LIQUID  PROPULSION, 
STRUCTURES,  or  ANALOG  and  DIGITAL 

COMPUTATION,  send  your  resume  in  confi- 
dence to  Personnel  Department,  P.O.  Box  26018, 

New  Orleans  26,  La. 

CHRYSLER    CORPORATION    SPACE  DIVISION 

CAPE   CANAVERAL,  FLA.         HUNTSVILLE,    ALA.         NEW    ORLEANS,  LA. 

An  Equal  Opportunity  Employer 
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Two  major  task  areas  are  of 
special  interest: 

ADVANCE 
ENGINEERING 

This  branch  analyzes  existing 
or  proposed  space  system  designs 
and  operational  characteristics  to 
establish  system  requirements  and 
feasibility  fordeveloping  design  con- 

cepts. It  includes  these  sections: 
Aeroballistics — concerned  with  dy- 

namics and  trajectory  analyses,  aer- 
odynamic heating,  staging  studies, 

aerodynamics,  and  flight  evaluation. 
Preliminary  Design — establishes 
configuration  feasibility  to  meet 
mission  changes  and  future  mis- 

sions as  dictated  by  program  re- 
quirements. 

Future  Systems  Analysis— studies 
advanced  systems  with  considera- 

tion of  tradeoffs  between  various 
parameters  as  well  as  projected 
availability  of  new  and  higher  per- 

formance hardware. 

PRODUCT 
IMPROVEMENT 

These  programs  provide  for 
assignment  involving  the  major  ele- 

ments of  the  structural,  mechanical, 
and  materials  disciplines,  including 
complete  or  partial  feasibility  stud- 

ies, design,  development,  analysis, 
and  testing. Tasks  also  are  initiated 
in  the  areas  of  electrical  systems, 
instrumentation,  and  automatic 
checkout.  Component  product  im- 

provement tasks  will  be  performed 
to  correct  design  deficiencies  and 
marginal  conditions  detected  in  the 
evaluation  and  test  programs. 

CHRYSLER  corporation 

SPACE  division 

An  Equal  Opportunity  Employer 

The  Missile / Space  Week 

Machinists  Strike  at  Lockheed 

The  union  shop  controversy  that 
has  plagued  the  missile/ space  indus- 

try in  recent  months  exploded  last 
week  into  a  strike  of  the  International 
Association  of  Machinists  against 
Lockheed  Aircraft  Corp. 

The  strike  began  at  12:01  a.m. 
Nov.  28  and  spread  from  Cape  Cana- 

veral to  Honolulu  by  mid-morning. 
Almost  immediately,  President 

Kennedy  set  up  an  inquiry  board  to 
look  into  the  dispute  and  report  to 
him  by  Dec.  3.  This  is  the  traditional 
first  step  in  procedures  under  the 
Taft  Hartley  Act,  possibly  leading  to 
a  back-to-work  court  injunction. 

The  White  House  said  the  Presi- 
dent has  determined  that  the  strike, 

"if  permitted  to  continue,  would  im- 
peril the  national  health  and  safety." Before  the  strike  began,  DOD  set 

up  guidelines  by  which  future  con- tracts or  contract  extensions  with 
Lockheed  would  need  the  approval  of 
each  of  the  service  secretaries  until 
after  the  firm's  labor  difficulties  are resolved. 

DOD  denied  charges  that  the 
seldom-used  procedure  was  an  at- 

tempt to  force  the  company  to  agree 
to  arbitration  under  threatened  loss 
of  upcoming  contracts.  Spokesmen 
argued  the  system  was  necessary  for 
"protecting  the  needs  and  require- 

ments of  the  defense  establishment." Lockheed  Vice  President  John 

Canaday  told  newsmen,  "We  don't fear  an  election  on  the  union  shop 
issue.  But  if  we  sacrifice  a  principle, 
we  no  longer  have  a  basis  on  which 
to  stand."  He  described  the  firm's 
position  as  "a  guard  against  erosion 
of  fundamental  rights." 

Mariner  Date  Still  Holds 

NASA  officials  predict  that  if  its 
present  performance  continues,  the 
Mariner  II  spacecraft  will  success- 

fully complete  its  Venus  fly-by  mis- sion Dec.  14. 
The  optimistic  outlook  was  made 

despite  indications  the  spacecraft 
temperature  is  higher  than  expected 
and  malfunction  has  reduced  the 
power  in  one  of  its  solar  panels. 

NASA  also  announced  that  the 

spacecraft  set  the  world's  long-dis- tance space  communications  record 
in  its  91st  day  of  flight. 

At  7:46  a.m.,  EST,  Nov.  25, 
Mariner  II  reported  its  condition  and 
data  from  its  scientific  experiments 
to  the  Johannesburg,  South  Africa, 
tracking  facility  from  22.5  million 
miles  in  space. 

First  Titan  II  at  Davis  AFB 

Davis-Monthan  AFB  near  Tucson, 
Ariz.,  accepted  delivery  of  its  first 

I  Mw  LOAD 
-2000F 

LEGEND 
A.  ELECTRICAL  CONDITIONING  EQUIPMENT 
B.  LITHIUM  PUMP 
C.  POTASSIUM  ACCUMULATOR 
D.  REACTOR  H.  GENERATOR 
E.  SHIELD  I.  POTASSIUM  PUMP 
F.  LITHIUM  ACCUMULATOR      J.  RADIATOR 
G.  TURBINE  K.  BOILER 

Pratt  &  Whitney's  SNAP-50  Reactor 
FIRST  RELEASED  schematic  of  Pratt  &  Whitney's  SNAP-50  lithium-cooled  reactor 
system.  SNAP-50  is  the  only  high-power  nuclear  system  now  being  funded,  but  is  not 
yet  in  an  advanced  hardware  state.  It  will  yield  power  in  the  multi-kilowatt  range. 
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SYSTEMS  PROGRESS 

AIRBORNE  OPTICAL  SYSTEMS 
FOR  NAVIGATION 

The  Horizontal  Situation  Indicator  from 
CSC's  Electro-Optical  Department  is  an 
integral  part  of  a  map  display  instrument 
that  provides  pilots  with  tactical  and  navi- 

gation data  in  pictorial  form.  During  the 
initial  contract  for  the  Horizontal  Situa- 

tion Indicator  CSC  assumed  the  responsi- 
bility for  this  type  of  work  from  Bell  & 

Howell  Company. 
Acrylic  plastic  used  for  the  screen 
requires  special  production  techniques, 
with  tolerances  held  to  .001  inch.  Grid 
lines  are  engraved,  then  hand-filled  with 
titanium  oxide. 

The  engineering  talent,  custom  equipment 
and  technical  skills  required  for  projects 
of  this  kind  are  applied  to  the  production 
of  precision  optics  from  conventional  and 
exotic  materials,  optical  systems,  military 
and  commercial  cameras.  Other  divisions 
of  CSC  design  and  manufacture  electronic 
instrumentation,  process  analysis  and 
control  systems,  missile  and  spacecraft 
support  equipment,  data  acquisition,  con- 

version and  recording  systems,  industrial 
control  systems,  analog  and  digital  data 
handling  installations. 
For  information  about  applying  this  expe- 

rience to  your  systems  problems,  call  your 
nearest  CSC  engineering  representative  or 
write: 

CONSOLIDATED 

CORPORATION 

1500  So.  Shamrock  Ave.  •  Monrovia,  California 

Titan  II ICBM  last  week.  It  was  flown 
from  Lowry  AFB,  Colo.,  in  a  C-133 
and  off-loaded  at  the  Missile  Assem- 

bly Maintenance  Shop. 
After  an  extensive  checkout  and 

operational  preparation,  the  Titan  II 
is  scheduled  to  be  installed  in  Com- 

plex 11 — the  most  nearly  complete  of 
the  18  launching  sites  at  the  base. 

UTC  Now  Operating  Division 

Lt.  Gen.  Donald  L.  Putt  (USAF- 
ret.) ,  president  of  United  Technology 
Corp.  since  it  was  set  up  in  1958,  has 
been  named  a  vice  president  of 
United  Aircraft  Corp.,  the  parent 
firm,  in  a  major  reorganization  move. 

UTC,  formerly  a  subsidiary  of 
United  Aircraft,  has  been  made  an 
operating  division  of  UAC,  and  re- 

designated the  United  Technology 
Center.  Putt  will  be  in  charge  of 
coordinating  all  West  Coast  activi- 

ties of  UAC's  operating  divisions  and subsidiaries. 
Barnet  R.  Adelman,  executive 

vice  president  of  UTC,  succeeds  Putt 
as  head  of  the  new  division. 

PUTT 

At  the  same  time,  UAC  named 
the  general  managers  of  all  its  other 
divisions  to  be  division  presidents. 
These  include  Leonard  C.  Mallet  of 
Pratt  &  Whitney  Aircraft;  William 
E.  Diefenderfer,  Hamilton  Standard; 
Lee  S.  Johnson,  Sikorsky  Aircraft; 
John  N.  Phillips,  Norden;  and 
Charles  M.  Kearns,  Jr.,  United  Air- 

craft Corporate  Systems  Center.  Mal- 
let, Johnson  and  Kearns  also  will 

continue  as  UAC  vice  presidents. 

Shots  of  the  Week 

The  Air  Force  launched  two  se- 
cret payloads  from  the  Pacific  Missile 

Range  last  week. 
On  Nov.  21,  a  space  probe  was 

boosted  by  a  Blue  Scout  vehicle. 
This  was  followed  on  Nov.  24 

with  the  launching  of  a  secret  satel- 
lite using  a  Thor-Agena  booster  com- bination. 

AF  announcements  gave  no  de- 
tails on  either  shot.  In  the  past,  how- 
ever, the  Blue  Scout  has  been  used 

for    radiation    probes.    The  Thor- 

Agena  also  has  been  used  as  the 
booster  for  the  Discoverer  satellite 
series. 

•  The  Army's  Pershing  missile 
chalked  up  another  successful  mis- 

sion. The  missile,  made  by  Martin 
Marietta  Corp.,  weighed  only  slightly 
more  during  the  Nov.  27  shot  than 
the  planned  operational  version. 

Fired  from  its  operational  field 
equipment,  the  Pershing  made  a  300- 
mile  flight  for  its  36th  success  in  43 launches. 

•  A  Skybolt  was  launched  from  a 
B-52  at  1:45  p.m.  Nov.  28  over  Cape 
Canaveral.  After  separation  from  the 
plane  and  ignition  of  the  first  stage, 
the  missile  failed  to  gain  altitude  and 
dropped  into  the  ocean. 

Urey  vs.  Schriever:  Round  2 

A  running  debate  about  the  mili- 
tary merits  of  the  Moon  moved  to 

the  East  Coast  last  week  when  Dr. 
Harold  C.  Urey,  Nobel  prize  winner 
and  professor  of  chemistry  at  the 
University  of  California,  stated  in 
Washington,  D.C.,  that  the  Moon 
and  national  defense  have  nothing  in 
common. 

At  the  American  Rocket  Society 
meeting  in  Los  Angeles  last  month, 
Urey  had  argued  the  same  point  with 
Gen.  Bernard  A.  Schriever,  com- 

mander of  the  Air  Force  Systems 
Command.  At  that  time,  the  Nobel 

scientist  said  he  would  not  "spend 
one  effort  of  my  little  finger"  for weapons  in  space  (M/R,  Nov.  26,  p. 
17). 

Pressing  further,  Urey  said  the 
Soviet  people  have  a  direct  quality 
about  them:  if  nuclear  war  comes, 
they  will  have  set  up  their  missiles 
and  will  fire  them  between  Earth 
points — they  will  not  bother  putting 
bombs  either  on  the  Moon  or  in 
orbit. 

TFX  Aircraft  Approved 

Development  of  the  air-to-air 
missile  and  fire-control  system  for 
the  TFX  aircraft  is  expected  to  cost 
approximately  $200  million,  DOD  of- ficials said  last  week  in  awarding  the 
long-awaited  TFX  development  con- 

tract. Winner  of  the  aircraft  develop- 
ment and  procurement  award  over 

the  Boeing  Co.  was  General  Dynam- ics/Grumman team. 
Hughes  Aircraft  Co.  had  earlier 

been  selected  by  the  Navy  to  develop 
the  missile  and  fire-control  systems. 
The  Navy's  Bureau  of  Weapons  has 
also  awarded  a  contract  to  the  Cor- 

nell Aeronautical  Laboratory  for 
study,  evaluation  and  analysis  of  a 
long-range  air-to-air  missile  for  the tri-service  fighter. 
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NRDS  Proposals  Sought 
NASA  and  the  Atomic  Energy 

Commission  have  asked  industry  for 
proposals  for  a  contract  to  provide 
support  services  at  the  Nuclear 
Rocket  Development  Station  in  Ne- 

vada, emphasizing  that  the  contrac- 
tor must  have  "significant"  technical 

capabilities  in  addition  to  plant  engi- 
neering and  housekeeping  compe- 

tence. 
The  areas  requiring  technical 

competence  were  identified  as  cryo- 
genic technology,  involving  the  use 

of  liquified  gases  at  extremely  low 
temperatures;  radiation  monitoring; 
temporary  storage  of  radioactive 
wastes;  computer  operation;  and 
the  operation  of  shops  and  special 
equipment  such  as  mobile  shielded 
vehicles. 

The  contract  will  call  for  NRDS 
base-support  services  and  limited 
support  to  the  Los  Alamos  Scientific 
Laboratory,  Aerojet-General,  West- 
inghouse  Electric,  Lockheed  and 
other  contractors  involved  in  nuclear 
rocket  research  at  the  Nevada  site. 
Inquiries  should  be  directed  to  the 
chief  of  the  Space  Nuclear  Propul- 

sion Office,  Nevada  Extension,  P.O. 
Box  1676,  Las  Vegas,  Nev. 

Titan  III  Test  Stand  Begun 
Air  Force  Space  Systems  Div. 

broke  ground  at  Edwards  AFB  Nov. 
29  for  construction  of  the  world's 
biggest  and  most  highly  instru- 

mented solid-rocket  engine  test  fa- 
cility. 

The  stand  is  primarily  to  test  the 
five-segment  120-in.  solid  rockets  for 
Titan  HI,  but  it  has  the  capacity  to 
test  segmented  solid  rockets  up  to 
and  including  156-in. 

Construction  and  instrumentation 
will  cost  $8  million.  The  new  test 
stand  is  adjacent  to  the  old  Minute- 
man  test  site  at  Edwards. 

Lunar  Fashions  by  Latex 
A  quickiy  donned  spacesuit,  fab- 

ricated by  a  company  usually  known 
for  its  hard-working  women's  gar- 

ments, has  won  the  ApoTlo  suit  com- 
petition. 
NASA  has  selected  the  Hamilton 

Standard  Div.  of  United  Aircraft 
Corp.  as  prime  contractor  to  manage 
and  integrate  the  spacesuit  pro- 

gram. It  also  will  design  and  produce 
the  life  support  pack. 

Spacesuit  fabricator  is  Interna- 
tional Latex  Corp.,  who  as  principal 

subcontractor  will  do  engineering 
and  development  of  the  suit.  Inter- 

national Latex  has  already  developed 
a  suit  under  an  Air  Force  contract. 

Wanted:  Men  who  are  looking  for  trouble. 

Northrop  Norair  needs  men  who  question.  And  question.  And  question.  The  kind  of 
men  who  take  nothing  for  granted.  Who  search  out  every  flaw,  every  imperfection. 

Are  you  a  perfectionist?  If  so,  then  the  place  for  you  is  Norair.  The  following  aerospace 
positions  are  available  now: 

Propulsion.  Men  with  knowledge  of  the  fundamental  technologies  to  do  research  and 
development  on  solid,  liquid,  hybrid,  and  air-breathing  systems. 
Vehicle  dynamics  and  control.  For  research  and  development  in  aerodynamics  and 

flight  controls  as  applied  to  VTOL  vehicles,  space  trainer  aircraft,  and  six-degree-of- 
freedom  near-earth  trajectory  problems. 
Electromagnetics.  For  studies  in  energy  propagation  and  field  theory  pertinent  to 
such  areas  as  communications  antennas,  radar  cross-sections,  and  plasma  sheaths. 
Fluid  mechanics.  For  analyses  of  subsonic,  supersonic  and  hypersonic  flows. 
Communications.  To  conduct  analysis  and  integration  of  new  concepts  in  telemetry 
command,  detection,  and  tracking  systems. 

Experimental  aerodynamics.  To  work  with  a  group  that  will  support  theoretical  aero- 
dynamic research  with  experimental  approaches  and  will  initiate  experimental  research 

to  fill  voids  in  the  theoretical  techniques. 

Operations  research.  To  visualize  complete  weapons  systems,  and  apply  basic  knowl- 
edge to  new  and  diversified  problems. 

Guidance  and  controls.  To  conduct  study  and  analysis  of  sensors  and  computers. 
Systems  research.  To  work  on  systems  performance  optimization. 
Numerical  analysis.  To  develop  large-scale  numerical  procedures  for  aerodynamic 
design  and  flow  field  analysis. 
Avionics.  To  work  on  the  design,  development,  and  analysis  of  avionics  systems  for 
airborne  applications. 

Reliability.  To  assess  the  reliability  and  optimize  the  configuration  and  mission  pro- files of  space  systems. 
Chemical  research.  To  work  on  the  development  and  applications  of  structural 
adhesives  for  aerospace  vehicles. 
Metallurgical  research.  For  research  and  development  on  materials  and  joining. 

If  you'd  like  more  information  about  these  opportunities  and  others  that  may  be 
available,  write  to  Roy  L.  Pool,  Engineering  Center  Personnel  Office,  1001  East 
Broadway,  Hawthorne,  California. 

NORTHROP  NORAIR 
AN  EQUAL  OPPORTUNITY  EMPLOY 
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'Super'  version  proposed . . . 

Hawk  May  Get  Antimissile  Role 

Already  approved  by  Army,  $40-50-million  program 

might  provide  anti-tactical  missile  protection  by  7965 

RAYTHEON  HAWK  can  now  intercept  aircraft  at  ranges  up  to  38,000  ft. 

by  James  Trainor 
DEPT.  OF  DEFENSE  approval  is 

pending  on  a  $40-50-million  develop- 
ment program  for  a  new  Raytheon 

super-//mvA'  ATBM  (anti-tactical  bal- 
listic missile)  weapon  system.  The  pro- 

gram, if  approved,  will  provide  a  field 
army  ATBM  capability  as  early  as 
1965. 

The  design  proposal  calls  for  addi- 
tion of  a  minimum  of  equipment  to 

extend  capability  of  the  present  Hawk 
surface-to-air  missile  system.  New 
equipment  will  include  a  long-range 
acquisition  radar  and  a  high-speed  tar- 

get intercept  computer. 
The  Army  Secretary  already  has 

approved  the  program  as  part  of  the 
FY  '64  budget.  Major  advantage  of  the 
Raytheon  proposal  is  its  ability  to  pro- 

vide a  quick  method  of  achieving  a 
battlefield  antimissile  capability  at  mini- 

mum cost. 
Final  decision  on  a  go-ahead  for  the 

super-Z/avvA-  must  also  cover  Mauler 
and  Field  Army  Ballistic  Missile  De- 

fense System  (FABMDS)  as  possible 
alternatives. 

Pentagon  sources  report,  however, 
that  FABMDS  now  is  under  serious 
consideration  for  development  at  a  later 
date.  It  is  felt  that  technological  results 
of  the  Nike-Zeus  program  should  be 
studied  before  FABMDS  development 
is  initiated. 

The  decision  to  delay  FABMDS 
was  evident  last  week  in  the  final  list 
of  project  officers  for  designated  sys- 

tems within  the  Army's  new  Materiel 
Command.  Although  the  list  originally 
included  a  FABMDS  office,  it  no  longer 
exists  on  the  new  list. 

Army  approval  of  the  new  Hawk 
program  and  continued  interest  in 
FABMDS  indicates,  however,  the  pos- 

sibility of  a  high-level  decision  on  the 
question  of  ICBM  defense.  One  point 
which  held  up  FABMDS  and  other  pro- 

grams earlier  was  the  need  for  an  over- 
all study  of  whether  this  nation  could 

afford  ICBM  defenses. 
If  the  answer  found  in  this  study 

was  favorable,  it  might  also  indicate  a 
brighter  future  for  Nike-Zeus  itself. 

Addition  of  the  ATBM  capability 
would  be  the  first  real  extension  of 
Hawk    performance.    Raytheon  Co., 

prime  contractor  on  the  air  defense 
system,  is  currently  producing  high- 
power  illumination  radars  which  are  just 
starting  to  be  introduced  into  deployed 
battalions.  However,  this  does  not  repre- 

sent an  improvement  in  capability,  but 
rather  increased  performance  against 
the  system's  design  threat. 

•  Hawk's  advance  —  The  proposal 
to  extend  the  Hawk  capability  to  cover 
the  ballistic  missile  threat  was  first  pro- 

posed by  the  Army  approximately  two 
years  ago,  when  the  first  Hawk  unit  was 
deployed  in  Europe.  The  basic  philos- 

ophy at  the  time  was  to  equip  only  the 
European  units  with  the  missile-killing 
Hawk.  Now  some  Defense  officials  feel 
that  the  system  could  be  effective  against 
submarine-launched  ballistic  missiles 
and,  therefore,  units  within  the  con- 

tinental United  States  should  be 
equipped  with  the  system. 

After  the  original  proposal,  the  im- 
proved Hawk  concept  was  discussed 

with  the  NATO  users  of  the  system.  It 
was  only  within  the  past  several  months, 
however,  that  approval  by  DOD  be- 

came a  distinct  possibility.  (Defense 

officials  deny  that  Cuba  had  any  bear- 
ing on  revival  of  the  program.  The  tac- 

tical ballistic  missile  threat  already 
existed  and  was  widely  recognized,  they 
point  out.) 

Hawk  has  already  proved  its  capa- 
bility against  battlefield  rockets  of  the 

Honest  John  and  Little  John  class  by 
successfully  intercepting  them  using 
only  equipment  organic  to  the  battalion. 
However,  this  presently  appears  to  be  a 
"technical  capability"  as  opposed  to  an 
"operational  capability"  since  it  depends 
to  a  large  extent  on  how  long  men  and 
equipment  can  be  maintained  in  a 
"super-ready"  condition  under  battle- field conditions. 

Intercept  of  a  Corporal  missile  has 
also  been  accomplished  with  the  Hawk. 
However,  this  required  additional  aug- 

mentation and  modification  of  tactical 
equipment.  The  intercept  took  place 
under  tightly  controlled  conditions  at 
the  elaborately  instrumented  White 
Sands  Missile  Range,  N.M.  Hawk  has 
not  been  used  to  try  to  intercept  second- 
generation,  solid-fueled  missiles  of  the 
Sergeant  class.  8 
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At  AIF/ANS  meeting . 

AEC  Reorganization  Debate  Deepens 

88th  Congress  will  weigh  advisability  of  single 

administrator  instead  of  present  five-man  body 

CONGRESS  early  next  year  will 
take  up  the  question  of  whether  the 
present  five-man  Atomic  Energy  Com- 

mission should  be  replaced  by  a  single 
administrator.  This  was  disclosed  at 

last  week's  joint  Atomic  Industrial 
Forum  and  American  Nuclear  Society 
meeting  in  Washington. 

The  prospect  of  Congressional  hear- 
ings on  the  subject  is  of  considerable 

significance  to  the  missile/space  indus- 
try in  light  of  AEC's  growing  role  in 

the  nation's  space  programs. 
The  announcement  confirmed  re- 

ports last  summer  that  a  single-manager 
approach  to  AEC  management  was 
under  consideration  by  the  Adminis- 

tration (M/R,  Aug.  13,  p.  54). 
The  reorganized  body  probably 

would  be  headed  by  a  single  manager 
having  control  over  all  programs,  but 
a  three-man  commission  also  is  a  pos- 

sibility. The  latter  alternative,  replacing 
the  present  five-man  commission  with 
three  men,  would  be  an  attempt  to  re- 

tain the  advantages  of  multiple-manager 
operation,  while  eliminating  some  of  the 
more  serious  charges  that  there  are  now 
too  many  fingers  in  the  pie. 

Sen.  John  O.  Pastore  (D-R.I.)  and 
Rep.  Chet  Holifield  (D-Calif.)  dis- 

cussed the  possibility  at  joint  press  con- 
ference shortly  after  Republican  Rep. 

Craig  Hosmer  (Calif.)  fired  the  first 
volley  of  what  is  certain  to  become  a 
major  controversy  in  the  management 
of  AEC  programs. 

Reverberations  of  hearings  now  be- 
ing planned  by  the  Congressional  Joint 

Committee  on  Atomic  Energy  on  the 
subject  of  AEC  operations  are  sure  to 
be  felt  in  nearly  every  other  agency 
handling  advanced  research. 

Holifield  is  now  chairman  of  the 
JCAE;  Pastore,  now  vice  chairman,  will 
take  over  the  chairmanship  in  January 
as  called  for  by  rules  giving  the  two 
houses  of  Congress  alternating  control 
over  the  body. 

•  Open  minds — Both  men  said  they 
had  no  preconceived  notions  on  the 
subject  at  this  time  and  will  await  the 
outcome  of  hearings.  Pastore  said  he 
would   favor  the   single-manager  ap- 

by  Frank  G.  McGuire 

proach  if  the  Administration  found 
such  a  scheme  advisable  and  took  the 
initiative.  Holifield  said  he  wants  proof 
that  the  present  system  is  not  working 
before  he  will  advocate  any  changes. 

"I  have  sat  through  this  meeting  of 
nuclear  industry  representatives  and 
heard  them  applaud  whenever  an  AEC 
action  was  discussed,  and  yet  they  all 
want  it  abolished!"  Holified  commented. 

"I  want  to  ask  a  lot  of  questions 
about  this  before  I  recommend  any- 

thing, and  I  want  to  look  at  the  alter- 
natives," he  said.  "The  five-man  body 

has  many  advantages,  since  the  com- 
missioners are  Presidential  appointees 

with  diverse  backgrounds,  and  I  don't 
know  what  effects  a  single-manager  sys- 

tem might  have  on  the  field.  I'd  like  to 
explore,  for  example,  the  possibility  of 
increased  prominence  of  the  AEC's  gen- 

eral manager  for  improved  operation  of 
programs.  More  than  anything,  how- 

ever, I  want  to  see  proof  that  the  pres- 
ent system  hasn't  worked." Both  Holifield  and  Pastore  indicated 

there  would  be  hearings  early  next  year 
on  the  subject,  with  likelihood  of  con- 

siderable controversy  over  whether  or 
not  the  present  system  is,  in  fact,  work- 

ing as  well  as  necessary  to  get  the  job 

of  nuclear  development  done. 
•  Hosmer  attacks  —  Hosmer,  who 

delivered  his  remarks  to  a  morning 
panel  discussion  in  the  AIF  portion  of 
the  joint  meeting,  has  been  a  frequent 
critic  of  nuclear  program  management. 
During  September  hearings  covering  the 
Rover  program,  he  particularly  probed 

the  management  of  Harold  B.  Finger's Space  Nuclear  Propulsion  Office,  a  joint 
AEC/ NASA  organization. 

(Hammering  away  at  Finger  in  an 
effort  to  determine  whether  the  Rover 

program's  manager  was  overloaded  with 
work,  or  was  delaying  important  deci- 

sions by  his  extensive  absences,  Hosmer 
made  it  clear  he  was  keeping  a  sharp 
lookout  for  possible  loose  management 
practices  and  other  organizational  short- 

comings. His  efforts  to  uncover  poor 
management  in  SNPO  were  unproduc- 

tive at  the  time,  but  he  commented, 

after  discussing  SNPO's  complex,  wide- 
spread setup  with  NASA  Administrator 

James  Webb:  "Mr.  Webb,  you  de- 
scribed this  setup  as  a  brilliant  organi- 
zational jewel  and  I  can't  even  under- 

stand what  it  is  from  reading  the  testi- 
mony, let  alone  hearing  it.") During  the  AIF  panel,  Hosmer  said 

JCAE  had  pre-empted  some  AEC  func- 

Ho/i  field  Hits  at  'Moon  Madness1 
A  BLAST  at  what  he  termed 

"Moon  madness"  was  unleashed  dur- 
ing the  AIF/ANS  meeting  by  Rep. 

Chet  Holifield  (D-Calif.),  who  de- 
plored the  "unbalanced"  nature  of 

Federal  expenditures  on  space  pro- 
grams at  the  expense  of  other  needed 

programs. 
"When  this  Congress  passes,  with- 
out serious  objection,  a  multibillion- 

dollar  bill  to  provide  NASA  with  the 
means  for  getting  us  to  the  Moon, 
then  the  Budget  Bureau  holds  up 
$600,000  of  an  appropriation  for  the 
experimental  irradiation  of  food  to 
test  preservation,  I  think  we've  got 
Moon  madness,"  Holifield  charged. 

Stressing  that  he  is  not  anti- 

space,  the  Chairman  of  the  JCAE 
said  he  nevertheless  feels  much  of 

NASA's  budget  could  be  reduced 
without  defeating  the  U.S.  purpose 
of  getting  to  the  Moon.  He  strongly 
questioned  the  priority  assigned  the 
manned  lunar  landing. 

"When  you  give  so  much  of  the 
pie  to  NASA,"  he  said,  "other  parts 
of  the  pie  have  got  to  be  smaller." He  cited  the  various  atoms-for- 
peace  programs  which  are  now  cur- 

tailed, but  emphasized  that  he  is  not 
advocating  the  use  of  funds  to  det- 

onate nuclear  weapons  underground 
".  .  .  just  to  show  that  we  can  build 
a  harbor.  I'm  talking  about  worth- 

while, meaningful  programs." 
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RECENTLY  RELEASED  schematic  of  SNAP  10 A. 

tions  because  of  AEC  inactivity  due  to 
its  organizational  structure.  Singling  out 
research  and  development  functions, 
Hosmer  said  the  field  is  one  in  which 
success  can  be  neither  legislated  nor  ef- 

fectively controlled  by  a  commission 
or  a  committee. 

"The  general  direction  and  guide- 
lines for  areas  of  research  are  functions 

which  at  present — to  a  remarkable  ex- 
tent— have  been  pre-empted  by  the 

JCAE  .  .  .  and  in  nuclear  space  matters 

by  the  President's  scientific  advisors," the  Congressman  charged. 

Commenting  that  "The  AEC  seems 
pretty  much  to  have  become  an  anach- 

ronism at  this  point  in  its  16-year  his- 
tory," Hosmer  appeared  to  be  antici- 
pating a  "whitewash"  by  adding: 

"I  predict  that  the  reorganization 
problem  will  receive  the  long  and 
thorough  study  it  deserves,  and  that  the 
Joint  Committee  will  be  slow  to  disturb 
the  system  by  which  it  has  come  to 
exercise  such  dominance  over  the  years 
that  it  is  reputed  to  be  the  most  power- 

ful committee  of  the  Congress — and, 
somehow,  the  AEC  has  worked,  even 

though  it  shouldn't." Judging  by  the  mood  at  the  joint 
meeting,  Hosmer  has  considerable  sup- 

port among  members  of  the  nuclear 
fraternity,  but  how  much  of  the  com- 

plaining is  legitimate  criticism  of  AEC's 
operation  and  how  much  is  of  a  "sour 
grapes"  nature  is  highly  debatable.  The 
civilian  electric  power  industry,  one  of 
whose  prime  battles  is  government  vs. 
private  power,  has  clashed  with  AEC. 

Laying  out  what  he  feels  to  be  the 
four  major  problem  areas  for  nuclear 
energy  for  the  decade  ahead,  Hosmer 
cited:  (1)  continued  maintenance  of 
weapons  superiority;  (2)  large-scale  de- 

velopment of  nuclear  space  applications; 
(3)  economic  civilian  nuclear  power 
generation;  and  (4)  transition  of  peace- 

time atomic  energy  from  government  to 
private  industry. 

•  Favors  one  man — Hosmer  recom- 
mended that  a  "director,  not  a  board  of 

directors"  be  established  to  handle  the 
AEC's  operations.  He  pointed  at  what 
he  called  a  series  of  disputes  revolving 
around  licensing  and  regulatory  func- 

tions, public  vs.  private  power,  and  dis- 
putes between  JCAE  and  AEC  on 

many  items  of  policy.  The  JCAE  is 
aided  in  these  disputes  by  the  relative 
permanency  of  its  membership,  he  said: 
"Since  1954,  defects — alleged  or  real — have  appeared  which  have  led  the  AEC 
to  recommend  its  own  abolition  .  .  . 
and  many  others  to  second  the  motion." 

Hearings  now  being  planned  by 
JCAE  apparently  will  determine  whether 
an  act  of  Congress  amending  the  Atomic 
Energy  Act  will  officially  second  the 
motion  and  completely  reorganize  the 
government's  atomic  energy  operations. 

Whether  or  not  any  legislation  will 
come  out  of  the  hearings  has  not  been 
predicted,  and  no  estimated  date  for 
beginning  hearings  has  been  given. 

•  SNAP  level  hit — Criticism  of  the 
space  nuclear  power  development  pace 
was  voiced  by  several  authors  at  the 
meetings.  Power  supplies  for  communi- 

cations satellites  were  singled  out  as 
examples  of  both  too  slow  a  pace  and 
too  low  a  power  level. 

Jerome  G.  Morse,  director  of  Mar- 
tin Marietta  Corp.'s  auxiliary  power 

systems  department,  said  there  are  no 
nuclear  space  power  systems  now  under 
specific  development  for  communica- 

tions satellites,  and  consequently  other 
systems  must  be  adapted  for  them. 

He  recommended  that  technical  re- 
quirements for  such  power  supplies  be 

established  immediately  to  "give  direc- 
tion and  purpose  to  present  develop- 
ment programs."  In  laying  out  the  find- 

ings of  an  industry  committee  to  ex- 
amine nuclear  power  for  space  applica- 
tions, Morse  said: 

"General  acceptance  of  radioisotope 
systems  and  establishment  of  concrete 
plans  for  their  use,  together  with  avail- 

ability of  long-lived  alpha-emitters  at 
reasonable  cost,  constitute  major  prob- 

lem areas  in  the  development  and  ap- 
plication of  these  systems  for  space 

power." 

Morse  pointed  out  that  the  largest 
power  system  now  in  hardware  develop- 

ment is  the  SNAPS  reactor,  with  its 
30-kw  turboelectric  conversion  unit. 
Doubling  up  on  the  conversion  units 
can  make  the  system  put  out  60  kw,  but 
this  is  still  in  the  feasibility  study  stage. 

The  only  high-power  system  cur- 
rently being  funded — but  not  yet  in 

any  advanced  state  of  hardware  de- 
velopment— is  the  SNAP -50  system  for 

power  levels  in  the  multi-kilowatt  and 
possibly  megawatt  range,  Morse  noted. 
Other  high-power  possibilities  are  of- 

fered by  thermionic  reactor  systems, 
which  also  may  have  good  character- 

istics in  weight  and  reliability,  and  op- 
erational usefulness  is  expected  by  1970. 

SNAP-10A,  first  reactor  system  to 
be  flight-tested,  is  expected  to  go  into 
orbit  in  an  Agena  vehicle  next  year 
for  a  period  of  500-watt  operation.  Ac- 

cording to  Morse,  high-temperature  ma- 
terials will  allow  growth  potential  in 

the  thermoelectric  conversion  unit. 

Beyond  SNAP-10A  are  SNAPS, 
with  first  flight  due  in  1966  for  op- 

eration of  an  electric  propulsion  unit, 
and  SNAP-2,  the  initial  flight  of  which 
may  come  shortly  before  SNAPS.  (All 
are  reactor  systems,  as  opposed  to  the 
numerous  isotope-powered  nuclear  units 
being  planned.  Isotope  power  units  are 
identified  by  odd-number  designations, 
and  reactor  power  units  are  labeled  with even  numbers.) 

Morse  recommended  greater  em- 
phasis on  isotope  units  for  communica- 

tion satellites,  and  greater  coordination 
in  formulation  of  specific  plans  for 
use  of  thermoelectric  and  turboelectric 
power  sources.  He  also  urged  that  ear- 

lier attention  be  given  to  problems  as- 
sociated with  integration  of  nuclear, 

non-nuclear  and  electrical  components 
of  a  communication  satellite  payload; 
and  that  better  data  be  developed  for 
total  system  costs  in  order  to  accurately 
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evaluate  economies  and  understand  the 
cross-effects  of  design  on  the  power 
system  and  the  launch  vehicle. 

The  final  recommendation  in  the 
report  is  a  loosening  of  the  clamp  on 
nuclear  systems  information.  "While  the 
need  for  classification  of  certain  tech- 

nical information  on  systems  developed 
by  the  military  is  recognized,"  Morse 
stated,  '"many  existing  restrictions  seem 
to  needlessly  impede  the  interchange  of 
information  between  users  and  develop- 

ers, both  in  industry  and  government." 
In  a  somewhat  parallel  series  of  con- 

clusions, R.  P.  Haviland  of  General 

Electric  laid  out  his  company"s  estimates 
of  future  nuclear  space  power  require- 

ments, noting  that  "one  of  the  major differences  between  these  estimates  and 
the  current  nuclear  space  power  tech- 

nology lies  in  the  design  lifetime.  In 
general,  these  estimates  indicate  that  the 
lifetime  must  be  appreciably  greater  than 
is  contemplated  by  existing  programs. 

"'A  space  power  pack  of  10,000 
hours'  operating  life  is  very  unattractive 
in  many  applications.  At  100,000  hours 
of  operating  life,  the  pack  probably  be- 

comes useful,  with  a  few  exceptions  for 
which  even  longer  lives  are  either  highly 
preferred  or  necessary." 

He  points  out,  in  connection  with 
manned  operations,  that  all  of  the  de- 

sign estimates  available  are  based  on 
"leaky"  fast  reactors — that  is,  the  neu- 

trons escaping  from  the  reactors  become 
an  additional  source  of  particles  trapped 
in  radiation  belts.  This,  says  Haviland, 
may  be  a  sufficiently  great  problem  to 
prevent  use  of  such  leaky  reactors  close 
to  a  planet;  he  suggests  that  studies  be 
made  of  the  problem. 

•  Nuclear  propulsion — Raemer  E. 
Schreiber,  Los  Alamos  Scientific  Lab- 

oratory's Technical  Associate  Director, 
said  his  organization  expects  to  be  out 
of  the  NERVA  business  "in  a  year  or 
so,"  thus  leaving  the  industrial  contrac- 

tors to  pursue  Rover  while  LASL  turns 
almost  all  its  nuclear  rocketry  attention 
to  advanced  concepts.  He  said  the  key 
to  higher  performance  lies  in  these  con- 

cepts due  to  temperature  limitations  of 
the  present  solid-core  reactor  materials. 

"Even  so,"  he  added,  "we  need  good 
core-retention  schemes  to  keep  a  gase- 

ous core  inside  the  reactor."  The 
gaseous  core  is  being  looked  to,  in  addi- 

tion to  other  concepts,  as  an  answer 
to  the  materials  temperature-limitation 
problem.  Schreiber  noted  that  even  the 
Kiwi-B  series  of  ground  test  reactors  are 
still  having  core  structural  problems, 
but  that  these  were  relatively  under 
control,  and  that  the  reactors  have 
proved  to  be  quite  self-stabilizing  in  op- 

eration— even  in  those  instances  where 
portions  of  the  core  were  ejected  from 
the  reactor  system. 

On  a  subject  not  related  to  the 
actual  design  characteristics  of  the  nu- 
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clear  rockets,  Schreiber  echoed  many 
other  critics — among  them  are  Ad- 

miral Hyman  G.  Rickover  and  NASA's 
Werner  von  Braun — in  castigating  U.S. 
industry  and  its  performance. 

"During  the  entire  program,  we 
have  been  greatly  disappointed  at  the 
consistent  failure  of  contractors  simply 
to  meet  the  agreed  specifications  of 
hardware  supplied  to  us,'-'  he  declared, 
"and  some  of  our  troubles  stemmed 
from  unjustified  confidence  placed  on 
items  of  hardware." 

He  cited  a  hydrogen  leakage  which 
caused  an  explosion  at  the  Nevada  test 
site,  delaying  the  program.  "We  falsely 
assumed  that  closing  a  high-pressure 
valve  meant  we  had  stopped  the  hydro- 

gen flow,  as  per  manufacturer's  claims," Schreiber  noted,  adding  that  the  current 
setup  consists  of  two  high-pressure  valves 
on  the  line  in  series,  with  the  area  be- 

tween the  valves  purged  by  inert  gas. 
Speaking  to  a  capacity  audience  dur- 
ing the  technical  session,  he  commented 

briefly  on  several  advanced  concepts, 
becoming  more  and  more  reluctant  to 
accept  claimed  performance  figures  at 
face  value  as  the  concept  became  more 
theoretical.  Included  were  such  concepts 
as  fission-fragment  recoil,  nuclear  fu- 

sion, photon  drive,  proton/ anti-proton reactions,  and  others. 
Project  Orion  (M/R,  Oct.  29  p.  28) 

came  in  for  somewhat  more  favorable 
comment  from  Schreiber,  who  has  di- 

rected the  Rover  effort  at  LASL  since 
1955,  although  he  looked  askance  at 
the  potential  specific  impulse  figure  of 
100,000  seconds.  Aside  from  plasma  or 
charged-particle  accelerators,  which  de- 

rive their  electrical  energy  from  nuclear 
sources,  Schreiber  pointed  out  Projects 
Rover  and  Orion  as  the  only  two  nu- 

clear space  propulsion  programs  now 
receiving  active  government  support. 

He  noted  that  in  general  advanced 
research  on  nuclear  propulsion  is  "badly 
neglected,"  but  he  credited  Argonne 
National  Laboratory  and  NASA's  Lewis Research  Center  and  Marshall  Space 
Flight  Center  with  doing  much  of  the 
important  work  on  advanced  concepts 
and  mission  analysis. 

Placing  nuclear  propulsion  in  per- 
spective relative  to  chemical  systems, 

Schreiber  stated  that  even  with  present 
technology  we  could  perform  the 
manned  lunar  landing  and  return  with 
a  nuclear  stage  in  one  launching,  where- 

as an  all-chemical  system  requires  two 
launchings  and  an  orbital  rendezvous.  S 

System 
I.  SOLAR 

1.  Solar  Cells 
2.  Solar  Collector 
3.  Solar  Collector 
4.  Solar  Collector 
5.  Sunflower  I 6.  Solar  Binary »>6000-Mile  Orbit 

'^Synchronous  Orbit 
II.  CHEMICAL 

1.  H,0;  Fuel  Cell 2.  Ll-H:  Fuel  Cell 3.  VORTEX  MHD 
(Chem.  Fuel) 

III.  RADIOISOTOPE 

Power  Range Weight 
Unshielded 

0  to  1  kw  ~  1  watt  lb. 
100  to  250  watts  5  watts/lb. 
1.5  to  15  kw  5  watts/lb. 
34  kw  2300(i) 

2800O 

3  kw  700  lbs. 
30  kw  1800  lbs. 

Photo-Voltaic 
T/l 

TU/'E 

TU/E 

TU/E TU.  E 

Design  Lile 

Several  Years 
lyr. 1  to  2  yr. 
10.000  hrs. 

Estimated 
Operational  Funding" Date  Agency 

NASA.  Etc 
Bendix Bendix AGN 

900  watts 
500  watts 
50  kw 

83  lbs. 127  lbs. 
293  (incl. 150  lbs.  fuel  j 

lyr. lyr. 

1000  hrs. 1  yr. 
60  mins. 

1.  SNAP  3 3  watts 4  lbs. T/E 3  mos (Po-210) 

5  yrs. 
2.  Transit  IV  A 2.7  watts 4.6  lbs. T/E 

and  B  (Pu-238) 
5  yrs. 3.  SNAP  9A 25  watts 27  lbs. 

T/E (Pu-238) 4.  SNAP  11 25  watts 30  lbs. T/E 3  mos. 
(Cm-242) Pr 5.  SNAP  13 25  watts 8  lbs. 

T/l 
(Cm-242) 

>  5  yrs. 
6.  COMSAT 150  to  250  watts 1+  watts/lb.w T/E 

(Sr-90) 7.  Radioisotope 500  watts 
T/l 

lyr- 
(Ce-144) 

<300 (Cm-244) 
<  200 >  1  yr. ">High  Temperature  System 

IV.  REACTOR 
1.  SNAP  10A 500  watts 525  lbs. T/E lyr. 
2.  SNAP  2 2  kw 865  lbs. 

TU/E 
1  yr. 3.  SNAP  8 30  kw 1700  lbs. 

TU/E 
10,000  hrs. 

4.  SNAP  8> 60  kw 2700  lbs. 
TU/E 

10.000  hrs. 
5.  STAR-R 70  kw 1400  lbs. 

T/l lyr- 6.  START 60  kw 1000  lbs. 
T/l 1  yr. 7.  SPUR 300  kw 2800  lbs. 
TU/E 

10,000  hrs. 
8.  T/l  REACTOR 300  kw 1200  lbs. 

T/l lyr. 
9.  DCR-300 300  kw 1900  lbs. 

T/l lyr. 
10.  SNAP  50 100  kw  to  1  mw TU/E 

1960 
1961 

Study 

1965 

1964 
1965 
1966 

NASA  TRW AF  TRW 

TRW 
AF  (TRW TRW 

AEC  (.M-M A  EC  (M-M) 
AEC  (M-M) 

AEC  (M-M 
AEC  (M-M) M-M 

AEC  (M-M 

AEC  )A1 AEC  (Al 

AEC  (Ah 
Feasibility  Study  AEC-NASA 

(AI-AGNi 

—  GE 

—  M-M 
Phase  I  Study  AF  (AGN 
Study  AEC  (Al 
—  M-M 

~  1970      AEC  PW 
•Listing  of  Company  Indicates  In-House  Funding. 
Al        Atomics  International         M-M     Martin  Marietta 
AGN     Aerojet-General  PW      Pratt  &  Whitney GE       General  Electric  TRW    Thompson  Ramo  Wooldridge 
(Note:  This  table  is  not  complete;  it  represents  submissions  requested  of  participants.  ; 
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Present  systems  lacking  .  . . 

Command  and  Control  Overhaul  Due 

Conferees  find  changing  needs  demand  new 

emphasis  on  flexibility  for  military  commander 

Hot  Springs,  Va.  —  The  United 
States  has  undertaken  a  new  phase  of 
development  of  its  command  and  con- 

trol systems — on  both  the  national  and 
military  command  level — to  provide  far 
greater  real-time  flexibility  for  the  mili- 

tary command  user. 
Growing  disenchantment  with  many 

highly  automated  C&C  systems  is  caus- 
ing a  major  shift  in  emphasis  from 

hardware  development  to  the  so-called 
"software"  aspects — the  programs,  pro- 

cedures, language  and  man-machine 
relationships. 

Assistant  Air  Force  Secretary 
Brockway  McMillan  keynoted  the  shift 
at  the  First  Congress  on  the  Informa- 

tion Sciences,  which  met  here  late  last 
month  under  the  sponsorship  of  the 
AF's  Electronics  Systems  Command 
and  the  Mitre  Corp. 

"It  probably  won't  surprise  you," 
McMillan  told  more  than  250  assem- 

bled scientists  and  engineers,  "but  I 
don't  think  that  the  engineering  of, 
specifically,  military  command  and  con- 

trol systems  is  very  highly  developed." McMillan  quickly  added  that  this 
was  something  that  "nobody  should  be 
ashamed  of."  But  he  went  on  to  say: 
"Because  I  think  that  this  (military 
C&C)  is  a  domain  in  which  we  have  at 
best  only  a  partial  mastery  of  the  en- 

gineering process,  I  am  concerned  that 
we  may  inadvertently  ask  too  much  of 
that  process.  I  urge  humility. 

"Let's  not  try  to  design  things  which 
we  don't  fully  understand;  and,  above 
all,  let's  not  design  too  much  into 
our  systems.  As  far  as  I'm  concerned, 
today  a  command  and  control  system 
exists  to  support  the  commander,  not 
to  supplant  him.  This  means  that  it  must 
be  flexible  and  responsive  to  his  wishes; 
it  must  not  conceal  alternatives  or  make 
tacit  assumptions;  and,  above  all,  it 
must  not  make  commitments  of  which 
the  commander  is  not  aware." 

There  were  few  surprised  faces  in 
the  audience.  Later  in  the  two-day  ses- 

sion, several  leading  scientists  voiced 
their  own  disappointment  with  several, 
generally  unnamed.  C&C  systems. 

o  Changing  picture  —  What  form 
new  systems  will  take,  assuming  new 
systems  emerge,  is  not  yet  clear.  But 
some  facts  have  become  apparent: 

—Gains  in  development  of  hard- 
ware— high-speed  computers,  sensors, 

and  communications  equipment — have 
far  outstripped  the  forward  motion  of 
the  information  sciences. 

—It  is  much  more  difficult  to  effec- 
tively automate  military  C&C  systems 

than  was  generally  expected  just  a  few 
years  ago. 

—Preoccupation  with  hardware,  and 
emphasis  on  the  system  programer 
rather  than  the  military  user,  has  been 
compounded  during  the  past  two  years 
by  almost  daily  changes  in  the  inter- 

national political-military  picture — and 
by  rapidly  evolving  alterations  in  U.S. 
military  policy.  The  latter  revisions 

reflect  the  Kennedy  Administration's stated  requirement  for  a  wider  choice 
of  military  response  than  resort  to 
nuclear  war. 

The  move  away  from  massive  nu- 
clear retaliation  as  necessarily  the  most 

favored  or  likely  U.S.  response  has 
brought  a  crisis  in  command  and  con- 

trol. The  multiplication  of  intelligence 
and  support  data  needed  for  all  other 
alternatives  and  countermoves  threatens, 
in  the  opinion  of  some  observers,  to 
swamp  current  C&C  concepts. 

Still  other  factors — vast  increases 
in  weapon  yield  and  sophistication,  im- 

proved reconnaissance  inputs,  shortened 
delivery  and  warning  times — contribute 
to  the  growing  feeling  that  even  the 
most  foresighted  of  yesterday's  pro- 

grams are  inadequate. 
It  is  now  recognized  that  it  is  vir- 

tually impossible  to  freeze  certain  inputs 
to  a  C&C  system  months,  perhaps  years, 
before  it  is  to  be  put  into  service.  It  is 
also  clear  that  the  military  leader  has 
vital  experience  and  background  for 
military  decision-making,  and  that  he 
must  not  be  left  out  of  the  system.  The 
C&C  system  must  be  made  to  support 
the  military  commander — to  help  him 
make  the  decisions,  not  to  make  them 
for  him. 

A  fact  also  to  be  dealt  with,  for- 
tunately in  its  largest  sense,  is  that  we 

have  no  real  experience  with  nuclear 
wars  of  any  type  to  call  on  in  designing 
a  system  which  must  have  information 
of  immediate  import  to  a  commander 
during  a  conflict. 

By  Michael  Getler 

o  Flexibility  goal — There  is  now, 
and  has  been  for  some  time,  some  form 
of  national  military  command  and  con- 

trol in  the  U.S.  In  recent  years,  it  has 
been  improved  with  gains  in  communi- 

cations and  data  processing.  But  in- 
formed persons  in  this  area  point  out 

that  it  must  be  even  better  to  exercise 
the  kind  of  control  required  to  deal 
with  complex  military-political  situa- 

tions which  can  unfold  with  amazing 
lethality  in  minutes. 

It  must  not  be  preprogramed  to  the 
extent  that  it  cannot  be  rapidly  changed. 
It  must  be  geared  to  a  wide  range  of 
selective  response  and  must  also  be 
capable  of  aiding  in  evaluation  of  un- 

certainties which  may  develop  with  new 
weapons  used  for  the  first  time  in 
battle.  It  must  be  flexible  to  be  effective, 
must  be  understood  by  the  users,  must 
allow  for  political  and  even  legal  con- 

siderations, and  it  must  survive. 
Above  all  else  (it  is  stressed)  it  must 

be  based  on  a  firm  understanding  of 
military  command  doctrine  and  able 
to  supply  relevant  information  within 
the  context  of  the  user  command. 

To  achieve  this  flexibility,  if  it  can 
be  had,  C&C  experts  are  turning  at- 

tention away  from  computers  and  asso- 
ciated data-processing  devices — already 

highly  developed  and  sufficient  for  many 
new  applications  now  being  discussed — 
and  will  study  an  assortment  of  basic 
but  critical  problems. 

This  will  include:  a  new  and  hard 
look  at  basic  theory  and  doctrine  of 
military  command;  an  attempt  to  un- 

tangle an  immense  C&C  language  and 
semantic  problem;  applications,  perhaps 
sooner  than  anticipated,  of  basic  re- 

search in  artificial  intelligence;  and  a 
host  of  new  programing  schemes  rang- 

ing from  basically  unprogramed  com- 
puter tools  to  time-sharing  methods. 

•  Long  row  to  hoe — Now  that  the 
fog  surrounding  C&C  has  been  officially 
recognized,  it  still  is  apt  to  be  a  long 
time  before  it  is  cleared  away.  This  may 
mean  great  difficulty  in  starting  expen- sive new  systems. 

Examination  of  C&C  by  the  con- 
ferees here  revealed  that  many  arc 

generally  disappointed  with  several  U.S. 
systems,  either  operational  or  still  under 
development.  Though  the  military  sys- 
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terns  took  a  critical  beating  in  terms  of 
their  ability  to  react  to  realistic  real-time 
situations,  several  observers  went  on 
record  in  defense  of  the  military's  use 
of  this  equipment,  once  delivered.  They 
also  pointed  out,  perhaps  negatively, 
that  the  experience  gained  with  these 
systems  did  at  least  serve  to  bring  us 
to  this  point  of  re-examination. 

The  military,  it  was  declared,  had 
shown  itself  to  be  especially  adroit  in 
adapting  formats  to  real  problems,  de- 

spite that  fact  that  the  system  may 
have  been  programed  much  earlier  by 
persons  somewhat  removed  from  the 
military. 

The  billion-dollar  SAGE  system, 
most  often  used  as  an  example  of  what*s 
happened  with  C&C  systems,  was  gen- 

erally assessed  as  effective,  in  a  narrow 
sense,  for  what  it  was  built  to  accom- 

plish; it  was  conceded  that  these  goals 
may  have  been  short-sighted  in  view  of 
the  time  period  between  concept  and  op- 

eration. Biggest  disadvantage  mentioned 
here  was  the  system's  vulnerability. 

•  Doctrine  lacking — The  congress 
also  pointed  up  the  considerable  con- 

fusion which  surrounds  the  basic  infor- 
mation concepts  about  which  effective 

C&C  must  be  built.  This  basically  in- 
volves determining  which  data  are  rele- 

vant and  which  are  padding.  To  many, 
the  lack  of  a  basic  doctrine  here  is 
critical.  There  is  more  than  one  expert 
who  feels  this  will  never  come. 

"We  have  been  fascinated  by  the 
technology,"  asserts  Dr.  Clark  C.  Abt, 
manager  of  Raytheon's  Strategic  Studies 
Dept.,  "but  we  do  not  yet  fully  under- stand the  command  function  with  the 
result  that  we  do  not  have  a  basic  theory 
of  military  command.  We  must  give 
more  study  to  the  commander.  The 
theory  of  command  itself  is  the  central 

area." Command  and  control  is  also  suffer- 
ing from  a  language  problem  which, 

unless  rectified,  could  severely  hamper 
further  work  in  this  area.  The  problem 
extends  from  computer  program  lan- 

guage to  foggy  definitions  attached  to 
discussion  terms,  to  lack  of  an  effective 
language  with  which  military  com- 

manders can  "talk"  to  a  computer. 
There  is  also  a  critical  problem  in  com- 

munication between  information  theor- 
ists and  design  engineers,  apparently  due 

to  lack  of  fully  understood  concepts 
and  terminology. 

Clearer  lines  must  be  drawn  be- 
tween the  types  of  C&C  systems.  There 

are  distinct  differences  in  the  design  re- 
quirements for  intelligence  systems,  field 

command  systems,  and  support  net- 
works such  as  logistics,  procurement, 

and  R&D. 
Computer  languages  are  being  made 

more  compatible  than  ever  before,  but 
several  persons  here  asserted  there  is 
need  for  either  better  educating  military 
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commanders  in  use  of  computer  lan- 
guage, or  applying  new  languages — 

possibly  straight  English — to  allow  freer 
communication  without  fear  of  mis- 
understanding. 

The  communications  problem  also 
exists  on  other  levels.  To  improve  de- 

sign, scientists  must  communicate  with 
and  understand  the  military.  There  are 
relatively  few,  in  either  the  information 
sciences  or  the  military,  sufficiently  well 
informed  of  both  areas. 

The  classification  problem  also  ap- 
pears when  information  must  be  kept 

out  of  discussion  areas  which  could 
lead  to  future  system  design. 

•  The  prod — The  signal  for  the  in- 
creased activity  now  going  into  the  in- 

formation processing  aspect  of  C&C 
came  in  June,  when  a  Secretary  of 
Defense  memorandum  was  circulated 
throughout  top  levels  of  the  defense  es- 

tablishment calling  out  areas  of  re- 
sponsibility for  the  technical  support 

of  the  national  military  C&C  system. 
Within  key  defense  groups  in  this 

area — the  Joint  Chiefs  of  Staff,  Director 
of  Defense  Research  and  Engineering, 
Defense  Communications  Agency  and 
the  armed  services — there  is  expected 
to  be  a  major  buildup  of  in-house 
talent  in  this  field.  Whether  or  not  the 
government  can  attract  enough  persons 
in  an  area  where  not  too  many  are 
qualified  remains  a  big  question. 

For  the  time  being,  some  observers 
feel  that  this  build-up  within  govern- 

ment may  keep  some  work  in-house 
rather  than  with  industry.  However, 
several  industrial  firms  have  put  to- 

gether considerable  talent  in  this  tech- 
nology; they  represent  a  formidable 

input  not  apt  to  be  ignored. 

o  Centralization  —  In  general,  a 
DOD  official  noted,  improved  national 
C&C  will  come  from  improved  systems 
all  the  way  up  the  line  from  the  field 
commander  through  the  hierarchy  of 
responsibility.  For  the  near  future,  most 
observers  here  felt  that  greater  flexibility 
for  the  user  would  be  attempted  by 
small  additions  and  format  changes  of 
existing  or  soon-to-be  available  sys- 

tems. This  would  also  re-enforce  a  trend 
to  centralization. 

Most  persons  here  privately  con- 
ceded that  the  trend  to  centralize  which 

has  been  associated  with  DOD  manage- 
ment to  date  is  also  apt  to  apply  to  C&C 

systems.  While  this  is  good  management 
for  a  lot  of  things,  many  feel  it  may 
not  be  suitable  in  the  long  run  for  C&C. 
Some  see  it  as  just  the  addition  of  more 
confusion  to  systems  which  are  already disorderly. 

The  centralization  issue  was  dis- 
cussed in  a  paper  by  Dr.  Norman  C. 

Dalkey  of  the  Rand  Corp.,  who  pointed 
to  concentration  during  the  past  five 
years  on:  central  nuclear  war  problems, 
partial  "systems,"  hardware,  vulnerabil- 

ity of  communications  and  command 
posts,  centralizing  decisions  in  a  few 
command  centers,  and  information  gath- 

ering systems. 
"Due  to  long  development  times 

and  the  large  sums  involved  in  pro- 
gramed systems,  we  can  expect  these 

trends  to  resist  modification,"  Dalkey 
said.  "However,  there  are  forces  which 
will  produce  some  major  changes  over 
the  next  five  to  ten  years. 

"The  major  force  will  be  the  shift 
in  national  strategic  policy  from  a  sim- 

ple retaliatory  posture  for  deterrence 
to  a  policy  of  flexible  response.  This 
policy  will  lead  to  greater  emphasis  on 
decision  systems  for  types  of  conflict 
other  than  all-out  nuclear  war,  and  at 
the  same  time  lead  to  requirements  for 
extended  C&C  capability  for  central war. 

"It  is  not  possible  to  prepare  con- 
tingency plans  to  meet  the  variety  of 

potential  conflicts  inherent  in  the  pres- 
ent, complex  international  situation. 

Techniques  for  rapidly  adjusting  to  un- 
foreseen conflicts  will  have  to  be  de- 
veloped. Undoubtedly  this  will  require 

larger-capacity  systems.  Part  of  this 
increased  capability  will  be  met  by  in- 

creased automation  for  both  data  sys- 
tems and  weapons;  part  will  be  met  by 

larger  and  more  efficiently  organized 

staffs." 

"One  of  the  first  points  where  this 
force  will  be  felt  is  vulnerability  reduc- 

tion," he  continued.  "However,  the 
present  emphasis  on  hardening  and  mo- 

bility as  solutions  to  the  vulnerability 
problem  will  run  afoul  of  a  simple  fact 
of  life,"  Dalkey  said:  "More  and  more 
complex  functions  cannot  be  crowded 
into  smaller  and  smaller  facilities. 
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"This  constraint  could  lead  to  at- 
tempts to  reduce  vulnerability  by  tech- 
niques that  are  more  integrally  related 

to  the  structure  of  information  systems; 
e.g.,  distributed  communications,  less 
centralized  command,  increased  auto- 

mation of  lower-level  functions.  These 
modifications  will  be  aided  by  the  fact 
that  in  many  cases  they  would  afford 
positive  improvements  in  command 
capabilities  as  well  as  increased  sur- 
vivability. 

"Implementation  of  distributed  com- 
munications and  increased  automation 

at  lower  levels  of  command  will  depend 
mainly  on  technical  advances.  Distrib- 

uted command,  however,  runs  counter 
to  the  trend  toward  centralization. 

"Behind  this  trend  are  a  variety  of 
powerful  motivations:  The  strategic 
problem  does  not  neatly  factor  into  sub- 
problems.  The  significance  of  elemen- 

tary events  is  large — one  weapon  can 
wipe  out  a  city — and  thus  light  control 
by  the  highest,  most  responsible  au- 

thority is  indicated.  In  the  present  state 
of  the  art,  centralization  can  produce 
significant  gains  in  data-processing  ef- 

ficiency. More  generally,  commanders 
normally  want  as  rich  and  complete 
control  of  forces  under  them  as  is  feasi- 

ble. On  the  other  hand,  there  are  serious 
drawbacks  to  radical  centralization  in 
addition  to  intensification  of  vulnera- 
bility. 

"The  burden  of  decision  on  the  cen- 
tral command  is  increased,"  declared 

Dalkey.  "Mistakes  at  the  central  level 
are  amplified;  overall  flexibility  is  sacri- 

ficed. There  will  be  a  continuing  attempt 
to  balance  these  conflicting  considera- 

tions, but  I  will  hazard  the  estimate  that 
for  some  years  to  come,  the  political 
advantages  of  centralization  will  out- 

weigh the  operational  disadvantages. 
"One  further  factor  favoring  cen- 

tralization relates  to  coherency  and  the 

multiplication  of  separate  'systems.'  The hazards  involved  in  developing  a  large 
number  of  more  or  less  independently 
designed  information-handling  struc- 

tures was  one  of  the  earliest  recognized 
problems  in  the  C&C  field.  Originally 
known  as  the  'interface'  problem,  the 
difficulties  are  now  recognized  as  being 
more  profound  than  just  compatibility 
of  formats  and  communications. 

One  mode  of  approach  to  the  prob- 
lem of  coherency  is  centralization. 

However,  the  approach  is  self-defeating 
if  centralization  merely  means  piling 
further  separate  structures  on  top  of 
functionally  uncoordinated  subsystems. 

"It  would  be  pleasant  to  predict  that 
the  multiplication  of  separate  systems 
is  about  to  be  reversed;  however,  the 
probability  is  that  in  the  near  future 
there  will  not  be  a  significant  change 
in  this  massive  trend.  The  creation  of 
a  national  military  system  will,  for  the 
time  being,  add  one  or  possibly  several 

new  systems.  Tying  all  the  elements 
together  into  some  kind  of  coherent 
structure  will  be  a  slow  and  painful 

process. In  the  meantime,  advances  in  weap- 
ons technology  and  richer  interpreta- 

tions of  strategic  doctrine  will  require 
new  system  elements.  Operations  in 
space,  non-central  conflicts,  cooperation 
with  a  more  self-sufficient  European 
community,  are  some  of  the  major  per- 

turbations that  will  be  experienced 

shortly." •  Two  sets  of  needs — Dr.  Herbert 
Benington  of  Systems  Development 
Corp.  presented  a  paper  outlining  the 
significant  differences  in  system  needs 
for  a  policy  of  selective  or  controlled 
response — as  opposed  to  the  set-piece 
or  spasm  response  which  characterized 

U.S.  thinking  in  the  '50's. 
Benington  listed  five  salient  func- 

tions: 
1)  More  attack  options  must  be 

provided  to  the  senior  decision-makers, 
and  definition  of  these  options  involves 
both  political  and  military  considera- 

tions. Some  of  these  options  can  be  in- 
cluded in  preprogramed  war  plans. 

Others  must  be  drawn  up  while  the 
battle  is  under  way.  Selective  response 
aims  for  restraint,  coercion,  and  nego- 
tiation. 

2)  Delay  and  restraint  require  sur- 
vivability in  a  state  of  readiness  possi- 

bly for  days  or  weeks. 
3)  It  may  be  essential  to  maintain 

the  role  of  the  presidency  in  addition 
to  the  office  of  commander-in-chief. 
Assessment,  coercion,  and  negotiation 
will  not  be  purely  military.  They  may 
also  involve  political  settlements  of  the 
crisis,  or  a  detente  on  a  broader  scale. 

4)  Warning  and  reconnaissance 
must  endure  and  function — allowing 
decision-makers  to  see  what  the  enemy 
is  doing,  his  and  our  successes,  dam- 

ages, and  activity  in  other  nations. 
During  strategic  exchanges,  measures 
for  arms  control  and  inspection  may 
become  suddenly  appealing  for  both 
sides. 

5)  We  must  be  sensitive  to  the 
command  arrangements  of  allies  and 
the  enemy. 

This  last  area  is  expected  to  be  of 
increased  concern  in  the  near  future. 
Some  scientists  here  called  for  in- 

creased government  funding  of  studies 
of  Soviet  capabilities  in  C&C.  Whether 
or  not  there  is  an  advantage  in  a  C&C 
"gap"  is  debatable.  Ideally,  many  feel 
that  the  higher  C&C  is  developed  in 
both  adversaries  the  better  the  chance 
for  some  sort  of  negotiated  survival. 

•  A  prescription  —  In  his  paper, 
Benington  also  sensed  the  disillusion- 

ment that  many  now  feel  towards  ap- 
plication of  technology  in  this  area,  and 

outlined  his  views  on  what  we  must 

learn  if  technology  is  to  help  the  com- mander. 

"First,  I  think  we  must  learn  much 
better  to  distinguish  between  those 
tools  which  can  be  developed  outside 
of  the  operational  command  and  the 
structuring  of  those  tools  within  the 
user's  organization  under  the  user's choice  and  direction. 

"For  those  tools  developed  outside 
the  command — communication  tech- 

niques, computers,  consoles  and  pro- 
graming languages — we  should  try  to 

be  much  less  command-  or  system- 
specific.  We  should  ensure  that  a  family 
of  state-of-the-art  elements  is  available 
to  the  user  with  known  costs,  proven 
reliability,  and  short  lead  times.  Many 
of  these  components  are  already  being 
developed  by  industry. 

"Within  the  using  command,  we 
must  develop  a  technical  capability — an 
organizational  resource — that  will  en- 

able the  command  to  perform  several 
functions: 

"First,  to  plan  where  the  command 
might  be  going  and  to  estimate  where 
some  early  use  of  automated  aids  will 

help.  In  such  a  plan,  we  shouldn't  allow grandiose  notions — the  opportunity  of 
automated  aids  is  often  hypnotic.  On 

the  other  hand,  we  shouldn't  expect 
rigorous  justifications  of  bandwidth, 
computer  size,  or  numbers  of  consoles. 
We  should  expect  a  continuous  experi- 

mentation on  the  part  of  the  user  to 
find  out  where  the  automated  aids  will 
help. 

"Second,  the  user's  technical  capa- 
bility should  be  strong  enough  to  imple- 

ment this  plan — that  is,  to  develop 
the  communication  formats,  methods 
and  procedures,  organizational  changes, 
command  exercises,  and  computer  pro- 

grams, if  any,  which  will  turn  these 
unstructured  tools  into  an  integrated 
subset  of  the  command  process. 

"Third,  the  user  should  be  capable 
of  operating  and  evaluating  this  com- 

plex so  that  it  meets  the  goal  of  a 
knowledgeable  user  managing  a  com- 

mand whose  realism  and  adaptiveness 
have  been  aided,  not  hindered,  by  tech- 

nological aids. 
"Provision  of  this  technical  support 

to  the  user  is  our  biggest  challenge.  This 
support  must  be  continuous — ad  hoc 
groups  won't  help.  It  must  be  used  and 
trusted — reporting  at  a  low  level  or  not 

being  taken  in  on  the  command's private  matters  will  soon  vitiate  the capability. 

"And,  equally  important,  it  must 
be  respected  by  the  most  technically 
qualified  critics.  There  is  too  often  a 
tendency  when  an  operating  command 
seems  technically  naive  to  reject  their 
plans  or  to  do  their  technical  work  for 
them.  It  would  be  more  appropriate  to 

help  them  help  themselves."  8 
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Technical  Countdown 

ELECTRONICS 

Bonus  Obtained  from  Alouette 

Ionospheric  data  provided  by  Canada's  S-27  Topside Sounder  (Alouette)  include  an  unexpected  bonus,  according 
to  John  Jackson,  project  manager  at  Goddard  Space  Flight 
Center  for  NASA's  role  in  the  joint  project.  Principal  goal 
was  to  obtain  an  ionospheric  electron-density  profile.  How- 

ever, the  sounder  also  is  very  accurately  measuring  ambient 

conditions  about  the  spacecraft  resulting  from  "splash"  phe- 
nomena— interactions  that  occur  at  several  specific  sounder 

frequencies  that  correspond  to  local  plasma  and  gyro  fre- 
quencies, and  to  harmonics  of  the  fundamental  splash 

frequencies.  Measurements  of  these  effects,  says  Jackson, 
will  permit  local  electron-density  and  magnetic-field  intensity 
determinations  to  within  1  %  accuracy. 

New  Klystron  Uses  Lens  Modulation 
A  longer-life  and  highly  efficient  high-frequency  power 

amplifier  now  under  laboratory  test  at  Sperry  Electronic 
Tube  Div.  makes  use  of  a  unique  lens  modulation  technique. 
Actually  a  version  of  a  klystron  tube,  the  lens  modulated 
oscillator  uses  a  variable  position  electrode  to  control  electron 
transit  time  between  the  first  and  second  cavities.  Located 
outside  the  electron  beam  (in  the  oscillator  drift  tube),  the 
electrode  does  not  draw  current,  and  frequency  modulation 
is  achieved  without  changing  oscillator  power  input.  Also 
the  lens  electrode  reduces  cathode  ion  bombardment  by 
pumping  ions  out  of  the  beam,  according  to  Sperry  devel- 
opers. 

Second  MISTRAM  Site  Ready  by  '63 
Subsystems  are  now  being  installed  for  the  Air  Force's new  missile  trajectory  measurement  (MISTRAM)  site  at 

Eleuthera  Island  in  the  Bahamas.  Scheduled  for  operation 
early  in  1963,  the  station  will  complement  the  previously 
completed  station  at  Valkaria  near  Cape  Canaveral.  The 
system,  developed  by  General  Electric,  is  expected  to  permit 
a  magnitude  increase  in  determining  missile  trajectory  and 
warhead  impact  prediction.  The  two  MISTRAM  stations 
will  also  be  used  to  support  future  NASA  manned  space 
launches  from  the  Cape,  starting  with  Gemini. 

Spacetrack  Growth  Enormous 
Since  July  1961,  the  satellite  population  tracked  by  North 

American  Air  Defense  Command's  Combat  Operations  Cen- 
ter at  Colorado  Springs  has  expanded  from  61  to  230,  the 

Air  Force  reports.  One  observation  is  made  roughly  every 
23  seconds  and  inputs  to  the  center  have  increased  from 
less  than  20,000  in  '61  to  more  than  150,000  a  month  today. 
The  Spacetrack  Center  is  operated  by  the  1st  Aerospace 
Control  Squadron,  which  has  grown  during  this  period  from 
12  to  121  men. 

Diode  Temperature  Characteristics  Improved 

A  technique  for  "surface  passivation"  of  Zener  diodes  to 
improve  heat  dissipation  properties,  low-  and  high-tempera- 

ture storage  capabilities,  high-temperature  operating  speci- 
fications, and  to  minimize  current  leakage  and  low-level 

Zener  impedance,  will  be  used  by  Hoffman  Electronics  Corp. 
on  commercially  available  diodes.  The  method  involves 
oxidization  of  semiconductor  junction  edges  to  form  a  thin 
film  of  silicon  dioxide.  Passivation  reportedly  improves  heat 
dissipation  by  50%,  extends  low  temperature  storage  limits 
to  -196°C  and  high  temperature  limits  to  250°C. 

Random  Information  Bits 

Laboratory  For  Electronics,  Inc.,  has  demonstrated  feasi- 
bility of  a  new  differential  scan  recorder  for  time  compres- 
sion. Device  shortens  time-base  reference  by  bringing  time 

scales  of  non-repetitive  phenomena  within  range  of  available 
measurement  and  analysis  equipment.  Recording  medium  is 
a  thin,  flexible,  nickel-cobalt  magnetic  disk.  .  .  .  The  new 
IBM  7710  data  communication  unit  permits  data  transmis- 

sion between  magnetic  core  memories  of  two  IBM  1401 
computers  at  all  speeds  (within  limits  of  available  broadband 
common  carrier  equipment)  up  to  5100  characters/sec. 
System  will  be  useful  in  sharing  computer  workloads  among 
widely  separated  ADP  facilities.  .  .  .  Antenna  Systems,  Inc., 
has  produced  a  30-ft.  solid-surface  dish  antenna  fabricated 
from  interchangeable  parts  with  static  surface  tolerances 
from  0.040  to  0.080  inch.  .  .  .  Using  a  superconducting 
magnet  for  the  applied  field.  W  estinghouse  has  operated  a 
millimeter-wave  maser  at  96  gigacycles.  System  was  built  for 
the  Air  Force  in  a  study  of  high-frequency  coherent  micro- 

wave amplifiers  for  radar  and  space  communications. 

ADVANCED  MATERIALS 

Phenolic  Resins  Withstand  5000°  F. 
A  phenolic-silicone,  23-973  Plyophen  (98-573).  com- 

bining both  the  low  orders  of  phenolic  oxidation  resistance 
and  the  high  structural  strength  of  silicones,  will  be  marketed 
by  Reichhold  Chemicals,  Inc.  The  improvement  in  hot 
strength  exhibited  by  this  resin  indicates  structural  integrity 
will  be  improved  where  direct  exposure  to  high  temperatures 
causes  surface  char  formation,  say  Reichhold  experts.  A 
second  resin,  phenolic-epoxy,  is  also  available  and  both  meet MIL-R-9299A. 

Russians  Use  Light  to  Accelerate  Particles 

Professor  A.  Kolomenskiy  and  A.  Lebedev  are  experi- 
menting with  the  discovery  that  an  intense  beam  of  light 

directed  along  the  axis  of  a  long  solenoid,  through  which 
an  electric  current  is  passing,  accelerates  charged  particles 
in  the  path  of  the  beam.  An  article  in  Izvestia  covering  the 
development  suggests  the  effect  may  be  used  to  develop  new 
particle  accelerators  and  also  amplify  radio  waves  of  various 
bands. 

Olin  Introduces  New  Copper  Alloy 

A  copper-base  alloy  much  stronger  than  copper  but  with 
moderately  high  electrical  conductivity  will  be  marketed  by 
the  Metals  Div.  of  Olin  Mathieson  Chemical  Corp.  under 
the  name  Olin  Brass  No.  605.  The  alloy  contains  2.3%  Fe 
and  0.3%  P  and  has  a  tensile  strength  in  the  annealed  form 
35%  higher  than  electrolytic  copper.  Olin  spokesmen  claim 
the  alloy  will  solve  many  problems  of  excessive  heat  rise  in 
the  manufacture  of  miniature  electronic  components. 

Tartar  Throwaway  Vehicle  To  Be  Built 

Hydro-Aire  Div.  of  Crane  Co.  will  build  a  disposable 
launch  vehicle  for  testing  the  Tartar  Mk-15  missile  launcher. 
The  expendable  dummy  will  match  the  missile  in  all  details. 
Contract  calls  for  both  prototype  and  production.  All  launch 
procedures,  from  magazine  through  firing,  will  be  checked 
out  with  the  dummy.  The  unit  will  be  propelled  by  a  solid 
motor  but  this  aspect  was  not  spelled  out  in  the  contract 
announcement. 
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space  systems 

SATURN  S-IVB  will 
provide  final  surge 

of  power  for  manned circumlunar  flights. 

Subsystem  Kits  Aid  S-IVB  Designers 

Varied  mission  requirements  for  Saturn 

stage  prompted  development  of  concept 
by  Russell  Hawkes 

Santa  Monica,  Calif. — A  Saturn 
S-IVB  design  concept  using  special  sub- 

system kits  for  different  missions  is  ex- 
pected to  ease  development  of  new 

versions  of  the  stage.  It  is  minimiz- 
ing the  new  engineering  required  to 

adapt  the  stage  to  Apollo  Lunar  Orbit 
Rendezvous  missions. 

The  S-IVB  stage  has  a  peculiar  set 
of  requirements  in  the  Saturn  programs. 
It  is  part  of  the  launch  vehicle,  yet  it 
is  a  spacecraft  capable  of  controlled 
operations  on  orbital,  lunar,  and  inter- 

planetary flights.  Because  of  its  inter- 
mediate role  between  booster  and  pay- 

load,  the  S-IVB  stage  must  be  versatile 
if  the  Saturn  system  is  to  have  the 
broad  range  of  application  it  needs  to 
justify  its  high  development  cost. 

Adaptability  to  a  wide  variety  of 
missions  was  assigned  a  high  priority 
among  the  design  requirements  set  by 
NASA  when  Douglas  Aircraft  Co.  was 
awarded  the  contract  to  develop  the 
70-ft.-long  liquid  hydrogen-fueled  stage 
from  its  smaller  predecessor,  the  S-IV. 
Douglas  engineers  responded  with  the 
kit  concept  by  which  many  subsystems 
and  structural  components  are  designed 
as  factory-installed  optional  extras. 
Thus,  when  a  new  mission  with  new 
subsystem  requirements  is  assigned,  new 
kits  can  be  designed  or  adapted  with 
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little  change  to  the  basic  vehicle. 
•  Kit  concept  explained — Ted  Gor- 

don, S-IVB  chief  engineer,  acknowl- 
edges that  the  term  "kit  concept"  is  a 

slight  overstatement  since  it  would  usu- 
ally prove  difficult  or  impossible  to  ret- 
rofit a  completed  S-IVB  with  a  different 

set  of  kit  installations  to  prepare  it  for 
a  mission  different  from  its  original  one. 

Some  kit  components  must  be  se- 
lected before  construction  of  the  stage 

begins.  The  kit  approach  is  not  ex- 
pected to  make  it  possible  to  assemble 

a  special-purpose  vehicle  from  off-the- 
shelf  components,  but  only  to  permit 
design  of  an  S-IVB  stage  for  a  new  ap- 

plication with  a  minimum  of  new  en- 
gineering. 

When  NASA  abandoned  the  Earth 
Orbit  Rendezvous  method  of  sending 
men  to  the  Moon  in  favor  of  Lunar 
Orbit  Rendezvous,  Douglas  had  already 
done  substantial  preliminary  design 
work  on  EOR  kits.  This  work  has 
stopped,  but  the  Earth  Orbit  Rendez- 

vous requirement  is  certain  to  be  re- 
vived for  future  missions. 

Saturn  program  engineers  are  con- 
fident that  S-IVB  kit  development  al- 
ready will  be  usable  when  the  time 

comes.  Until  then  it  will  be  unnecessary 
to  develop  techniques  for  remote  check- 

out of  the  S-IVB  while  it  is  in  orbit. 

rendezvous  and  docking  techniques  for 
the  stage,  or  liquid-oxygen  transfer techniques. 

Among  the  S-IVB  kits  are  special 
jet-reaction  attitude  controls  designed 
with  the  attitude  control  system  ex- 

ternally mounted  so  that  a  variety  of 
installations  could  be  used  without  af- 

fecting the  design  of  the  rest  of  the 
vehicle. 

If  the  stage  must  be  maneuvered 
when  it  is  heavily  loaded,  the  attitude- 
control  jets  selected  have  more  thrust 
than  those  selected  to  maneuver  a 
lightly  loaded  one.  Propellant  tanks  are 
sized  according  to  the  length  of  the 
mission.  All  the  attitude-control  kits 
burn  the  storable  hypergolic  combina- 

tion of  hydrazine  and  nitrogen  tetroxide. 
•  Interface  problems — Some  struc- 

tural components  are  designed  as  kits. 
The  S-IVB  will  mate  with  a  variety  of 
lower  stages  and  payloads,  so  inter- 

stage structures  must  differ  according 
to  the  mission.  In  the  C-5  configuration, 
the  interstage  structure  must  join  the 
260-in.  diameter  S-IVB  to  the  396-in. 
S-IB.  As  part  of  the  C-1B  booster  com- 

bination it  must  mate  with  the  260-in. 
S-I  lower  stage.  Strength  and  weight  of 
the  interstages  is  also  mission-variable. 

As  part  of  the  Saturn  C-1B  launch 
system,  the  stage  has  a  role  in  the 
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Apollo  orbital  flight  tests  in  preparation 
for  the  actual  lunar  landing  program. 
The  C-1B  can  also  be  used  to  power 
lunar  supply  vehicles,  and  will  perform 
other  missions  in  support  of  the  Apollo 
program. 

In  the  Lunar  Orbit  Rendezvous  mis- 
sion for  which  the  Apollo-Saturn  com- 

bination is  now  being  designed,  only 
one  C-5  booster  system  will  have  to  be 
launched  compared  to  two  or  more  for 
the  EOR  mode.  Since  it  is  not  certain 
how  much  time  will  have  to  elapse  be- 

tween C-5  launches,  NASA  and  Doug- 
las engineers  assumed  that  it  might  be 

necessary  for  the  first  vehicle  launched 
to  remain  in  orbit  for  several  weeks 
before  rendezvous. 

In  the  LOR  plan,  the  S-1VB  flies  a 
dual-burn  mission.  It  helps  launch  the 
Apollo  system  into  a  brief  parking  orbit, 
then  re-ignites  to  inject  the  payload  into 
its  lunar  transfer  orbit.  After  the  end  of 
the  second  burn,  the  S-1VB  attitude- 
control  system  is  used  to  stabilize  the  as- 

sembled Command,  Service  and  Lunar 
Excursion  modules  while  the  LEM  is 
placed  atop  the  Command  Module  so 
that  its  two-man  crew  can  enter  it. 

The  launch  position  of  the  LEM  is 
between  the  top  of  the  S-IVB  and  the 
bottom  of  the  Service  Module.  The  turn- 

around is  accomplished  by  lifting  the 
assembled  Command  and  Service  mod- 

ules off  the  LEM  with  a  pair  of  extend- 
able arms  mounted  on  the  S-IVB,  pivot- 

ing the  assembly  180°,  and  bringing  it 
back  so  that  the  narrow  end  of  the  Com- 

mand Module  can  be  connected  to  the 
LEM.  The  S-IVB  is  then  separated  from 
the  Apollo  modules,  and  its  job  is 
ended. 

•  LOR  allows  simplification  — 
NASA's  switch  to  LOR  has  greatly 
simplified  the  development  of  the  S- 
IV B  for  Apollo,  since  EOR  called  for  a 
number  of  kit  additions  to  meet  very 
stringent  requirements  associated  with 
rendezvous,  docking,  long-term  storage 
of  liquid  hydrogen  in  space,  propellant 

transfer,  and  remote  checkout  of  the 
stage  from  ground  stations. 

Two  EOR  mission  modes  were  con- 
sidered: the  connecting  mode  and  the 

tanking  mode.  The  former  required  an 
S-IVB  fully  loaded  with  propellants  to 
be  orbited  by  one  C-5  launch  vehicle 
followed  by  a  second  C-5  launch  to 
send  the  Apollo  payload  into  a  com- 

panion orbit.  After  a  rendezvous  and 
docking  maneuver,  the  S-IVB  was  to 
provide  orbit  escape  velocity  for  the 
Apollo. 

In  the  tanking  mode,  a  liquid  oxy- 
gen tanker  was  to  be  launched  into  a 

waiting  orbit,  and  a  second  C-5  launch 
would  orbit  the  Apollo  and  an  S-IVB 
carrying  only  liquid  hydrogen.  The 
tanker  was  then  to  move  into  the 
Apollo  orbit.  After  rendezvous  and 
docking,  liquid  oxygen  would  be  trans- 

ferred from  the  tanker  to  the  S-IVB. 
the  tanker  would  be  staged  and  the 
S-IVB  would  propel  the  Apollo  mod- 

ules into  their  lunar  transfer  orbit. 

The  tanking  mode  reduced  the  prob- 
lems of  long-term  hydrogen  storage, 

attitude  control,  and  power  supply  to 
about  the  same  proportions  as  the  LOR 
flight  plan,  but  it  introduced  the  neces- 

sity to  develop  liquid  oxygen  transfer 
techniques  for  use  in  space. 

Propellant  storage  is  not  entirely  es- 
caped in  the  tanking  mode  but  only 

transferred  to  the  tanker  development 
program  and  lessened  somewhat  be- 

cause liquid  oxygen  is  easier  to  store 
than  hydrogen. 

These  mission  profiles  or  variations 
of  them  will  be  used  when  the  need 
for  Earth  Orbit  Rendezvous  reappears. 
Before  development  of  S-IVB  kits  for 
these  was  terminated,  Douglas  had  com- 

pleted preliminary  design  and  had  tested 
a  docking  structure  that  was  similar  in 
principle  to  the  one  that  would  have 
been  used  in  Project  Apollo.  The  tests 
were  conducted  by  suspending  dynamic 
models  of  the  chaser  and  target  vehicles 

as  pendulums  and  letting  them  swing 
together  at  a  speed  simulating  the  10 
fps  impact  velocity  expected  in  the 
actual  maneuver. 

•  Docking  Details — The  female 
docking  structure  is  a  simple  ring  held 
away  from  the  end  of  the  vehicle.  The 
male  structure  is  a  smaller  ring  on  the 
ends  of  guide  rails  angled  inward  like 
teepee  poles  from  the  circumference  of 
the  vehicle,  forming  a  conical  guide 
structure.  At  the  base  of  this  is  a  ring 
of  "snubber-grabber"  carriages  with 
strong,  spring-loaded  traps  to  grasp  the 
ring  of  the  female  structure,  and  claw- 
shaped  pawls  which  are  driven  down 
ratchet  tracks  by  the  docking  impact. 
The  ratchets  prevent  rebound. 

The  pendulum  tests  indicated  that 
the  snubber-grabbers  could  be  strong 
enough  to  bear  attitude  maneuver  loads 
on  the  jointed  vehicles.  At  the  time  the 
EOR  Apollo  mission  profile  was  aban- 

doned, no  decision  had  been  reached 
about  which  vehicle  would  carry  the 
male  structure  and  which  the  female. 

Micrometeorite  protection  and  pre- 
vention of  excessive  hydrogen  boil-off 

are  problems  in  the  prolonged  storage 
of  liquid  hydrogen  in  orbit.  There  is 
an  inverse  relationship  between  storage 
time  and  payload  because  of  boil-off. 
To  minimize  boil-off.  solar  heating  must 
be  minimized.  Douglas  designers  plan 
to  use  a  lightweight  single  shield  both 
for  thermal  control  and  as  a  micro- 
meteorite  bumper  that  could  be  jetti- 

soned after  rendezvous  and  before 
starting  the  lunar  transfer  orbit. 

Unlike  Centaur,  the  basic  insula- 
tion of  the  S-IVB  is  inside  the  tanks  and 

is  a  permanent  part  of  the  structure. 
The  additional  combined  solar  insulator 
and  micrometeorite  shield  was  to  be 
mounted  outside  and  was  to  be  separ- 

ated from  the  skin  of  the  stage  by  a 
gap.  Detailed  design  of  the  shield  was 
not  begun,  but  it  is  expected  to  be 
made  out  of  multi-layer  materials  or 

honevcomb.  ~ 

RING  OF  FEMALE  docking  structure  slides  down  guide  rails 
toward  waiting  snubber-grabbers  in  simulated  10-fps  docking. 

DOCKED  MODELS  show  female  ring  trapped  by  snubber- 
grabbers.    which   are  prevented  from   rebounding   by  ratchets. 
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sounding  rockets 

Improved  ARCAS  Aids 

Antarctic  Researchers 

Modified  fin-bonding  techniques  and  better  quality 

controls  eliminate  problems  plaguing  past  efforts 

by  Tom  Kilpatrick 

RECENT  MODIFICATION  of  At- 
lantic Research  Corp.'s  ARCAS  sound- 

ing rocket  has  significantly  increased 
chances  of  overall  success  in  the  first 
Antarctic-based  upper-atmosphere  re- 

search rocket  program. 
The  National  Science  Foundation, 

which  sponsors  U.S.  Antarctic  research, 
has  announced  that  modified  ARCAS 
rockets  recently  shipped  to  the  South 
Pole  are  performing  consistently  well 
in  the  Antarctic  spring  series  of  re- 

search rocket  shots.  The  program  is 
funded  by  the  Foundation  and  con- 

ducted by  Schellenger  Research  Lab- 
oratories of  Texas  Western  College.  The 

grant  for  the  program  in  Fiscal  1963 
totals  $208,000. 

The  success  to  date  of  the  current 
series  is  in  sharp  contrast  to  reports  of 
only  partially  successful  efforts  during 
the  winter  season,  when  temperatures 
ranged  low  as  —  80°F  and  high  winds 
plagued  launch  operations. 

•  The  ARCAS  gremlin — But  the 
problem,  despite  severe  conditions,  was 
not  the  weather  alone.  A  major  gremlin 
was  discovered  in  the  96-in.  solid-fuel 
ARCAS  itself. 

The  ARCAS  is  stabilized  by  fins 
bonded  to  its  body  and  slightly  offset 
to  induce  a  slow  roll  in  the  vehicle  dur- 

ing flight.  It  was  discovered  that  under 
certain  conditions  aerodynamic  cross- 
coupling  produced  a  flat  spin  that  in- 

creased drag  on  the  ARCAS  and  con- 
sequently reduced  the  altitude  achieved. 

Spin  tabs  introduced  to  increase  roll 
rate  also  brought  increased  failure  rates, 
which  were  traced  to  fin  breakaway  dur- 

ing powered  ascent. 
Further   inspection    indicated  that 
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materials  used  in  bonding  the  fins  to 
the  body  of  the  rocket  were  marginal 
under  extremes  of  motor  and  aerody- 

namic heating. 

New  bonding  materials  and  tech- 
niques and  new  quality  controls  intro- duced in  time  for  the  latest  ARCAS 

shipment  to  the  South  Pole  may  have 
made  the  difference  between  early  fail- 

ures and  later  success,  an  ARC  spokes- 
man said. 

•  Network  hardware — The  ARCAS 
(all-purpose  rocket  for  collection  of  at- 

mospheric sounding)  is  now  key  hard- 
ware for  an  informal  atmospheric 

weather  data  network  spread  across  the 
nation  and  extending  beyond  the  con- tinental U.S. 

Though  the  space  agency  has  spoken 
for  several  years  of  making  the  network 
an  official  one,  no  such  action  has  been 
taken.  Lack  of  funds  is  the  reason  most 
often  given  for  the  delay.  Reportedly, 
the  Air  Force  has  become  so  impatient 
to  see  the  network  formalized  that  it  is 
planning  action  of  its  own. 

The  rocket  originally  was  developed 
with  military  funds — through  the  Office 
of  Naval  Research,  the  AF  Cambridge 
Research  Laboratories  and  the  Army 
Signal  Missile  Support  Agency.  Added 
support  of  ARCAS  development  was 
later  provided  by  NASA,  as  well  as  by 
other  military  research  groups. 

The  rocket  has  been  used  routinely 
since  1959  for  meteorological  data- 
gathering,  missile-support  operations 
and  high-altitude  experimentation.  More 
than  1000  ARCAS  rockets  have  been 
flown  successfully  from  land  and  ship- 

board sites  around  the  world. 
They  have  been  used  to  provide 

LEAVING  behind  follower  piston  and 
styrofoam  spacers  thai  keep  it  positioned 
in  its  launcher.  ARCAS  soars  over  Mc- 
Murdo  Station  in  the  Antarctic  to  glean 
high-altitude  wind  and  temperature  data. 

pre-  and  post-flight  weather  data  in 
support  of  many  major  space  flights, 
manned  and  unmanned,  and  have  pro- 

vided similar  support  for  X-15  re- search tests. 

An  ARCAS  system  now  operative 
on  Ascension  Island  has  produced  fully 
successful  shots  to  230,000  ft.,  and  a 
similar  system  is  being  set  up  on  An- 

tigua Island  by  AF  and  Pan  American weather  groups. 

Four  missile-tracking  ships  for  the 
Atlantic  Missile  Range  soon  are  to  be 

equipped  with  ARCAS,  and  full  MIL- qualification  tests  of  the  rocket  are  now 
under  way.  An  ARC  spokesman  said 
that  the  tests,  to  be  completed  in  De- 

cember, are  expected  to  show  ARCAS 
capable  of  functioning  under  extreme 

temperatures  ranging  from  —50°  to 
130°F. •  Motor  for  ARCAS— The  rocket 
motor  powering  ARCAS  is  loaded  with 
Arcite — a  stable,  high-impulse  solid 
propellant  of  end-burning  grain  geome- 

try. The  motor  assembly  weighs  65  lbs. 
It  provides  336  lbs.  of  thrust  and  cham- 

ber pressure  of  1020  psi,  with  nozzle 
expansion  ratio  of  13:1. 

The  motor  assembly  measures  about 
60.9  in.  long  by  4.5  in.  in  diameter. 

ARCAS  motor  action  time  is  29 
sec.  and  a  standardized  delay  train  is 

designed  to  pinpoint  pyrotechnic  separa- tion of  the  payload  from  the  motor  100 
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IDEALIZED  DRAWING  gives  impression  of  elements  in  assembled  ARCAS  sounding  rocket. 

sec.  after  ignition,  at  apogee.  Delay  can 
be  modified  for  special  applications. 

A  data-transmitting  payload  is  car- 
ried from  apogee  to  Earth  by  a  15-ft.- 

dia.  parachute.  Though  the  parachute 
is  metalized  to  facilitate  radar  tracking, 
the  Antarctic  research  team  uses  AN/ 
GMD-1  radio  gear  only,  employing 
triangulation  techniques  to  establish  a 
fix  between  two  ground  stations. 

•  Launching  system — ARC  is  par- 
ticularly proud  of  its  closed-breech 

launcher,  used  to  fire  ARCAS  and  other 
sounding  rockets.  The  launch  system 
requires  only  a  short  countdown  and  a 
minimum  of  manpower. 

The  rocket,  positioned  in  the 
launcher  by  styrofoam  spacers,  rests  on 
a  piston  that  provides  a  gas  seal  with 
the  walls  of  the  launching  tube.  Exhaust 
gases  from  the  burning  rocket  are  thus 
trapped  and  used  to  accelerate  the 
rocket  along  the  20-ft.  tube  at  rates  five 
times  what  they  would  be  without  use 
of  the  closed  breech. 

For  even  higher  launching  velocities, 
a  mechanically  actuated  auxiliary  gas 
generator  may  be  used  to  augment  the 
gas  pressure.  Easily  installed  in  the  free- 
volume  launch  cylinder,  the  generator 
uses  a  standard  seat-ejector  cartridge 
as  a  gas  source. 

•  Problems  with  progress  —  While 
ARC's  fin-bonding  modifications  for 
ARCAS  may  have  solved  a  problem 
that  plagued  rocket  technicians  in  the 
Antarctic  and  may  promise  greater  suc- 

cess for  other  buyers  of  the  sounding 
rocket,  Canaveral  and  other  sites  have 
a  fairly  large  inventory  of  the  original 
vehicles  that  ARC  concedes  may  be 
marginal  in  some  situations. 

In  addition,  at  least  one  parachute 
failure  with  the  older  rocket  was  re- 

ported at  Canaveral  recently.  This  may 
also  be  corrected  by  the  newer  version. 

Atlantic  is  working  on  these  prob- 
lems, in  addition  to  undertaking  further 

ARCAS  development. 

ARC  has  increased  the  rocket's  alti- 
tude capability  by  adding  a  relatively  in- 

expensive booster.  The  boosted  ARCAS, 
now  operational,  has  been  flown  to 
heights  of  more  than  330,000  ft.,  and 
consistent  achievement  of  460,000  ft. 
is  promised. 

The  standard  ARCAS  launcher, 
with  only  minor  modifications,  is  used 
for  the  boosted  ARCAS. 

The  firm  also  is  developing  a  com- 
pletely frangible  case  for  the  ARCAS 

rocket  motor.  Upon  separation,  the 
plastic  case  would  be  pulverized — elim- 

inating fallout  and  making  possible  safe 
flights  over  other  than  established  mis- 

sile ranges. 
Another  development  project  under 

way  is  the  Sidewinder -ARC AS.  As  the 
Sidewinder  is  available  to  some  pro- 

grams without  cost  on  a  GFE  basis, 
a  Sidewinder-boosted  ARCAS  would 
carry  a  lO-lb.-plus  payload  well  above 
400,000  ft.  at  a  cost  of  about  $2000, 
Atlantic  Research  says. 

While  upper-atmosphere  wind  pro- 
files are  determined  by  tracking  the 

descending  ARCAS  payload,  tempera- 
ture information  is  transmitted  directly 

to  ground  stations.  The  temperature 
sensor  uses  a  miniature  bead  (spher- 

ical) thermistor  measuring  only  0.010 
in.  in  diameter. 

Though  wind  and  temperature  are 
the  only  sensors  used  in  the  Antarctic 
program,  ARC  says  it  now  has  avail- 

able or  is  doing  development  work  on 
sensors  for  density,  pressure,  ozone  and atomic  oxygen. 

James  Bettle,  research  engineer  for 
Texas  Western  College's  Schellenger Laboratories  and  leader  of  the  rocket 
program  in  the  Antarctic,  says  present 
knowledge  of  high-altitude  air  tempera- 

tures and  wind  profiles  in  the  high 
southern  latitudes  is  largely  theoretical. 

During  the  Antarctic  winter,  ozone 
formed  in  the  upper  atmosphere  reaches 
the  surface  of  the  icebound  continent 
from  the  North,  demonstrating  existence 
of  southbound  winds  aloft,  Bettle  says. 
Though  computations  have  been  made 
to  predict  the  values  of  these  winds,  re- 

searchers in  Antarctica  say  they  need 
frequent  systematic  measurements  made 
simultaneously  with  similar  measure- 

ments over  other  regions  of  the  Earth. 
Bettle  believes  that  the  South  Pole 

ARCAS  shots  will  produce  such  data. 
Another  phenomenon  that  scientists 

believe  the  rocket  shots  may  help  to 
explain  is  the  sudden  warming  period 
that  occurs  each  Antarctic  spring,  but 
is  not  matched  by  a  similarly  rapid 
cooling  period  in  the  fall. 

During  the  warming  period,  high- 
altitude  temperatures  may  rise  to  about 
— 45  °F  over  a  period  of  a  few  days, 
after  a  consistent  winter  temperature  of 
about  -80°F.  « 

If0 

LA  UNCHER  TUBE  is  raised  from  insulated  cradle  after  rocket  is  loaded.  Closed-breech 
principle  uses  rocket  exhaust  to  multiply  boost  five  times.  Firing  is  by  remote  control 
from  another  building,  and  requires  a  short  countdown.  (NSF  photo  by  Jack  Renirie) 
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space  systems 

TVC  Position  Errors  Eliminated 

Moog  development  may  find  application  in  systems 

involving  swiveling  of  engines  in  liquid  rockets 

A  NEW  PRESSURE  feedback  servo- 
actuator  configuration  may  find  increas- 

ing use  in  thrust-vector  control  systems 
involving  the  swiveling  of  engines  in 
liquid  rockets. 

Developed  by  Moog  Servocontrols. 
Inc.,  the  Static  Load  Error  Washout 
(SLEW)  system  completely  eliminates 
engine  static  position  errors  caused  by 
compliance  of  both  the  servoactuator 
and  the  vehicle  structure. 

Swiveling  engines  for  TVC  of  a  mis- 
sile or  space  booster  is  a  well-established 

steering  approach.  Electrohydraulic  ser- 
voactuators  are  normally  used  in  these 
systems  when  the  engine  inertia  exceeds 
50  slug-ft.2,  since  these  actuators  can 
produce  high  control  power  per  pack- 

age weight  and  have  good  dynamic 
response  capability.  In  a  typical  two- 
engine  vehicle,  two  actuators  would  be 
used  on  each  engine  to  provide  pitch, 
vaw  and  roll  control. 

by  William  J.  Thayer 
Manager,  Design  &  Development 

Moog  Servocontrols,  Inc. 
East  Aurora,  N.Y. 

An  inherent  problem  arises  in  all 
larger-engine  vehicles  because  of  the 
very  pronounced  resonance  created  by 
engine  inertia  and  compliance  of  the 
gimbal  and  actuator  support  structure. 
In  a  typical  system,  this  resonance  may 
occur  at  frequencies  between  7  and  15 
cps,  and  have  an  amplitude  ratio  as 
high  as  20  db  (equivalent  damping  ratio 
of  0.05).  This  load  resonance  presents 
a  severe  stability  problem  for  the  engine 
position-control  actuators. 

•  Dodging  resonance  —  An  early 
solution  to  this  engine  resonance  prob- 

lem consisted  of  adding  a  bypass  orifice 
across  the  piston  control  lines. 

This  orifice  passes  flow  when  en- 
gine-inertia reaction  forces  are  present, 

and  reduces  the  actuator  velocity  creat- 
ing a  damping  effect.  Unfortunately, 

the  bypass  orifice  method  has  several 
basic  disadvantages: 

—There  is  appreciable  bypass  flow 
present  when  the  actuator  is  holding 
against  a  steady  load  (as  with  a  con- 

stant engine  deflection,  or  with  engine 
thrust  misalignment  through  the  gimbal, 
or  with  steady  vehicle  accelerations). 

—  And  bypass  flow  due  to  steady 
loads  or  due  to  dissipation  of  the  en- 

gine's resonant  energy  may  cause  severe 
heating  of  the  oil  and  actuator. 

—  In  the  presence  of  a  steady  load, 
the  servoactuator  will  displace  by  an 
amount  sufficient  to  produce  the  servo- 
valve  current  needed  to  support  the 

bypass  flow. —The  basic  nonlinearity  of  sharp- 
edged  orifices  allows  bypass  flow  at  es- 

sentially zero  pressure  drop,  so  actuator 
null  accuracy  is  destroyed. 

All  of  these  phenomena  result  in 
poor  actuator  efficiency,  higher  power 

supply  requirements,  poor  actuator  ac- 
curacy, and  secondary  problems  caused 
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the  SLEW  actuator. 
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by  temperature  rise  in  the  actuator  com- 
ponents. 

A  significant  improvement  over  the 
bypass  flow  approach  came  with  intro- 

duction of  the  pressure-feedback  or 
PQ  valve.  Early  work  on  various  types 
of  pressure-feedback  flow  control  valves 
is  attributed  to  W.  B.  Lloyd  of  the 
Westinghouse  Electric  Corp. 

In  a  PQ  servovalve,  the  load-pres- 
sure differential  is  internally  fed  back  to 

give  a  proportional  reduction  of  load 
flow.  This  pressure-flow  relationship  is 
analogous  to  a  load-force-velocity  effect, 
contributing  damping  control  for  the 
engine  resonance. 

With  the  pressure  feedback,  as  op- 
posed to  bypass  flow,  there  is  no  steady 

flow  through  the  valve  when  the  piston 
is  holding  a  load.  Instead,  an  error  sig- 

nal developed  in  the  position  servoloop 
acts  to  cancel  the  pressure-feedback 
effect. 

This  error  signal  is  developed  by 
displacement  of  the  actuator  piston 
away  from  the  desired  position,  and 
constitutes  a  loss  of  static  accuracy 
under  load.  However,  a  system  with  a 
PQ  valve  eliminates  the  power  wasteful- 

ness of  bypass  flow  and  also  avoids  the 
severe  loss  in  null  accuracy  caused  by 
bypass  orifice  nonlinearity. 

The  loss  of  accuracy  from  actuator 
displacement  under  load  is  identical  to 
the  change  of  engine  position  permitted 
by  compliance  of  the  vehicle  structure. 
Unfortunately,  the  only  practical  loca- 

tion for  the  system-position  feedback 
transducer  is  at  the  actuator,  so  the  posi- 

tion error  caused  by  structural  com- 
pliance acts  entirely  outside  the  loop. 

The  total  engine  loading  error  then 
represents  the  combination  of  the  actua- 

tor and  structural  compliances  acting 
in  series. 

The  magnitude  of  the  actuator  com- 
pliance depends  directly  on  the  ratio  of 

the  pressure  loop  gain  to  the  position 
loop  gain.  The  latter  gain  is  normally 
set  as  high  as  possible,  consistent  with 
actuator  stability  considerations.  This 
usually  gives  a  value  of  about 

Kvx  = 3 
where 

Kn  =  position  loop  gain,  sec  _1 
(o„  —  engine  resonant  frequency,  rad/sec 
The  pressure  loop  gain  is  set  to  give 
adequate  load  damping,  and  usually  has 
a  value  of  about 

Kvp  =  %  ton  sec  _1 
The   actuator   compliance    is  approx- 
imately 

-  =  (fr)  «=■  =  2  * where 
C»  =  servoactuator  compliance,  in. /lb. 
Cs  =  equivalent  structural  compliance, 

in./lb. 
So  the  combination  of  the  actuator 

and  structure  will  present  a  compliance 
of  about  three  times  the  physical  com- 

pliance of  the  system.  The  error  in  en- 
gine swivel  angle  associated  with  this 

combined  compliance  effect  normally 
ranges  from  10  to  40%  of  maximum 
engine-control  angle  under  full  load — 
a  very  significant  system  inaccuracy. 

•  Present  solutions  —  An  attractive 
approach  for  eliminating  some  of  this 
static  positioning  error  is  to  use  a  Dyna- 

mic Pressure  Feedback  (DPF)  servo- 
valve.  Pressure  feedback  is  needed  only 
for  damping  of  the  engine  resonance, 
whereas  the  loss  of  actuator  accuracy 
with  pressure  feedback  is  a  static  effect. 

Insertion  of  a  hydraulic  high-pass 
filter  in  the  pressure  feedback  path  can 
wash  out  the  static  pressure  feedbacks, 
but  pass  the  dynamic  pressure  variations 
associated  with  the  load  resonance.  This 
washout  will  eliminate  the  portion  of 
the  total  engine  error  caused  by  actuator 
compliance. 

In  either  the  dynamic  pressure  feed- 
back or  dynamic  flow  bypass  schemes, 

an  additional  mechanism  is  added  to 
wash  out  the  flow-to-pressure  relation- 

ship for  static  conditions.  This  washout 
eliminates  static  position  errors  caused 
by  actuator  compliance,  but  does 
nothing  to  compensate  for  errors  result- 

ing from  structural  compliance.  In  typi- 
cal systems,  structural  compliance  er- 
rors may  range  from  four  to  15%  of 

full  engine  angle  with  rated  load  condi- 
tions. The  new  SLEW  configuration 

eliminates  even  these  structural  errors. 
Basically,  SLEW  is  achieved  by  com- 

bining a  proportional  pressure  feedback 
(PQ)  in  parallel  with  a  low-pass  pres- 

sure feedback  having  the  opposite  po- 

larity. With  dynamic  load  pressure 
variations,  the  parallel  SLEW  feedback 
path  produces  little  output,  so  normal 
pressure  feedback  is  present  for  damp- 

ing of  the  load  resonance.  Statically, 
however,  the  parallel  feedback  acts  to 
cancel  the  PQ  effect. 

If  exact  cancellations  were  designed 
into  the  system,  the  SLEW  configura- 

tion would  be  equivalent  to  DPF  con- 
trol. However,  by  increasing  the  gain 

of  the  parallel  feedback,  further  wash- 
out occurs,  which  may  be  set  to  cancel 

errors  caused  by  structural  compliance. 
Mechanization  for  SLEW  can  be  in- 

corporated entirely  within  the  servo- 
valve,  or  may  be  accomplished  in  other 
ways.  An  attractive  approach  for  a  very 
large  servoactuator  is  to  package  the 
SLEW  mechanism  within  the  actuator 

piston. Here  a  conventional  stub-shaft  spool 
PQ  valve  can  be  used  for  normal  pres- 

sure feedback.  With  a  large  actuator, 
this  may  be  a  three-stage  flow-control 
valve.  The  parallel  pressure  feedback  for 
SLEW  can  then  be  summed  at  the  actua- 

tor position  feedback  transduced  by  a 
load-sensing  piston  that  is  carried  within 
the  actuator  piston.  Any  number  of 
equivalent  mechanical,  hydraulic  or 
electrical  combinations  of  the  two  pres- 

sure feedbacks  could  be  used  for  the 
same  functional  result. 

Potential  failures  of  the  mechanism 
are  orifice  clogging  or  stoppage  of  the 
spring-centered  piston.  In  either  event, 
pressure  feedback  is  lost  in  conven- 

tional systems.  With  SLEW,  the  system 
retains  pressure  feedback  for  load  stabil- 

ization while  losing  only  the  error  wash- 
out capability.  8 
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international 

Simplicity  Is  Key  to  Cobra  Missile 

European  nations  buying  antitank  weapon 
which  is  believed  to  sell  for  about  $600 

by  Anthony  Vandyk 

Munich,  Germany — Production  of 
more  than  30,000  Cobra  antitank  mis- 

siles has  established  Boelkow  Entwick- 
lungen  as  one  of  Europe's  most  impor- tant manufacturers  of  guided  weapons. 

The  company,  founded  in  1956, 
now  has  over  2000  technical  personnel. 
Close  to  90%  of  its  work  is  for  the 
German  Defense  Department. 

To  date,  only  Germany  and  Den- 
mark have  bought  Cobra.  But  orders 

from  Italy  and  several  other  European 
nations  are  in  an  advanced  stage  of 
negotiation.  The  U.S.  Marines  and 
Army  also  have  evaluated  Cobra. 

Boelkow  is  not  permitted  by  the 
German  government  to  sell  to  countries 
other  than  those  in  alliance  with  the 
West,  although  several  of  these  have 
expressed  an  interest  in  the  antitank 
weapon. 

There  are  three  reasons  for  the  in- 
creasing interest  that  Cobra  is  arousing 

at  this  time,  Boelkow  points  out.  It  is 
light  in  weight,  simple  and  cheap.  Boel- 

kow is  not  prepared  to  state  the  price — 
but  it  is  believed  to  be  around  $600. 

Essentially  a  one-man  weapon  for 
infantry  combat,  Cobra  is  so  light  that 
two  missiles  and  the  requisite  ground 
equipment  can  be  carried  by  one  man, 
if  necessary.  The  weight  of  one  missile 
and  one  control  box  is  only  31  lbs.; 
two  missiles  and  one  control  box  have 
a  total  weight  of  only  53  lbs. 

Cobra's  light  weight  was  made  pos- sible by  use  of  plastic  for  fuselage, 
wings  and  container.  Another  weight- 
saver  is  elimination  of  a  launcher.  The 
missile  is  launched  directly  from  the 
ground  with  the  nozzle  of  the  booster 
rocker  positioned  at  an  angle  to  the 
ground  so  that  Cobra  is  lifted  by  means 
of  forces  released  by  the  rocket. 

•  Accent  on  simplicity — Electronic 
circuitry  in  the  flight  vehicle,  necessary 
to  receive  the  guidance  signals  from  the 
command  box,  has  been  reduced  to 
minimum  size.  For  the  stabilization  of 
the  flight  vehicle  about  its  longitudinal 
axis,  a  gyro  is  used.  This  gyro  is  acti- 

vated in  the  simplest  manner — by  a 
string.  A  lanyard  is  wound  in  a  groove 
of  the  rotor.  The  end  of  the  lanyard  is 

WEST  GERMAN  infantryman  carries  new 
Cobra  weapon  system. 

combined  with  the  two  signal  wires, 
which  together  end  in  the  anchor  cable. 
This  anchor  cable  is  rolled  up  in  the 
inner  portion  of  the  rear-end  cover. 

When  Cobra  is  prepared  for  firing, 
this  cover  with  the  proper  connecting 
cable  (rocket  cable)  is  pulled  off.  The 
anchor  cable  can  then  be  fastened  to  a 
fixed  point  ( for  example,  hooked  to  the 
anchor  peg.  which  is  supplied  with  the 
rocket).  The  gyro  lanyard  brings  the 
rotor  to  a  rotational  speed  of  12,000 
rpm  as  a  result  of  the  launch  velocity. 
This  rotational  speed  is  sufficient  to 
assure  the  function  of  the  gyro  during 
the  entire  flight. 

The  sustainer  rocket  is  centrally  lo- 
cated within  the  flight  vehicle.  Around 

it  is  wound  the  signal  wire  spool.  A 
battery  fitted  in  the  missile  serves  as 
power  supply  for  the  electrical  power 
requirements  of  the  flight  vehicle. 

Located  in  the  trailing  edge  of  each 
of  the  wings  is  a  spoiler  assembly,  in 
which  two  electromagnets  are  alter- 

nately energized  by  the  guidance  signals, 
the  spoiler  blade  being  attracted  to  the 

magnet  that  is  energized. 

Design  of  Cobra's  warhead  is  in- tended to  assure  high  reliability  and 
safety  for  the  operator.  The  nose  fuze 
functions  at  incident  angles  to  the 
armor  plate  from  15  deg.  up,  but  only 
then  when  the  impact  is  greater  than 
that  of  a  free  fall  from  a  height  of  161 2 
ft.  on  a  steel  plate.  A  shaped-charge 
effect,  however,  is  possible  only  when 
the  Cobra  has  flown  a  distance  of  more 
than  820  ft. 

This  is  achieved  by  a  shutter  which 
blocks  the  path  of  the  ignition  jet  from 
the  nose  fuze  to  the  detonating  charge 
of  the  shaped  charge,  and  which  releases 
only  after  the  acceleration  has  acted 
upon  a  delay  mechanism  for  a  prede- termined time.  The  mechanism  then 
rotates  the  shutter  out  of  the  path  of 
the  ignition  jet.  For  practice  firings,  the 
warhead  is  exchanged  for  an  inert  train- 

ing head. 
•  Potency — Boelkow  officials  point 

out  that  it  is  not  only  the  size  of  the 
entry  or  exit  hole  in  the  armor  plate  or 
the  depth  of  penetration  which  is  de- 

cisive for  judging  the  effect  of  the 
warhead — it  is  obvious  that  the  size 
of  the  holes  is  proportional  to  the  size 
of  the  explosive  charge. 

Numerous  tests  by  the  German 
Army  have  shown  that  the  effect  of  the 
hollow  charge  of  Cobra  is  sufficient 
to  pierce  armor  plates  of  all  existing 
tanks,  even  under  unfavorable  impact 
angles.  Moreover,  tests  showed  that 
damage  was  sufficient  to  put  the  tank 
out  of  action,  destroy  its  ammunition, 
or  kill  the  crew  inside  the  tank,  either 
directly  or  by  the  effect  of  splinters. 

Ground  support  equipment  for 
Cobra  consists  of  a  command  box,  the 
72-ft.  connection  cable  of  the  missile, 
and  the  cables  with  the  junction  box. 
For  the  first  time,  the  mechanical  com- 

mand and  its  transformation  into  elec- 
trical commands  as  well  as  the  neces- 

sary power  supply  are  combined  in  a 
single  device. 

A  distributor  strip  with  eight  con- 
nectors and  a  160-ft.  distributor  cable 

makes  it  possible  to  connect  eight 
Cobras  to  a  single  command  box,  at  up 
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Russians  Report  Cutback 

Of  30%  in  Rocket  Probes 

THE  USSR  says  it  launched  only 
115  research  rockets  during  1961 — 45 
fewer  than  it  reported  firing  during 
1960. 

The  new  figure,  disclosed  in  an  of- 
ficial report  to  the  Committee  on  Space 

Research  (COSPAR),  signifies  a  re- 
duction of  almost  30%  in  research  ac- 

tivities using  probes. 
While  the  launching  sites  remain 

about  the  same  (1 — Franz-Josef  Land, 
2 — Middle  Latitudes  of  European 
USSR  and  3 — Expedition  ships  in  the 
Pacific),  the  biggest  cutback  has  been  in 
the  Pacific  and  in  the  European  USSR 
area. 

There  were  no  1961  launchings  in 
the  Black  Sea,  which  suggests  that  the 
1960  rocket  test  ship  Shokalsky  has 
since  joined  the  Pacific  rocket  test  ship 
Voyeikov,  which  the  Russians  admit 
has  been  launching  rockets  there  since 
Jan.  17,  1960. 

•  Clampdown — With  the  exception 
of  four  experiments,  the  USSR  Acad- 

emy of  Sciences  was  not  permitted  to 
disclose  exact  dates  and  times  of  each 
launching — as  was  done  for  the  Jan.- 
June,  1960,  period. 

In  that  singular  report,  the  Soviet 
scientists  themselves  pin-pointed  the 
Franz-Josef  Land  launch  site  at  80° 
37'  N,  58°  03'  E  on  Heiss  Island,  a 
favorite  Academy  research  preserve 
since  its  discovery  by  the  Payer-Wey- 
precht  Expedition  in  1873. 

Nothing  in  the  new  report  supports 
the  notion  that  the  Russians  normally 
step  up  activities  with  probes  prior 
to  major  manned  space  attempts — al- 

though this  seems  to  be  the  case  for 
new  unmanned  space  efforts  such  as  the 
Venus  probe. 

The  details  provided  for  the  first 

half  of  1960  indicated  at  that  time  that 
there  was  a  heavy  concentration  of  re- 

search rocket  launchings  up  to  a  few 
minutes  prior  to  a  major  space  effort. 
The  new  report  seems  to  support  this 
analysis. 

For  example,  on  March  9,  1961, 
the  capsule  containing  a  dog  named 
Chernushka  was  orbited  and  success- 

fully recovered.  Later,  on  March  25,  a 
second  capsule  with  a  dog  called  Zuyoz- 
dochka  was  also  orbited  and  recovered. 
Yet  only  three  research  probes  were 
reported  for  that  month. 

Shortly  thereafter,  on  April  12, 
cosmonaut  Y.  A.  Gagarin  made  his  suc- 

cessful pioneer  flight.  Only  four  rocket 
experiments,  all  in  the  Pacific,  occurred 
that  month. 

There  were  no  rocket  experiments 
in  August  when  cosmonaut  H.  S.  Titov 
put  in  some  25  hrs.,  18  mins.  of  space 
flight. 

On  the  other  hand,  there  were  25 
launchings  in  February,  when  the 
Soviets  put  up  two  unmanned  satellites 
involved  in  their  Venus  probe  program. 
The  first  was  orbited  on  Feb.  4  to  check 
out  precise  trajectory  measurements  and 
reliability,  an  indispensible  exercise  on 
which  the  success  of  the  Venus  probe 
was  predicated. 

On  Feb.  1 2,  the  second,  from  which 
the  1415.7-lb.  Venus-bound  vehicle 
was  released,  was  put  into  a  13 -day 
orbit. 

Of  those  experiments  in  1961  whose 
actual  launch  dates  are  provided,  two 
occurred  during  the  total  solar  eclipse 
of  Feb.  15. 

The  Russian  report  to  COSPAR 
also  singled  out  the  lone  shots  in  Sep- 

tember and  in  November  from  Euro- 
pean USSR  as  special  experiments  for 

"complex  investigations  of  the  upper 

atmosphere." The  first  "special",  which  took  place 
on  Sept.  23,  reached  62  miles  alti- 

tude; the  second  reached  267  miles  on 
Nov.  15.  « 

TABLE  I 

Soviet  launchings  of  research  rockets  for  period  of  Jan.  I  to  Dec.  31,  1961,  as  reported  to  COSPAR 

MONTH PLACE  OF  LAUNCHING TOTAL 
Franz-Josef 

Land 
European 

USSR Pacific January 
8 0 18 26 February 

1 1 

14 0 25 
March 0 3 0 3 

April 
0 0 A A 

May 

1 0 8 9 June 9 0 

13 

22 

July 

1  1 0 0 1 1 
August 0 0 0 0 
September 0 1 0 1 October A 0 0 A 
November 0 1 0 1 December 9 

HiHHHI 
0 9 

TOTAL 53 

19 43 

1  15 

TABLE  II 

Comparison  of  Soviet  research  rocket  launchings:  I960  and  1961 
Franz-Josef European Black  Sea Pacific 

Total 

Land 
USSR 

Ship 
Ships 

I960 

54 34 

5 67 160 
1961 

53 

19 0 

43 

1  15 

to  230-ft.  distance.  This  can  be  extended 
to  390  ft.  by  means  of  another  160-ft. 
distributor  cable.  A  selector  switch  on 
the  command  box  permits  firing  of  the 
missiles  in  any  desired  sequence. 

Although  the  reliability  of  Cobra 
is  now  guaranteed  at  95%,  Boelkow  is 
constantly  trying  to  improve  its  prod- 

uct. Likening  it  to  a  Volkswagen,  of- 
ficials of  the  German  company  note  that 

although  the  missile  has  not  changed 
externally  in  the  four  years  that  it  has 
been  in  production,  there  have  been 

many  minor  improvements.  The  latest 
of  these  will  increase  Cobra's  range  to 6000  ft. 

Cobra  will  soon  be  entirely  manu- 
factured by  Boelkow.  Originally  Switz- 
erland's Oerlikon/Contraves  helped  in 

the  design.  In  the  past  the  booster  and 
sustainer  rockets  as  well  as  the  warhead 

have  been  supplied  by  the  Swiss  com- 
pany. However,  from  early  next  year 

Boelkow  will  make  these  items  at  the 
Schrobenhausen  plant,  where  the  Cobra 

assembly  line  is  located.  The  main  part 
of  Cobra,  including  fuselage,  wings  and 
electrical  items,  is  manufactured  at  the 
Nabern  plant. 

Although  Cobra  production  is  likely 
to  continue  for  several  more  years,  Boel- 

kow is  well  advanced  with  the  design 
of  an  even  more  sophisticated  anti- 

tank weapon.  This  program  is  being 

carried  out  in  cooperation  with  France's 
Nord-Aviation,  which  makes  the  SS-11 
and  Entac.  8 
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Roundup  of  ARS  highlights  .  .  . 

Surveyor  Ground  Network  Is  Complex 

Los  Angeles — The  low  degree  of 
automation  in  NASA's  Surveyor — the 
result  of  a  design  philosophy  that  com- 

plex ground  equipment  is  tolerable  if 
it  produces  simplicity  in  the  spacecraft 
— has  given  the  ground  electronic  net- 

work an  unusually  large  role  in  opera- 
tions. 

J.  S.  Green  of  Hughes  Aircraft  Co., 
prime  contractor  for  the  Surveyor  un- 

manned lunar  landing  system,  outlined 
the  network's  job  at  the  recent  West 
Coast  annual  meeting  of  the  American 
Rocket  Society  here. 

The  Command  and  Data  Handling 
Console  (CDC)  will  command  nearly 
every  action  of  the  spacecraft  by  sig- 

nals transmitted  from  the  stations  of 
the  Deep  Space  Instrumentation  Facil- 

ity (DSIF)  operated  for  NASA  by  Jet 
Propulsion  Laboratory,  Green  said.  The 
only  fully  automatic  action  of  the 
spacecraft  is  its  lunar  landing  sequence. 

There  are  two  classes  of  ground  op- 
erations— trajectory  determination  and 

vehicle  control.  The  first  is  conducted 
by  the  JPL  Space  Flight  Operations 
Center  at  Pasadena,  Calif.,  with  data 
supplied  by  the  DSIF  stations  at  Gold- 
stone,  Calif.,  Johannesburg,  South  Af- 

rica, and  Woomera,  Australia. 
Control  operations  are  conducted  by 

CDC  operators  at  the  DSIF  stations 
under  general  direction  of  the  SFOC. 
The  operators  will  execute  pre-planned 
sequences  and  orders  from  the  SFOC, 
and  may  take  some  actions  on  the  basis 
of  their  own  analysis. 

•  Reliability — Obviously,  reliability 
of  the  CDC  and  error-free  performance 
by  its  operators  are  essential  to  mis- 

sion success.  Hughes  engineers  are  pro- 
viding a  high  degree  of  insurance  that 

these  conditions  will  be  present.  Re- 
liability-improving aspects  of  design 

include: 
—On-line  spares  for  nine  critical 

components  to  permit  swift  change-over 
in  case  of  a  failure  without  a  protracted 
warm-up  period. 

—Automatic  indication  at  the  CDC 
if  the  telemetry  link  is  lost. 

—Automatic  selection  by  the  space- 
craft of  a  good  receiver  and  a  good 

central  command  decoder.  It  carries 
two  of  each. 

—Spacecraft  retransmission  of  in- 
coming commands  so  that  signals  can 

be  compared  bit-by-bit  to  verify  correct 
reception  of  magnitude  commands. 

—Provision  that  some  irreversible 
actions  can  be  initiated  only  by  two 
sequential  commands. 

—Visual  display  of  command  iden- 

tifier numbers  as  they  are  encoded  and 
before  they  are  transmitted  so  that  er- 

roneous commands  can  be  caught. 
—Binary  readout  of  command 

words  as  they  are  sent  to  detect  er- 
rors inserted  after  the  pre-transmission 

check. 
—Printout  of  command  identifier 

numbers  after  transmission. 
—Insertion  of  a  compound  error 

detection  code  in  every  command  word. 
The  spacecraft  will  not  execute  a  com- 

mand in  which  an  error  is  detected. 
An  element  of  reliability  is  flexi- 

bility in  adapting  to  the  various  situa- 
tions encountered  during  the  mission. 

To  obtain  this  the  CDC  offers  its 
operators  five  means  of  entering  com- 

mands into  the  system:  emergency 
mode;  manual  mode;  tape  mode-manual; 
tape  mode-automatic  transit;  and  auxil- 

iary mode. 
Most  commands  will  be  entered 

from  tape  with  manual  or  automatic 
transmit  depending  on  the  speed  needed. 
Tape  makes  it  possible  to  minimize  er- 

rors by  checking  the  sequence  before 
launch.  Operators  have  access  to  all 
data  channels  so  they  can  check  for 
proper  execution. 

The  CDC  is  a  modulating  and  de- 
modulating system  with  three  subsys- 

tems: command,  telemetry  and  television. 

It  consists  of  a  three-position  operator's console  and  eight  racks  of  programing, 
recording,  and  testing  equipment.  A 
prototype  is  now  being  tested. 

•  Storage  concepts  —  According  to 
a  study  reported  by  W.  Richard  Davi- 

son and  Jeffrey  P.  Carstens  of  United 
Aircraft  Corp.,  developer  of  the  cryo- 

genic propellant  RL-10  rocket,  stora- 
bility  will  probably  not  be  the  domi- 

nant factor  in  selecting  propellants  for 
stages  which  must  be  kept  loaded  in 
space  or  on  the  Moon  for  long  periods. 

Specific  impulse  and  propellant  den- 
sity are  expected  to  continue  controlling 

stage  weight,  especially  for  relatively 
short  storage  times.  This  conclusion  is 
based  on  the  assumption  that  multi- 

layer metal  foil  super-insulation  with 
vacuum  between  the  layers  of  foil  will 
be  available  by  the  time  the  require- 

ment appears.  For  storage  times  longer 
than  two  weeks  or  with  inferior  insula- 

tion, weight  penalties  associated  with 
storage  of  cryogenic  propellants  begin 
to  be  appreciable. 

Storage  concepts  evaluated  by  the 
authors  included  vented  constant  pres- 

sure systems,  non-vented  constant  vol- 
ume systems,  and  refrigerated  systems. 

They  were  compared  by  the  criterion 

of  weight  added  to  prevent  or  com- 
pensate for  loss  of  propellant  due  to heat  input. 

Design  problems  raised  by  long- 
term  storage  in  space  include  develop- 

ment of  metal  foil  super-insulation  capa- 
ble of  withstanding  the  acceleration  and 

vibration  of  launch,  and  the  engineering 
of  structure  which  will  not  permit  too 
much  heat  to  leak  past  the  insulation 
through  its  solid  members. 

Other  notable  technical  announce- 
ments at  the  ARS  meeting: 

•  Minneapolis -Honeywell  claimed 
development  of  the  first  superconduct- 

ing, three-axis  accelerometer  of  inertial- 
guidance  quality.  Sensitivity  100  times 
better  than  that  of  existing  accelerom- 
eters  is  expected.  The  inertial  mass  of 
the  unit  is  a  niobium  sphere  suspended 
in  a  magnetic  field.  The  entire  unit  is 
kept  at  5°K  to  sustain  superconductiv- 

ity. The  surface  of  the  niobium  ball  and 
wires  generating  the  magnetic  support 
fields  are  superconductive.  Movement 
of  the  ball  during  accelerations  causes 
fluctations  in  the  supercurrent  flowing 
in  the  field  coils.  These  are  interpreted 
to  measure  accelerations. 

•  United  Technology  Center  of 
United  Aircraft  Corp.  has  demonstrated 
segmented  solid-propellant  rockets  with 
a  new  type  of  segment  joint  which 
makes  it  possible  to  use  fiber  glass  cases. 
Previously,  fiber  glass  had  been  con- 

sidered impractical  for  segmented  mo- 
tors because  of  the  problem  of  getting 

strength  and  effective  sealing  at  the 
joints.  UTC  will  soon  test  a  156-in.  seg- 

mented case  of  fiber  glass. 
•  Safety  measures  incorporated  in 

the  lunar  landing  simulator  being  de- 
signed by  Bell  Aerosystems  Co.  for  de- 

livery to  NASA  in  early  1964  include 
sufficient  thrust  in  the  turbojet  engine 

to  counterbalance  five-sixths  of  Earth's 
gravity,  and  in  the  simulated  lunar  lift 
rockets  so  that  either  system  will  permit 
a  safe  landing  if  the  other  fails.  The 
simulator  will  be  able  to  take  off,  fly 
to  an  altitude  of  8000  ft.,  travel  a  dis- 

tance of  three  miles,  simulate  a  lunar 
landing  of  two  minutes  duration,  and 
return  to  the  take-off  site  under  the 
power  of  the  General  Electric  turbojet 
and  the  hydrogen  peroxide  lift  rockets. 
Attitude  control  system  of  the  two-man 
vehicle  is  duplicated  in  case  one  should 
fail.  The  automatic  jet  throttle  control 
is  backed  up  by  a  manual  override  and 
the  jet  engine  gimbal  has  a  back-up  and 
locking  mechanism.  Final  safety  meas- 

ure is  a  zero-velocity,  zero-altitude  ejec- 
tion seat  for  each  crewman.  8 
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The  Industry  Week 

Allen  Heads  AIA  Board 

Boeing  President  W.  M.  Allen  has  been  elected 
chairman  of  the  Aerospace  Industries  Assn. 
Board  of  Directors.  Douglas  Aircraft  President 
D.  W.  Douglas,  Jr.,  was  elected  vice  chairman. 

Executive  committee  of  the  board  was  in- 
creased from  six  to  eight  members.  Besides  Allen 

and  Douglas,  others  elected  to  this  committee 
were:  North  American  Aviation  Chairman  J.  L. 
Atwood,  Bendix  Corp.  President  M.  P.  Ferguson, 
Sperry  Rand  Corp.  Executive  VP  C.  G.  Holschuh, 
Aerojet-General  Corp.  President  D.  A.  Kimball, 
Grumman  Aircraft  Engineering  Corp.  President 
E.  C.  Towl,  and — when  named — the  president  of 
AIA. 

Industry  executives  named  to  the  board  of 
governors  for  1963  included :  Kimball ;  Kerr ;  Bell 
Aerospace  Corp.  President  Harvey  Gaylord;  Fer- 

guson; Allen;  Continental  Motors  Corp.  Presi- 
dent C.  J.  Reese;  Curtiss-Wright  Corp.  Chairman 

and  President  T.  R.  Berner;  Douglas;  General 
Dynamics  Corp.  Vice  Chairman  E.  D.  Johnson : 
General  Electric  VP  J.  S.  Parker;  Towl;  Ling- 
Temco-Vought  Board  Chairman  Robert  McCul- 
loch;  Lockheed  Aircraft  Corp.  Board  Chairman 
C.  S.  Gross. 

Also  named :  Marquardt  Corp.  President  R.  E. 
Marquardt;  Martin  Co.  President  W.  B.  Bergen; 
McDonnell  Aircraft  Corp.  President  J.  S.  McDon- 

nell; Atwood;  PneumoDynamics  Corp.  President 
S.  S.  Mullin ;  RCA  VP,  Defense  Electronics  Prod- 

ucts, A.  L.  Malcarney;  Republic  Aviation  Corp. 
President  M.  I.  Peale;  Rohr  Corp.  Chairman  F.  H. 
Rohr;  Ryan  Aeronautical  Corp.  Chairman  T.  C. 
Ryan;  Holschuh;  Thompson  Ramo  Wooldridge 
Inc.  Chairman  J.  D.  Wright;  United  Aircraft 
Corp.  Chairman  H.  M.  Horner ;  and  Westinghouse 
Electric  Corp.  VP  C.  H.  Weaver. 

When  named,  the  AIA  president  will  also 
serve  on  the  board  of  governors. 

Mergers  &  Acquisitions 
Raytheon  Co.  has  acquired  the  assets  and 

business  of  Autometric  Corp.  of  New  York  City, 
a  subsidiary  of  Paramount  Pictures  Corp.  Trans- 

action does  not  include  Autometric's  interest  in 
Conductron  Corp.  of  Ann  Arbor,  Mich.,  but  does 
cover  Autometric's  Tinsley  Laboratories,  Inc., 
Berkeley,  Calif.  .  .  .  Corning  Glass  Works  has 
acquired  substantial  interest  in  Signetics  Corp., 
a  Sunnyvale,  Calif.,  microelectronics  firm.  .  .  . 
Royal  Industries,  Inc.,  Pasadena,  Calif.,  producer 
of  precision  equipment  for  missile/ space  applica- 

tions, has  bought  Thomsen  Supply,  Inc.,  Gardena, 
Calif.,  for  an  undisclosed  sum.  .  .  .  Litton  Indus- 

tries will  purchase  Emertron,  Inc.,  Silver  Spring, 
Md.j  and  merge  it  into  Litton's  Systems  Group. 
Emerson  Radio  &  Phonograph  will  receive  Litton 
securities  for  its  86%  interest  in  Emertron.  .  .  . 
G.  T.  Schjeldahl  Co.,  Northfield,  Minn,  is  nego- 

tiating to  buy  Electro-Craft  Corp.  of  Blooming- 
ton,  Minn.  The  purchasing  firm  produces  high- 
altitude  balloons  and  communications  satellites. 

New  Firms  and  Divisions 

Mesa  Scientific  Corp.,  Inglewood,  Calif.,  has 
formed  a  new  subsidiary,  the  Systems  Program- 

ming Corp.,  for  computer  systems  programing 
and  complete  design  and  development  services 
for  computer  software  packages.  .  .  .  Cal-Val 
Research  and  Development  Corp.  has  organized 
a  new  Cryo-Therm  Div.  to  market  a  rocket  ex- 

haust simulator  and  a  cryogenic  vapor  former, 
for  which  patents  are  pending.  Recently  acquired 
Sierra-Schroeder  Controls  Div.  will  handle  man- 

ufacture of  these  and  other  developments.  .  .  . 
Atlantic  Semi-conductor,  Inc.,  Asbury  Park, 
N.J.,  has  been  set  up  to  manufacture  a  varied 
line  of  semiconductor  products.  .  .  .  United  Tech- 

nology Corp.,  Sunnyvale,  Calif.,  has  been  shifted 
from  subsidiary  to  division  status  by  its  parent 
firm,  United  Aircraft  Corp.  Tax  benefits  are  one 
reported  reason  for  the  shift.  UTC  is  now  known 
as  United  Technology  Center.  .  .  .  As  part  of  a 
wholesale  expansion  of  its  computer  capabilities, 
Research  Analysis  Corp.  has  set  up  a  Computer 
Sciences  Div.  RAC  is  an  independent,  nonprofit 
operations  research  and  systems  analysis  group 
specializing  in  military  problems.  .  .  .  Loral  Elec- 

tronics Corp.,  New  York  City,  has  merged  its 
Countermeasures  Div.  with  its  Missile  Technology 
Div.  The  new  combined  unit  will  be  known  as  the 
Information  and  Control  Systems  Div.,  and  will 
also  be  located  in  New  York.  .  .  .  Aerojet-General 
Corp.  is  entering  the  commercial,  non-military 
market  through  a  new  unit,  Aerojet  Commercial 
Products  Facility.  This  is  the  firm's  first  venture 
into  microminiature  electronics  completely  sep- 

arate from  its  military  projects. 

Industry  Facilities 
General  Electric  plans  to  build  a  246-acre 

Aerospace  Industrial  Park  at  Daytona  Beach, 
Fla.  The  new  facility  will  have  growth  potential 
for  18  principal  buildings  eventually  accom- 

modating 3000  employees  of  GE's  Command 
Systems  Div.  Construction  will  begin  immediately 
on  three  office  and  lab  buildings  for  the  new 
Apollo  Support  Dept.  These  buildings,  to  be  ready 
in  April,  will  provide  165,000  sq.  ft.  of  working 
space,  while  overall  plans  for  the  park  promise 
over  a  million  sq.  ft.  .  .  .  Gertsch  Products,  Inc., 
Los  Angeles  electronic  instrument  producer,  has 
leased  adjoining  facilities  to  increase  manufac- 

turing and  engineering  space  by  one-third.  This 
is  the  second  substantial  addition  to  the  firm's 
facilities  in  the  past  16  months,  resulting  in  a 
total  of  72,000  sq.  ft.  of  working  space.  .  .  .  Hurle- 
tron,  Inc.,  has  completed  a  new  manufacturing 
and  production  facility  at  Whittier,  Calif.  Hurle- 
tron's  Whittier  Div.  is  subcontractor  on  a  variety 
of  missile/space  projects.  .  .  .  A  new  manufactur- 

ing plant  has  been  constructed  at  North  Haven, 
Conn.,  by  the  newly  formed  Phelps  Dodge  Elec- 

tronic Products  Corp.  The  plant  covers  51,500 

sq.  ft. 
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contracts  and  procurements 

AWARDS 

AIR  FORCE 
$15,000,000— Boeing  Co.,  Seattle,  Wash.,  for  Min- 

u it- man  missiles  and  related  equipment  (sup- 
plemental contract). 

$7,094,039 — General  Dynamics  Corp.,  New  York 
City,  for  work  on  Atlas  E  improvement  pro- 

gram at  San  Diego  (supplemental  contract). 
$6,107,500—  International  Telephone  &  Telegraph Corp.,  New  York  City,  for  work  on  a  space 

communications  system  at  Paramus,  N.J.,  (sup- plemental contract). 
$6,000,000— International  Telephone  and  Tele- 

graph Corp.,  New  York  City,  for  supply  and 
installation  of  a  communications  system  for 
the  Minuteman  missile  site  at  Whiteman  Air 
Force  Base,  Mo.  Work  will  be  done  by  ITT's Kellogg  Communications  Systems  Div.,  Chi- cago. 

$5,000,000— Radio  Corp.  of  America,  New  York 
City,  for  work  on  the  Ballistic  Missile  Early 
Warning  System.  Work  to  be  done  at  Moores- 
town,  N.J.  (supplemental  contract). 

$  1 ,349,000— Hughes  Aircraft  Co.,  Culver  City, Calif.,  for  long  lead  time  items  for  Falcon 
missiles  (supplemental  contract).  Work  to  be 
done  at  Tucson,  Ariz. 

$1,032,480— FairchUd  Camera  &  Instrument  Corp., 
Syosset,  N.Y.  for  development  of  photo- 

graphic image  interpretation  equipment. 
$1,000,000— A vco  Corp.,  New  York  City,  for  re- 

search and  development  work  on  re-entry  ve- hicles at  Wilmington,  Mass. 
$1,000,000—  Bendix  Corp.'s  Pacific  Div.,  North Hollywood,  Calif.,  for  a  sonar  system  that 

will  help  missile-tracking  ships  pinpoint  the 
location  of  nose  cones  or  instrument  pack- 

ages when  they  land  in  the  sea. 
$598,000—  United  ElectroDynamics,  Inc.'s  United Aerospace  Div.,  Pasadena,  Calif.,  for  the  pro- 

duction of  56  transistorized  airborne  telemetry 
systems  which  will  be  flown  on  operational 
flights  of  the  Atlas,  Thor  and  Titan  missiles 
from  Vandenberg  Air  Force  Base. 

ARMY 
$4,834,093— Hercules  Powder  Co.,  Wilmington, 

Del.,  for  rocket  motors  and  various  types  of 
propellants. 

$3,927,000— Diverco  Constructors,  Los  Angeles, 
for  work  on  solid  motor  development  at  Com- 

plex 1-36  and  two  test  stands  and  support  fa- cilities for  solid  motor  components  of  the 
Titan  111  SLV-5. 

$3,874,000— Raytheon  Co.,  Lexington,  Mass.  for 
Hawk  missile  system  components.  Work  to  be 
done  at  Andover,  Mass. 

$1,882,312— Belock  Instrument  Corp.,  College Point,  N.  Y.,  for  engineering  services  on  the 
Hawk  missile  system. 

NAVY 

$13,500,000— Wes  tin  ghouse  Electric  Corp.,  Bal- 
timore, Md.,  for  design  and  development  of missile  guidance  equipment. 

$2,700.000 — Bendix  Corp.,  Mishawaka,  Ind.,  for continued  research  and  development  of  the 
Typhon  missile  system  (supplemental  contract). 

Crane  Co.'s  Hydro-Alre  Div.,  Chicago,  III.,  for dummy  Tartar  missiles  with  a  solid  propellant 
motor  to  be  used  in  testing  Tartar  Mk-15 
launchers  (undisclosed  amount). 

NASA 
$12,000,000— McDonnell  Aircraft,  St.  Louis,  for additional  funding  for  Gemini. 
$2,560,000 — Ling-Temco  \  ought.  Dallas,  Tex.,  for development  of  the  velocity  package  for  Proj- ect Fire. 
$273,570 — Crysler  Corp.,  New  Orleans,  La.,  for purchase  of  three  test  consoles. 
Vitro-Smith  Corp.,  New  York  City,  for  design, furnishing,  installing  and  testing  a  new  space 

environmental  chamber  at  the  Langley  Re- search Center  (undisclosed  amount). 

Vickers.  Inc.,  New  York  City,  for  design  and  de- 
velopment of  an  integrated  pulse  modulated 

60-lb.  thrust  chamber  for  the  Manned  Space- 
craft Center,  Houston  (undisclosed  amount). 

INDUSTRY 

$10,165,000 — Gcnneral  Motors'  Allison  Div.,  In- dianapolis, Ind.,  from  Aerojet-General  Corp., 
for  production  of  titanium  second-stage  rocket motor  cases  for  the  Minuteman  missile. 

$3,000.000— Rohr  Corp.,  Chula  Vista,  Calif.,  from 
Western  Electric,  for  microwave  relay  anten- 

nas at  Bell  System  installations  in  the  U.S. 
$2,700,000— United  Control  Corp.,  Redmond, 

Wash.,  from  the  Boeing  Co.,  for  follow-on 
production  of  special  ground  based  environ- 

mental control  systems  equipment  used  on  the Minuteman  missile. 
$1,500,000—  Perkin-Elmer  Corp.,  Norwalk,  Conn., 

from  Sylvania  Electric  Products,  Inc.,  for  de- 
veloping and  building  optical  systems  for  the 

Orbiting  Astronomical  Observatory. 
$1,000,000 — Moog  Sevrocontrols,  Inc.  East  Au- rora, N.Y.,  from  General  Dynamics/Pomona, 

for  electrohydraulic  servovalves  for  use  in 
Terrier  and  Tartar  guided  missiles. 

$500.000 — Electradata  Corp.'s  Data  Products  Div., Los  Angeles,  from  International  Telephone  and 
Telegraph's  Federal  Labs,  for  several  advanced 
models  of  Electradata's  Datacom  systems. 

Western  Scientific  Instrument  Co.,  Inc.,  from  the 
Jet  Propulsion  Laboratory,  for  providing  cali- 

bration, maintenance  and  repair  service  to 
electronic  testing  and  measuring  equipment 
(undisclosed  amount). 

Swedlow  Inc.,  Los  Angeles,  from  Lockheed  Mis- 
sile &  Space  Co.,  for  research  and  develop- 

ment work  on  Teflon-coated  stainless  steel 
positive-expulsion  bladders  for  an  advanced 
thrust  vector  control  system  (undisclosed amount ) . 

Packard  Instrument,  Co.,  Albuquerque,  N.M., 
from  the  Jet  Propulsion  Laboratory,  for  devel- 

opment and  assembly  of  two  prototype  gamma 
ray  detectors  (undisclosed  amount). 

REQUESTS  FOR  BIDS 

GENERAL  PROCUREMENTS 

Headquarters,  Space  Systems  Div. Air  Force  Unit  Post  Office 
Los  Angeles  45,  Calif. Attn:  SSTK 
Sources  sought  to  operate  a  cleaning  and  hy- 

drostatic testing  facility  for  missile  booster  and 
aerospace  components  and  parts  at  Vandenberg 
AFB,  Calif.  Successful  contractor  will  manage 
and  provide  personnel  for  operation  of  present 
facility,  which  cleans  parts  generated  from  parent 
items  using  liquid  oxygen/hydrocarbon,  helium 
and  cryogenic  liquids.  The  majority  of  these  parts 
requires  no  special  handling  equipment.  Past  ex- 

periences show  the  normal  workload  to  be  32,000 
items  per  month.  The  Government  will  provide 
the  facility,  special  tooling,  protective  clothing, 
parts  and  consumable  supplies.  Contractor  per- 

sonnel will  provide  their  own  hand  tools  common 
to  the  trade  for  use  in  disassembly  and  reassembly 
of  components.  We  plan  to  contract  for  a  12- 
month  period  by  using  a  firm  fixed  price  contract 
for  labor  with  provisions  for  procurement  of 
equipment,  parts  and  supplies  on  a  cost  reimbursa- 

ble basis.  The  facility  operates  on  two  8-hour 
shifts  with  personnel  consisting  of  22  people,  which 
includes  a  foreman  for  both  the  day  and  night 
shifts  and  one  secretary.  Firms  desiring  to  re- 

ceive an  RFP  must  demonstrate  past  experience 
and  capability  in  chemical  cleaning,  disassembly, 
and  assembly  of  missile  and/or  propellant-trans- 
fer  system  components.  Specifically,  your  response 
should  state  in  detail  (1)  company  experience  in 
the  performance  of  this  type  of  activity  (2)  aca- 

demic training  and  experience  of  key  managerial 
personnel  with  short  resumes,  (3)  operational  capa- 

bility to  perform  without  undue  delay  assuming  con- 
tract may  be  let  in  February  1963.  Telephone 

requests  will  not  be  accepted.  Responses  should 
be  mailed  to  Hq.,  SSD,  Air  Force  Unit  Post 

Office,  Los  Angeles  45,  Calif.  Attn.  Mr.  Roy  A. 
Watkins  (SSKB).  The  following  firms  are  being 
considered  for  solicitation  and  need  not  respond: 
Compudyne  Corp.,  Planetech  Corp.,  and  Dow Chemical  Co. 

Bureau  of  Naval  Weapons 
Washington  25,  D.C. 
Production  sources  sought.  The  Bureau  of 

Naval  Weopons  in  conjunction  with  the  U.S. 
Naval  Ordnance  Plant,  Louisville,  Ky.,  will  pro- 

cure a  quantity  of  liquid  propellant  rocket  en- 
gines for  air  launched  missiles.  This  unit  is  a 

tankage-type  rocket  engine  manufactured  prin- cipally fom  machined  aluminum  fogings  and 
weided  into  one  integral  unit.  Certain  inside  sur- 

faces require  thermal  insulation.  The  approxi- 
mate weight  is  100  lbs.  before  loading.  Aspects 

of  the  procurement  carry  DOD  security  classifi- 
cation of  "Confidential."  Therefore,  prospective bidders  must  already  possess  a  current  facilities 

security  clearance  of  "Confidential"  as  set  forth in  Industrial  Security  Manual  for  Safeguarding 
Classified  Information.  Prospective  bidders  will  be 
requested  to  bid  on  a  limited  quantity  and  tool- 

ing cost  for  the  purpose  of  establishing  a  satis- 
factory production  line.  The  RFP  will  state  pro- duction rates.  No  government  furnished  tools  or 

capital  equipment  in  addition  to  those  already  in 
the  bidder's  possession  will  be  available.  Options for  additional  quantities  will  be  included  in  the 
RFP.  Prospective  bidders  will  be  requested  to 
quote  on  loaded  and  unloaded  engines.  Drawings 
and  RFPs  will  be  forwarded  upon  written  request 
and  ceruncation  of  proper  security  Clearance  and 
will  be  available  by  12-7-62  to  bidders  who  make 
requests  prior  to  that  date  to  Bureau  of  Naval 
Weapons,  Code  NPR,  Mr.  Peterson,  Room  0330, 
Mam  Navy  Building,  Washington  25,  D.  C.  Phone: 
Oxford  6-2743.  Documentation,  including  draw- 

ings and  specs,  may  be  ambiguous  to  prospective 
bidders;  therefore,  the  Naval  Ordnance  Plant, 
Louisville,  in  conjunction  with  the  Bureau  of 
Naval  Weapons,  Washington,  D.C,  will  conduct 
a  bidders  symposium  for  the  purpose  of  convey- 

ing complete  detad  information  relative  to  this 
engine  to  recipients  of  RFPs.  This  symposium  will 
be  held  at  9:00  AM,  12-19-62,  at  the  Kentucky Fair  and  Exposition  Center,  Freedom  Hall,  Room 
B,  Louisville,  Ky.  All  prospective  bidders  are 
urged  to  attend  this  symposium,  lo  gam  admis- 

sion to  the  symposium,  companies  must  forward 
to  the  U.S.  Naval  Ordnance  Plant,  Louisville, 
Ky.  (Attn:  Programs  Management  Office),  prior 
to  12-7-62,  the  list  of  names  of  their  representa- tives who  will  attend  this  symposium,  along  with 
sufficient  security  clearances  showing  that  these 
individuals  are  cleared  to  observe  confidential 
documentation  and  equipment.  Each  firm  will  be 
limited  to  3  attendees.  C/N  2860-63.  BuWeps  Syn- 

opsis No.  167-63. 

Dept.  of  the  Army  Engineer  District,  Omaha 
Corps  of  Engineers 6012  U.S.  Post  Office  and  Courthouse 
215  N.  17th  St. 
Omaha  2,  Nebraska 
Attn:  Construction  Div. 
Construction  of  SAC  antenna  supports,  Lin- 

coln Atlas  F  sites,  Lincoln,  Nebr.  Work  will  in- clude the  following:  Construction  of  a  total  of 
13  antenna  silos  at  12  sites.  Silos  to  consist  of  re- 

inforced concrete  slab  foundation,  (a)  9  ft.  diam- 
eter Vz  in.  thick  steel  shell  extending  28  ft.  below 

grade  and  a  3  in.  thick  steel  plate  roof  and  door. 
Installation  of  government-furnished  hydraulic 
door  operating  mechanisms  complete  with  elec- tric control  panel  and  shock  insulation  mountings. 
Electrical  work  including  water  level  alarm,  door 
heater  cable  and  connections  to  government  fur- 

nished equipment,  (b)  construction  of  one  an- tenna slab  at  each  of  12  sites.  Slabs  to  be  11  ft. 
in  diameter  by  three  feet  thick  reinforced  con- 

crete (c)  underground  electrical  circuits  to  con- trol center,  (d)  2300  SY  of  12  in.  thick  slab 
aggregate  surfaced  access  roads,  (e)  site  grading 
and  seeding.  Approximate  value  of  proposed  con- 

struction—$500,000.  A  payment  of  $5.00  per  set 
is  requested  in  the  form  of  a  certified  check  or 
U.S.  money  order  made  payable  to  the  Treasurer 
of  the  U.S.  The  payment  will  not  be  refunded 
and  the  drawings  need  not  be  returned.  Job — 
IFB  ENG-25-066-63-60.  Bid  opening  12-21-62. 
Drawings,  specs  and  bid  forms  furnished  by  the Corps  of  Engineers,  Omaha,  Nebr. 
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names  in  the  news- 

William  S.  Allen:  Appointed  senior 
scientist  in  the  Electrochemical  Dept.  of 
the  Research  and  Development  Laboratory 
of  Erie  Resistor  Corp.,  Erie,  Pa. 

John  E.  Gray:  Appointed  chief  of  sup- 
port systems  for  Minneapolis-Honeywell 

Regulator  Co.'s  Military  and  Space  Sci- 
ences Dept.,  Washington,  D.C.  Richard 

G.  Weber  appointed  chief  of  command 
and  technology. 

George  Tuck:  Appointed  group  man- 
ager in  charge  of  electromechanical  pro- 

duction of  Kinetics  Corp.,  Solana  Beach, 
Calif. 

K.  M.  Fullerton:  Named  manager  of 
General  Electric  Co.'s  Defense  Programs 
Operation,  San  Bernardino,  Calif. 

John  F.  S.  Abbott:  Appointed  to  the 
new  post  of  rocket  rubber  sales  manager 
for  the  Naugatuck  Chemical  Div.  of  the 
U.S.  Rubber  Co.,  Naugatuck,  Conn. 

Edmundo  Gonzalez:  Appointed  man- 
ager, Special  Products  Operation,  Lans- 

dale  Div.,  Philco  Corp.,  Lansdale,  Pa. 

Joseph  R.  Bruman:  Joined  the  Guid- 
ance and  Control  Systems  Div.  of  Litton 

Systems,  Inc.,  Beverly  Hills,  Calif.,  as  a 
staff  planner. 

Theodore  Kanell:  Appointed  sales  man- 
ager for  New  Hampshire  Ball  Bearings, 

Inc.,  Peterborough,  N.H. 

Harry  A.  Jackson:  Appointed  resident 
plant  manager  for  Spectrol  Electronics  of 
Canada,  Ltd.,  subsidiary  of  Spectrol  Elec- 

tronics Corp.,  San  Gabriel,  Calif. 

John  Walovich:  Promoted  to  director 
of  engineering  for  Stancor  Electronics, 
Inc.,  Chicago. 

Michael  J.  Ganz:  Elected  assistant 
treasurer  of  International  Telephone  and 
Telegraph  Corp.,  New  York  City. 

Col.  Jack  L.  Bentley   (USAF  ret.): 
Appointed  manager-business  acquisition 
planning  for  General  Electric's  Light Military  Electronics  Dept.,  Utica,  N.Y. 

Robert  Burns:  Appointed  regional  sales 
manager  in  the  southeast  for  Motorola 
Semiconductor  Products,  Inc.,  Phoenix, 
Ariz. 

William  R.  Browne:  Elected  to  the 
board  of  directors  and  appointed  vice 
president  of  Meletron  Corp.,  Los  Angeles. 

John  E.  Woodward:  Named  corporate 
director  of  material  for  Texas  Instruments, 
Inc.,  Dallas. 

Stanley  J.  Hardman:  Elected  president 
of  Hardman  Tool  and  Engineering  Co., 
Santa  Monica,  Calif. 

William  E.  Dundon:  Appointed  indus- 
trial sales  engineer  of  OPW  Div.  of  the 

Dover  Corp.,  Cincinnati. 

Dr.  Richard  D.  DeLauer:  Associate 
director,  ballistic  missile  program  manage- 

ment and  director  of  Space  Technology 
Laboratories,  Inc.'s  Titan  weapon  pro- 

gram office,  Redondo  Beach,  Calif.,  elected 
a  vice  president  of  STL.  Dr.  Robert  Brom- 
berg,  director  of  the  mechanics  division; 
Edward  M.  Foley,  treasurer  and  director 
of  corporate  planning  and  control;  Dr. 
George  E.  Solomon,  director,  systems  re- 

search and  analysis  division,  also  elected 
vice  presidents. 

J.  J.  McDonald:  Named  general  man- 
ager of  Packard  Bell  Computer  Division 

of  Packard  Bell  Electronics,  Los  Angeles. 

Robert  B.  Hutton:  Elected  vice  presi- 
dent and  general  manager  of  Guardian 

Electric  Co.'s  Culver  City,  Calif.,  opera- 
tions. 

Carl  H.  McBain:  Elected  a  vice  presi- 
dent of  the  Perkin-Elmer  Corp.,  Norwalk, 

Conn.,  and  also  director  of  marketing  for 
the  Instrument  Div. 

Dr.  Richard  K.  Orthuber:  Promoted  to 
director  of  the  Electro-Optical  Laboratory 
at  nT  Federal  Laboratories,  Nutley,  N.J. 

W.  M.  Hawkins,  Jr.:  Promoted  to  sales 
manager  of  the  Electronic  Engineering 
Co.,  Santa  Ana,  Calif. 

Theodore  H.  Crane:  Promoted  to  direc- 
tor of  research  and  product  development, 

High  Vacuum  Equipment  Corp.,  Hingham, 
Mass. 

Frank  L.  Salizzoni  and  Howard  A. 
Markham:  Appointed  operations  analysts 
at  the  Research  Analysis  Corp.,  Bethesda, 
Md. 

Douglas  C.  Strain:  Chairman  of  the 
board  and  president,  Electro  Scientific  In- 

dustries, Portland,  Ore.,  elected  chairman 
of  the  Scientific  Apparatus  Makers  Asso- 

ciation's Electronic  and  Electrical  Instru- 
ment Group,  Chicago. 

Arthur  T.  Ruppe:  Appointed  general 
manager  of  the  Bendix  Foundries  division 
of  the  Bendix  Corp.,  Teterboro,  N.J. 

Edward  E.  Baumna:  Appointed  vice 
president  and  elected  to  the  board  of 
directors  of  Signalite,  Inc.,  Neptune,  N.J. 

Leonard  F.  Cramer:  Appointed  execu- 
tive vice  president  of  Airtronics  Interna- 

tional Corp.,  Fort  Lauderdale,  Fla. 

Ralph  E.  Moyer:  Appointed  manager 
of  missile  engineering  for  Beech  Aircraft 
Corp.,  Wichita,  Kans. 

Page  G.  Whitmore:  Appointed  market- 
ing research  manager  for  the  electrical 

products  groups  of  Minnesota  Mining  and 
Manufacturing  Co.,  St.  Paul,  Minn. 

Joseph  L.  Flood:  Appointed  manager 
in  charge  of  advanced  reliability  programs 
of  Motorola's  Semiconductor  Products 
Div.,  Phoenix,  Ariz. 

seal  metal  joints,  •  seal  leaks sheet  work  •  use  as  adhesive 

insulate  wiring  for  pre-fabricated 
and  terminals  silicone  rubber 

For  a  thousand  jobs,  just  squeeze 
it  on  and  it's  on  to  stay!  No  pre- 
mixing  or  priming.  RTV-102 silicone  rubber  adheres  to  almost 
anything  —  glass,  metal,  plastics, 
tile,  wood,  silicone  rubber.  Sets  in 
minutes,  cures  in  a  few  hours,  forms 
a  resilient  rubber  that  never  dries 
out,  cakes  or  cracks.  Resists  mois- ture, grease,  weathering,  many 
chemicals,  and  temperatures  from 
— 75°F  to  500°F. 

RTV-102  won't  sag  on  vertical surfaces,  can  be  smoothed  over 
large  areas,  "gives"  with  vibration and  flexing.  For  free  evaluation 
sample  plus  technical  data,  write 
on  your  letterhead  describing  your 
application  to  Section  01270,  Sili- cone Products  Department,  General 
Electric  Company.  Waterford,  N.Y. 

GENERAL  ®  ELECTRIC 
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new  mm  mmmm  products 

Gage  Eliminates  Surface  Heat  Loss 

TEMPERATURE  MEASURE- 
MENTS of  surfaces  with  thermal  ca- 

pacities so  low  that  any  heat  removal 
during  the  process  constitutes  an  error 
are  now  possible  with  a  zero  heat  flow, 
null-type  gage. 

Though  there  are  many  kinds  of  in- 
struments designed  to  indicate  surface 

temperature,  there  are  often  cases  where 
the  mere  contact  of  the  measuring  de- 

vice causes  heat  loss  and  a  questionable 
reading. 

In  these  instances,  it  is  necessary  to 
use  a  measuring  technique  that  avoids 
contact  or  is  designed  to  remove  the 
possibility  of  heat  flow  in  either  direc- 

tion. Non-contact  means  such  as  radia- 
tion devices  rely  for  accuracy  on  the 

degree  of  certainty  with  which  the  sur- 
face emissivity  can  be  determined.  This 

is  extremely  difficult  with  some  translus- 
cent  materials,  and  materials  in  which 
surface  emissivity  may  vary. 

In  addition,  many  objects  transmit 
sufficient  background  radiation  to  seri- 

ously affect  instrument  accuracy. 
The  zero-flow,  null-type  gage  in- 

vented by  Chemstrand  Co.  and  devel- 
oped jointly  by  Chemstrand  and  Hast- 

ings-Raydist,  Inc.,  is  a  contact  measur- 
ing instrument  that  avoids  the  heat-flow 

problem. 
•  Operating  Principle  —  In  effect, 

the  sensing  element  of  the  Matchtemp 
Pyrometer  ®  is  a  null-type  thermo- 

couple heated  to  the  approximate  tem- 
perature of  the  surface  to  be  measured. 

It  is  heated  by  an  internal  junction 
welded  to  one  or  more  of  the  legs. 

When  the  probe  is  applied  to  a  sta- 
tionary or  moving  body,  the  instrument 

instantly  indicates  the  temperature  dif- 
ferential between  the  material  surface 

and  the  probe.  The  result  can  be  in- 
dicated on  a  direct-reading  meter. 

Should  the  temperature  be  below 
that  of  the  thermocouple,  the  needle  will 
deflect  below  the  thermocouple  tem- 

perature— if  above,  the  opposite  will  be 
true.  When  no  change  in  temperature 
appears  on  contact,  both  probe  and 
material  are  the  same  temperature. 

To  adjust  the  instrument  to  surface 
temperature,  it  is  necessary  for  the  user 

to  make  two  or  three  contacts  with  the 
object,  adjusting  the  thermocouple  each 
time  to  compensate  for  the  indicated 
difference.  This  operation  is  handled  in 
a  few  seconds,  say  Hastings-Raydist  ex- 

perts. 

The  major  advantage  of  the  gage  is 
elimination  of  heat  flow  in  either  direc- 

tion. In  addition,  the  probe  itself  is  un- 
affected by  heat  radiation  either  from 

the  material  or  the  surrounding  atmos- 
phere. The  temperature  established  on 

the  dial  control  is  exactly  that  main- 
tained by  the  thermocouple. 

It  is  not  necessary  to  make  an  im- 
mersion stem  correction  or  to  wait 

while  the  thermocouple  comes  to  tem- 
perature. For  all  practical  purposes,  a 

change  in  the  dial  results  in  an  instant 
change  in  instrument  temperature. 

When  the  probe  is  placed  in  contact 
with  the  medium,  the  temperature  dif- 

ferential is  instantly  indicated.  Accura- 
cies on  readout  of  nylon  lines  running  in 

excess  of  600  fpm  has  ranged  between 
0.25°  and  0.5°  C. 

Because  of  its  light  weight  and  scn- 

Programable  Digital  System 

Control  Logic,  Inc.,  offers  a  pro- 
gramable  digital  system  for  testing,  de- 

signing, simulation  and  training  in  dig- 
ital systems.  The  unit  is  a  complete 

2-bay  console  containing  a  selection  of 
control  logic  patchcord  logic  panels. 
Using  the  panels,  the  systems  design 
engineer  may  proceed  directly  from 
logic  diagram  to  actual  operating  system 
simply  by  patchcording  the  proper  cir- 
cuitry. 

Large  logic  symbols,  between  color- 
coded  banana  jack  terminations  for  cir- 

cuit interconnection,  provide  immediate 
visual  reference  to  the  logic  function. 
Each  panel  is  a  complete  unit  mounting 
the  modular  products  of  series  DC1  or 
DC2  circuits  wired  to  the  panel  jacks. 
Connection  of  three  power-supply  levels 
make  these  units  ready  for  system  sim- 

ulation, logic  design,  on-line  small  sys- 
tems, test  equipment  or  training  in 

digital  systems  techniques. 
Features  include:  DC  to  2.0  mc 

static  logic  circuits  with  choice  of  diode 
or  transistor  gating;  28  standard  panels 
from  which  to  select  specific  require- 

ments; each  panel  a  complete  sub-func- 
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New  Product  of  the  Week: 

Stabilization  of  VHF  and  micro- 
wave signals  to  one  part  in  108  short 

term  is  provided  by  an  instrument 
produced  by  Dymec  Div.,  Hewlett- 
Packard  Co.  The  DY-2650A  oscilla- 

tor synchronizer  provides  extremely 
stable  signals,  as  required  in  such 
areas  as  Doppler  systems,  microwave 
frequency  standards  labs,  and  para- 

metric amplifier  pump  applications. 
The  unit  phase  locks  a  reflex  kly- 

Oscillator  Synchronizer 
stron  oscillator  to  an  internal  crystal 
reference  to  achieve  stability  of  one 
part  in  108  per  second,  one  part  in 
106  per  week.  Temperature  stability 
is  one  part  in  106  through  the  range 
0-50°C. 

The  DY-2650A  will  synchronize 
most  reflex  klystrons,  one  to  12.4 
gc,  with  complete  elimination  of  kly- stron drift. 

Circle  No.  225  on  Subscriber  Service  Card 
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sitivity,  the  probe  will  not  damage  the 
measured  material.  Using  a  fork  probe, 
temperature  profiles  have  been  obtained 
on  three-denier  nylon  filament  without 
breaking  the  line  or  damaging  the  fila- 

ment surface. 

But  the  kind  of  thermocouple  wire 
used  limits  the  temperature-measuring 
capability  of  the  instrument.  The  fact 
that  it  is  a  heated  instrument  restricts 

tional  unit;  and  input-output  circuit 
load  units  marked  on  panel  at  each 
jack  to  simplify  inter-connection  of 
circuits. 

Circle  No.  226  on  Subscriber  Service  Card 

Airborne  Transducer 

A  teleflight  bonded  strain  gage  pres- 
sure transducer/ amplifier  Model  185/ 

290-1  has  been  developed  by  Taber 
Instrument  Corp.  The  unit  is  specially 
designed  for  space  vehicle  and  rocket 
applications  where  reliability,  weight 
and  size  are  most  important.  It  delivers 
an  amplified,  5  volt  d-c  signal  in  pro- 

portion to  the  applied  pressure. 
Having  an  output  impedance  of  ap- 

proximately 15  ohms  the  Model  185/ 
290-1  is  ideally  suited  to  operate  tele- 

metering and  servo  systems,  meters, 
recorders,  and  control  equipment.  Vi- 

bration and  acceleration  sensitivity  are 
reported  to  be  less  than  0.005%  full 
scale  per  g  for  ranges  above  0-250  psi. 
Providing  fast  response  to  transient 
pressures,  the  instrument  will  withstand 
pressure  overloads  up  to  three  times 
full  scale. 

Circle  No.  227  on  Subscriber  Service  Cord 

its  use  to  above-ambient  temperature 

applications. The  standard  instruments  available 

are  suitable  up  to  456°F.  Additional 
range  can  be  provided  by  changing  the 
thermocouple  material  or  by  using  an 
external  potentiometer:  Inmost  applica- 

tions, this  has  not  proven  necessary. 
e  Probe  Configurations — The  probe 

type  is  highly  dependent  on  the  applica- tion. For  instance,  in  measuring  moving 

Circuit  Module  Connector 

A  connector  for  printed  and  welded 
circuit  modules,  featuring  a  1/10  in. 
grid-connection  pattern,  is  available 
from  Barnes  Development  Co. 

Circuits  with  leads  as  short  as  3/  32 
in.  can  be  contacted  and  a  variety  of 
wire  diameters  is  accepted.  Insertion 
force  is  low,  and  contacts  are  gold- 
plated  beryllium  copper.  Typical  life  is 
in  excess  of  100,000  insertions. 

Insulation  material  is  phenolic  or 
Teflon,  and  these  connectors  are  suit- 

able for  use  in  all  types  of  environ- 
mental and  room  ambient  conditions 

up  to  200°C. Circle  No.  228  on  Subscriber  Service  Card 

VSWR  Detector 

Telonic  Engineering  Corp.  has  avail- 
able a  VSWR  measuring  device  capable 

of  providing  outputs  for  null  indication 
or  scope  display  of  reflection  coefficients. 

The  Rho-tector  employs  a  bridge 
circuit  to  provide  a  d-c  signal  propor- 

tional to  the  magnitude  of  the  reflected 
coefficient  of  unknown  as  compared  to 
the  standard.  VSWR  measurements  may 

filaments,  a  fork-type  is  especially  suit- 
able. The  sensing  element  is  in  the  cen- 

ter of  a  cross,  forming  a  rigid  structure. 
Half  the  cross  is  heated  directly  by  con- 

trolled current,  and  the  temperature  at 
the  junction  is  indicated  by  the  output 
device. 

A  second  unit,  in  the  form  of  a 
narrow  finger,  is  used  to  measure  the 
surface  temperature  of  processing  equip- 

ment or  operating  devices.  The  sensing 
element  is  again  a  crossed  thermocouple 
with  two  legs  heated  and  the  other  two 
in  the  measuring  circuit. 

The  final  probe  configuration  is  a 
button  type  used  for  measuring  rela- 

tively flat  surfaces.  A  protective  flange 
with  rounded  edges  surrounds  the  probe 
so  that  the  sensing  element  can  touch 
the  object  without  snagging  or  tearing 
the  surface. 

Temperature  readout  is  through  the 
visual  meter  or  by  means  of  either 
recorders  or  sound  indicators.  Recorders 

are  adaptable  to  continuous  measure- 
ment. For  example,  a  cyclical  variation 

in  a-c  power  may  be  applied  to  the  in- 
strument, causing  the  temperatures  to 

fluctuate  above  and  below  the  tempera- 
ture of  the  surface  to  be  measured.  Dur- 
ing this  control  cycle,  the  probe  is 

touched  to  the  object  surface  and  the 

resulting  temperature  difference  is  in- dicated on  the  recorder. 
This  method  eliminates  operator  ad- 

justment, making  the  equipment  semi- automatic. In  some  cases,  the  recorder 
is  equipped  with  an  event  marker  to 
simplify  temperature  reading.  8 Circle  No.  269  on  Subscriber  Service  Card 

be  made  by  null-balancing  with  a  gal- 
vanometer or  a  VSWR  meter,  or  can 

be  displayed  on  an  oscilloscope  when 
used  in  conjunction  with  a  sweep  gen- 

erator. It  is  adaptable  to  the  testing  of 
filters,  amplifiers,  couplers,  and  other 
coaxial  components.  It  can  be  used  in 
both  the  laboratory  and  in  production 
where  the  oscilloscope  display  is  ex- 

tremely useful  for  determining  VSWR 
values  rapidly  and  accurately. 

Circle  No.  229  on  Subscriber  Service  Card 

Logic  Transistor 
Texas  Instruments  Semiconductor- 

Components  Div.  has  developed  a  tran- 
sistor capable  of  delivering  greatly  im- 

proved performance  in  existing  high- 
voltage  switching  circuitry  for  logic 

applications. 
Specifications  on  the  2N2635  in- clude: BVCE0  of  12  volts;  BVCB0  of 

30  volts;  tx  (total  switching  time)  as 
low  as  240  nanoseconds  in  a  typical 
circuit;  plus  the  extremely  rugged  mesa 
construction  capable  of  withstanding 
forces  in  excess  of  35,000  g's  in  the critical  Y,  plane. 

Circle  No.  230  on  Subscriber  Service  Card 
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Space  Electronics 

Backward  Wave  Oscillator 

The  Microwave  Device  Div.,  Syl- 
vania  Electric  Products,  Inc.,  has  de- 

veloped an  S-band  backward  wave  oscil- 
lator that  features  an  integral  permanent 

focusing  magnet,  ambient  cooling  and 
a  new  light  weight  package. 

The  SYB-4400  is  designed  to  operate 
over  the  entire  S-band,  2-4  Gc,  with  a 
power  output  of  100  mw  minimum.  It 
is  equipped  with  a  control  grid  to  facili- 

tate low-voltage  pulsed  or  amplitude 
modulation.  The  grid  may  also  be  used 
with  a  simple  power  leveling  device  to 
insure  a  flat  power  output  ±1.5  db 
across  the  entire  band. 

The  frequency  output  may  be  elec- 
trically swept  from  2  Gc  to  4  Gc  by 

sweeping  the  delay  line  voltage  from 
150-1450  volts. 

The  improved  electrical  design  of 
the  SYB-4400  has  very  closely  con- 

trolled frequency  versus  tuning  voltage. 
The  tuning  response  of  individual  tubes 
can  be  held  consistently  within  ±4  per- 

cent from  a  given  frequency  versus  tun- 
ing voltage  curve.  The  power  output 

across  the  band  varies  by  no  more  than 
10  db. 

Circle  No.  231  on  Subscriber  Service  Card 

Rotary  Stepping  Switch 
Hurletron  Inc.  is  marketing  a  rotary 

stepping  switch  designated  the  6000 
Series.  The  rotary  line  is  characterized 
by  small  size  and  light  weight,  while 
offering  current  carrying  capabilities 
from  dry  circuit  to  10  amp  at  28v  a-c 
or  1 1 5v  a-c.  In  addition,  units  are  ca- 

pable of  withstanding  shock  of  50  g's, 
vibration  at  10  g's  through  2000  cps, 
environmental  temperature  range  of 
from  — 70°C  to  125°C  and  conform  to 
MIL-R-6016-C. 

Circle  No.  232  on  Subscriber  Service  Card 

Silicon  Module 

Two  silicon  modules  are  available 
from  Scientific  Data  Systems,  Inc.,  for 
driving  either  an  incandescent  display 
or  a  Nixie  display.  Both  operate  at 
0-100°C  and  permit  direct  decoding  of 
any  of  the  following  codes:  (8,  4,  2,  1), 
(2,  4,  2,  1),  (5,  4,  2,  1),  (4,  2,  2,  1), 
Excess  3  or  Gray.  Output  is  10  lines 
while  input  uses  standard  SDS  silicon- 
module  voltage  levels  of  zero  and  8 
volts. 

Circle  No.  233  on  Subscriber  Service  Card 

Transverse  Probe 

A  transverse  test  probe  for  deter- 
mining direction  and  density  of  fields 

in  alternating  magnetic  fields  in  labo- 
ratory, military  and  industrial  applica- 

tions is  available  from  Magnetic  Shield 

Div.,  Perfection  Mica  Co.  The  probe's 

construction  facilitates  magnetic  field 
attenuation  measurements  in  shielding 
structures  where  the  field  direction  is 

normal  to  the  probe's  axis.  This  is  ac- 
complished by  positioning  the  air  core 

pickup  coil  within  the  Faraday  type  of 
electrostatic  shield  enclosure  with  its 

axis  normal  to  the  electrostatic  shield's axis.  The  field  measurement  plane  is 
indicated  by  a  reference  line  along  the 
cylinder  length.  The  RMS  gauss  read- 

ing is  easily  obtained  by  noting  the  AC 
VTVM  reading  and  using  the  simple 
formula  furnished  with  the  calibrated 

probe. Circle  No.  234  on  Subscriber  Service  Cord 

Transmitting  Tubes 

A  compactron  and  two  nine-pin 
miniature  transmitting  tubes  specifically 
designed  for  reliable  and  economical 
high-band  mobile  communications  are 
available  from  General  Electric  Receiv- 

ing Tube  Department. 
The  type  8156  is  a  medium-power 

transmitting  tube  with  15  watts  plate 
dissipation  at  175  mc.  A  new  multiplier- 
driver  tube,  type  8106,  is  rated  at  six 
watts  plate  dissipation.  The  8106  can 
double  and  drive  the  7984,  can  drive 
two  7984's  in  push-pull,  or  can  double 
and  drive  a  pair  of  8156's.  For  fre- 

quency tripling  and  FM  modulator,  the 
triode-pentode  type  8102  now  is  avail- 

able. All  employ  13.5  volt  heaters. 
Circle  No.  235  on  Subscriber  Service  Cord 

Pulse  Generator 

Developed  by  Digital  Systems,  Inc., 
the  Model  DS-25  25-megacycle  Pulse 
Generator  is  designed  to  cover  a  multi- 

tude of  applications  requiring  solid-state 
reliability  at  very  high  repetition  rates. 

Repetition  rate  is  500  kc-25  mc  con- 
tinuously variable  over  the  entire  range. 

Duty  cycle,  adjustable  to  50%  over  the 
entire  range,  is  automatically  selected. 
Rise-fall  time  is  4  nanoseconds;  output 
±10  volts  into  93  ohms,  output  attenu- 

ation range  0  —  40  db  in  5  steps.  Power 
requirements:  117  volts  ±10%,  50/60 

cps,  30  w. Circle  No.  236  on  Subscriber  Service  Card 

Accurate  Synthesizer 

Accepting  a  standard  frequency  in- 
put, the  Model  301  Synthesizer  devel- 
oped by  Montronics,  Inc.,  can  provide 

any  customer-specified  frequency  from 
one  to  32  mc  in  increments  as  small  as 
100  cps.  With  accessory  multipliers, 
this  frequency  range  can  be  extended 
to  480  mc.  Long-term  stability  and  ac- 

curacy are  that  of  the  reference  stand- ard. 
Adaptable  and  versatile,  this  syn- 

thesizer features  excellent  short-term 
stability,  harmonic  content  of  40  db 
below  fundamental  spurious  content  of 
70  to  90  db  below  desired  frequency, 
and  standard  input  of  100  kc,  250  mv 
into  50  ohms  (with  1  mc  input  also available). 

Typical  applications  include  use  in 
standards  or  scientific  laboratories,  and 

with  navigation,  radar  and  communica- 
tions systems. 

Circle  No.  237  on  Subscriber  Service  Cord 

Semiconductor  Tester 

A  rapid-speed  semiconductor  test 
station  using  a  unique  method  of  auto- 

matic programming  is  available  from 
Optimized  Devices,  Inc. 

Designed  to  subject  transistors  or 
diodes  to  a  full-range  of  tests,  the  Model 
1500  automatic  transistor  test  station  is 

pre-programed  via  the  unit's  punched 
tape  program  module  to  make  any  se- 

quential semi-conductor  measurements 
on  a  go-no-go  and  data  logging  basis. 
Provisions  for  metering,  continuous 
scanning,  digital  readout,  printout,  card 
punch,  yield  counts  and  bin  selection are  also  available. 

Circle  No.  238  on  Subscriber  Service  Card 

PCM  Decoder 

A  PCM  decoder  with  0.1%  accu- 
racy is  being  marketed  by  Correlated Data  Systems  Corp. 

Model  PCMD-1000  provides  ground 
station  telemetry  engineers  with  a  con- 

venient way  to  develop  parallel-binary 
and  analog  information  from  a  serial 
digital  wave  train  using  the  NRZ format. 

All  circuitry  is  100%  solid  state 
with  0.1%  accuracy  over  the  tempera- 

ture range  of  0°C  to  50°C.  Conversion 
capability  is  at  five,  six,  seven,  eight, 
nine,  or  10  bit  levels.  Various  models 
in  this  product  family  can  be  supplied 
which  provide  up  to  six  such  converters 
in  a  single  panel-mounted  assembly. 
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Simplified  front  panel  pushbutton 
controls  manually  provide  data,  bit  sync 
and  word  sync.  Data  input  characteris- 

tics include  10  to  200,000  bits  per  sec- 
ond, serial  NRZ-C  format  with  "Zero" 

— 0  to  0.2  volts  and  "One" — 5 — 10 
volts. 

Circle  No.  239  on  Subscriber  Service  Card 

Waveguide  Adjustable  Short 

Waveline,  Inc.  has  developed  a  com- 
plete series  of  adjustable  waveguide 

shorts  in  eight  standard  waveguide  sizes 
to  cover  the  frequency  range  of  2.60 
to  40.0  Gc.  Most  of  the  standard  models 
use  a  non-contacting  folded  half-wave 
trap-type  short  circuit,  except  the  lower 
frequency  models,  which  are  equipped 
with  a  spring-finger  short  circuit. 

These  adjustable  precision  instru- 
ments are  used  for  terminating  a  wave- 
guide transmission  line  at  various  points 

of  the  short  circuit.  When  in  combina- 
tion with  a  waveguide  tee  section,  they 

form  a  stub  transformer  that  can  be 
used  as  a  tuner  in  a  transmission  line. 
They  may  also  be  used  as  a  short-circuit 
reference  plane  in  connection  with  im- 

pedance or  admittance  measurements. 
Circle  No.  240  on  Subscriber  Service  Card 

Relays 

Integrated  Electronics  is  marketing 
a  complete  range  of  reed  relays.  Con- 

tacts sealed  in  a  glass  envelope  filled 
with  inert  gas  will  handle  up  to  15  w 
at  250  v.  Features  are  long  life,  switch- 

ing speed,  compactness,  accuracy  and 
ease  of  packaging.  Coil  voltages  up  to 
110  vdc,  standard  and  miniature  pack- 

ages are  available.  Typical  of  circuit 
characteristics  in  reed  packages  are 
latching,  non-latching  stepping,  progres- 

sion switching,  logic  modules,  proximity 
switching  and  variable  sensitivity. 

Circle  No.  241  on  Subscriber  Service  Card 

Crystal  Oscillator 

A  voltage-controlled  crystal  oscilla- 
tor, Model  90814,  which  features  ex- 

tremely low  phase  jitter  over  an  output 
frequency  range  of  44  to  54  mc  with  a 

frequency  stability  of  three  parts  in  10" 
short  term,  and  3  parts  in  106  long 
terms  (10  min.)  has  been  developed  by 
Resdel  Engineering  Corp.  Maximum 
control  voltage  range  is  ±3v  with  vol- 

tage-control sensitivity  nominal  3  kc/v 

at  output  frequency. 
The  unit  is  designed  for  use  where 

frequency  deviation  is  required  from  a 
reference  voltage.  Typical  applications 
are  phase-locked  circuits  as  used  in 
GSE  receivers,  transmitters,  signal  gen- 

erators and  as  a  signal  source  for  fre- 
quency multipliers.  The  units  can  be 

used  for  any  type  of  servo-loop  circuit 
in  which  locking  frequency  to  a  specific 
signal  is  required.  It  has  the  advantage 
of  crystal  stability  combined  with  the 
flexibility  of  variable  and  remote  fre- 

quency control.  The  unit  is  completely 
solid  state  with  all  components  derated 
for  maximum  reliability  and  long  life. 

Circle  No.  242  on  Subscriber  Service  Card 

Current  Regulator 

A  low-level  current-limiting  device 
capable  of  ±1  micromho  regulation  is 
available  from  Circuit  Dyne  Corp.,  a 
subsidiary  of  Telonic  Industries,  Inc. 
One  of  a  series  of  CircuitDyne  "Cur- 
rector"  constant  current  diodes,  the 
model  CP-8  is  a  two-terminal  com- 

ponents that  may  be  specified  with  any 
current  level  from  2.1  to  1  ma  in  5% 
increments.  Measuring  8-in.  dia.  x  1.05- 
in.  long,  the  unit  is  encapsulated  in 
epoxy  and  is  available  with  single-ended or  axial  leads. 

The  CP-8  is  a  silicon  type,  capable 
of  handling  up  to  40  volts  and  operating 
in  a  temperature  range  of  — 55°C  to 
100°C.  Overall  current  regulation  is 
±0.1%.  Its  characteristics  make  it  espe- 

cially useful  in  circuits  such  as  timing, 
sweep  generation,  and  special  instru- 

mentation systems  when  working  with 
low  current  values. 

Circle  No.  243  on  Subscriber  Service  Card 

Velocity  Plotter 

A  velocity  plotter — designed  to  give 
a  highly  accurate  analog  profile  of  sled 
velocities  with  respect  to  time  and  posi- 

tion— is  available  from  Resdel  Engineer- 
ing Corp.  The  Model  91058  plots  infor- 

mation in  real  time  with  an  accuracy 
of  ±1%.  It  can  measure  velocities  be- 

tween 15  and  3,000  fps.  The  informa- 
tion is  converted  and  presented  to  a 

standard  XY-type  recorder. 
Circle  No.  244  on  Subscriber  Service  Card 

Butler  Arrays 

A  wide  variety  of  standard  and  cus- 
tom-designed "Butler  Arrays"  has  been 

developed  by  Advanced  Development 
Laboratories,  Inc.  Each  ADL  Butler 
Beam  Forming  Matrix  consists  of  a  spe- 

cific configuration  of  quadrature  hybrids 
and  fixed-phase  shifters.  When  con- 

nected to  an  N-element  antenna  array, 
the  matrix  provides  N  simultaneous, 
overlapping  isolated  beams,  each  point- 

ing in  a  different  direction  and  using 

the  full  projected  antenna  aperture. 
ADL  Butler  Matrices  are  offered  in 

both  narrowband  and  broadband  models 
at  any  operating  center  frequency  be- 

tween 0.5  and  8.0  GC.  Narrowband 
bandwidth  is  ±5%,  broadband  band- 

width is  one  octave.  Adjacent  beam  iso- lation is  35  db. 
Circle  No.  245  on  Subscriber  Service  Card 

Stored  Energy  Gyro 

American  Gyro,  a  division  of  Tamar 
Electronics  Industries,  Inc.  is  marketing 
their  stored  energy,  two-axis,  free  gyro. 
The  unit  is  designed  for  short-range  mis- 

siles and  similar  ballistic  projectiles. 
This  kind  of  application  requires  imme- 

diate operation  on  launch  and  a  control 
output  in  the  roll  and/or  pitch  attitude. 
However,  the  gyroscopic  principle  is 
also  applicable  to  Rolleron  controls  and 
other  devices  that  require  a  spontaneous 
acceleration  of  a  rotating  member. 

Operational  conditions  are  reached 
within  70  to  100  milliseconds  after  in- 

itiation signal.  By  replacing  the  entire 
power  pack  or  recharging  the  spent 
power  pack,  the  gyroscope  can  be  made 
operational  within  a  matter  of  minutes. 
The  gyroscope,  with  the  attached 
charged  power  pack,  remains  in  a  caged 
position  until  the  power  pack  charge  is 

ignited  and  has  accelerated  the  gyro  spin 
rotor  to  its  maximum  speed,  after  which 
the  gimbals  are  instantly  released.  Latest 
tests  resulted  in  spin-motor  accelerations 
with  angular  momentums  in  excess  of 
two  million  (gm  cmVsec.)  within  100 
milliseconds. 

Circle  No.  246  on  Subscriber  Service  Card 

Differential  Transformer 

A  differential  transformer  for  high 
nuclear  flux  environment  is  available 
from  Automatic  Timing  and  Controls. 
It  is  specially  designed  to  operate  into 
double  bridge  rectifiers  with  a  center 
balance  meter  and  to  provide  tempera- 

ture stabilization  with  a  special  excita- 
tion system  with  inductive  ballast. 

The  coil  operates  as  a  flow  meter 
with  water  pipe  running  through  it  and 
an  armature  in  the  pipe.  The  pipe  is 
Type  347  stainless  with  a  0.400-in.  wall thickness.  The  armature,  of  MU  metal, 
is  1.5  in.  long  with  an  OD  of  1.270  in. 
and  an  ID  of  1.130  in. 
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High  Mass  Flow 

•  Impellers 

•  Inducers 

•  Rotors 

Area  Code  607-AR  2-8500 
1001  Hudson  Street  Ext.,  Ithaca,  New  York 

JIOLfX 
STANDARD 
PROPELLANT 
PRESSURE 

CARTRIDGES 
Available  from  stock  in  41 
/incremental  energy  output 
'ratings  from  17  to  695  foot- pounds, for  actuating  valves, 
cable-cutters,  pin-pullers  and 
other  explosively-operated 
mechanisms  in  missiles  and 
space-craft  ★  *  *  Cut  re- 

search  and  -..„.. 

Space  Electronics 

The  unit  can  operate  in  tempera- 
tures up  to  1000°F.  Temperature  is  sta- 

bilized at  550°F— 300°F  within  5%. 
Neutron  flux  level  is  5  x  104  neutrons/ 
cmVsec.  Gamma  ray  flux  level  for 
cumulative  doses  is  108  r  and  108  rem. 
It  has  an  estimated  stable  lifetime  of 
25  years. 

Circle  No.  247  on  Subscriber  Service  Cord 

Sweep  Generator 

A  sweep  generator,  the  model  PD-8, 
capable  of  delivering  up  to  4  watts  of 
swept  or  modulated-swept  RF  power 
is  available  from  Telonic  Industires,  Inc. 

The  instrument,  covering  the  fre- 
quency range  of  330  to  1010  mc,  is 

development 
time.  99.98% 
reliability! 

WRITE  FOR  HOLEX  PRES- 
SURE CARTRIDGE  DATA 

SHEETS  •    Dept.  F 

orporated 

Design,  Development 
Test  and  Manufacture  of  Pre- 

cision Explosive  Components. 
HOLMSTER,  CALIFORNIA Circle  No.  5  on  Subscriber  Service  Card 

also  capable  of  operating  in  CW  and 
modulated  CW  as  well  as  the  two  RF 
modes.  Its  output  capabilities  make  it 
extremely  useful  for  applications  such 
as  test  and  evaluation  of  varactors, 
klystrons,  filters,  or  wherever  high  RF 
power  levels  are  necessary.  In  RF  op- 

eration, the  sweep  generator  employs  a 
special  UHF  triode  to  furnish  up  to  4 
watts.  In  both  CW  modes,  the  instru- 

ment provides  up  to  2  watts  with  a 
100%  duty  cycle.  These  outputs  are 
available  after  3  db  of  fixed  attenuation 
used  to  maintain  constant  output  level 
regardless  of  changes  in  loading. 

The  outputs  may  be  accurately  set 
at  any  value  up  to  their  maximums  via 
a  precise  turret  attenuator,  graduated 
from  0  to  59  db  in  1  db  increments. 
This  attenuator  is  in  series  with  the  3-db 
pad,  and  if  still  lower  outputs  are 
needed,  additional  attenuators  may  be 
provided  as  accessory  equipment. 

Circle  No.  248  on  Subscriber  Service  Card 

Pressure  Transducer 

A  high-performance  digital  output 
pressure  transducer  is  available  from 
Instruments,  Inc. 

The  Model  P606  converts  pressure 
into  a  seven-bit  unambiguous  binary 
code  output,  which  divides  the  pres- 

sure into  128  discrete  parts.  The  in- 
strument's output  can  be  read  visually 

or  it  can  be  fed  directly  into  a  magnetic 
tape  system,  typewriter  system,  etc. 

This  transducer  measures  pressures 
from  0  to  1  psi  through  0  to  1000  psi 
FS;  absolute,  gage,  and  differential.  Its 
size  is  approximately  1%-in.  dia.,  3%- 
in.  long.  Combined  non-linearity  and 
hysteresis  is  less  than  ±1%FS.  Input 
is  1  to  10  volts;  output  is  a  seven-bit 
binary  code,  1  to  10  volts.  The  instru- 

ment operates  over  a  temperature  range 
of  —  65°F  to  250°F,  and  thermal  zero 
and  sensitivity  shift  is  less  than 

0.01%FS/°F. Circle  No.  249  on  Subscriber  Service  Card 

Variable  Attenuator  Pads 

Waveline  Inc.,  Caldwell,  N.J.  offers 
a  series  of  variable  attenuator  pads  that 
provide  inexpensive,  well  shielded,  effi- 

cient, low  level  attenuation  over  the 
frequency  range  of  7.05  to  18.0  Gc. 
These  minimum  size  units  find  applica- 

tion in  isolating  microwave  devices,  ad- 
justing power  levels  in  microwave  net- 
works, and  reducing  reflections  in  wave- 

guide circuits. 
Three  standard  models  provide 

shielded  variable  attenuation  from  0.5 
to  20.0  db  over  the  frequency  range  of 
7.05  to  18.0  Gc.  Maximum  VSWR  for 
each  unit  is  1.20  at  a  power  level  not 
in  excess  of  one  watt. 

Circle  No.  250  on  Subscriber  Service  Card 

DPST  Solid  State  Switch 

The  Alpha-Tronics  Corp.  is  market- 
ing Type  SW-104  DPST  solid-state switch  that  features  differential  offset  of 

±50  microvolts  over  — 20°C  to  ±85°C 
with  no  adjustments  required.  No  ex- ternal drive  transformer  or  floating  gate 

input  is  required  to  excite  the  switch 
from  continuously  "on"  to  lOkc.  The 
SW-104  is  ideally  suited  for  handling 
differential  signals  in  the  low  millivolt 
range  and  due  to  the  low  back  current 
generated  signals  in  the  low  millivolt 
range  and  due  to  the  low  back  current 
generated,  variations  in  source  imped- 

ance of  0  to  IK  have  no  adverse  effect 
on  the  dc  offset.  Welded  construction  is 

employed  and  the  0.29-cu.-in.  switch 
module  is  fully  encapsulated  in  low  spe- 

cific gravity  epoxy  resin  resulting  in  a 
weight  of  only  7.5  grams. 

Open  switch  resistance  is  greater 
than  1500  megohms  at  85°C  with  a ±15  volt  differential  signal  applied. 
Closed  "contact  resistance"  is  less  than 
80  ohms  per  pole.  The  SW-104  requires 
less  than  70  milliwatts  of  power  at  6 

volts  only  when  the  switch  is  "on"  and the  signal  to  ground  resistance  is  greater 
than  10K  megohms. 

Circle  No.  251  on  Subscriber  Service  Card 
40 

missiles  and  rockets,  December  3,  1962 



Galvanometer UHF  Power  Amplifier Missile  Disarming  Switch 

A  high-frequency  galvanometer 
which  extends  the  useful  recording  ca- 

pabilities of  CEC  oscillographs  to 
13,000  cps  has  been  developed  by  Con- 

solidated Electrodynamics  Corp..  a  sub- 
sidiary of  Bell  &  Howell. 

With  the  Type  7-365  galvanometer, 
oscillographs  can  be  used  for  both 

"quick-look"  monitoring  and  storage  of 
data  at  frequencies  heretofore  attain- 

able only  by  such  equipment  as  cath- 
ode-ray oscillographs  and  magnetic  tape 

recorders. 
The  7-365  has  a  rated  deflection 

(a-c  peak-to-peak)  of  one  inch  double 
amplitude  and  can  be  used  with  all 
CEC  oscillographs  having  an  1 1  -in. 
optical  arm. 

Total  sensitivity  variation  over  the 
entire  frequency  range  (at  rated  deflec- 

tion) is  not  more  than  ±5%  from  the 
statistically  determined  frequency  re- 

sponse curve. 
Useful  frequency  range  is  from  0 

to  13,000  cps.  Sensitivity  is  69  ma/in. 
Maximum  deflection  (a-c  peak-to-peak) 
is  2  in.  Nominal  per  unit  damping  is 
0.64. 

Circle  No.  252  on  Subscriber  Service  Card 

Checker/ Activator 

A  Model  610  gas  checker  and  Model 
62 1  getter  activator  designed  to  promote 
optimum  use  of  spare,  standby,  and 
operative  eimac  power  klystrons  (num- 

bers 4KM50,  000LR,  4kM50,  000LQ. 

4KM50,  000LA3,  4KM50,  000LF. 
4KM50LB,  and  3KM50,  000PA)  have 
been  developed  by  Elsco  Systems,  Inc. 
In  combination,  they  provide  means  of 
detecting  high  gas  levels  in  klystrons 
and  of  degassing  them. 

The  clamped  meter  of  the  checker 
provides  simple  go-no-go  indication  as 
well  as  numerical  indication  of  relative 
gas  pressure.  The  activator  is  used  in 
a  normal  or  flash  mode  to  degas,  em- 

ploying the  klystron's  own  titanium 
getter,  or  by  beam  pumping.  Both  units 
are  highly  automatic,  requiring  mini- 

mum skill  to  operate. 
Circle  No.  253  on  Subscriber  Service  Cord 

A  UHF  power  amplifier  weighing 
less  than  one  pound  and  measuring 
only  12  cu.  in.  is  available  from  Micro- 

dot, Inc.  Model  217A,  the  miniaturized 
cavity  utilizes  a  single  ceramic  tube  and 
produces  an  output  of  40  watts  from 
an  input  excitation  of  2  watts.  Rapid 
cooling  is  accomplished  through  a  heat 
sink  that  conducts  the  heat  from  the 
tube  to  the  outer  surface  of  the  module. 

The  space  saving  size  of  the  217 'A, which  makes  it  particularly  valuable  in 
aerospace  applications,  is  the  result  of 
new  circuit  designs  which  provide  stable, 
non-critical  alignment  and  rugged  re- liability. 

Circle  No.  254  on  Subscriber  Service  Cord 

Micro  Transistors 

The  General  Electric  Co.  has  devel- 
oped a  line  of  silicon  planar  and  planar 

epitaxial  passivated  transistors  designed 
for  use  on  thin-film  microelectronic  cir- 

cuits. The  units  are  composed  of  a  tran- 
sistor pellet  mounted  on  a  Kovar  tab 

measuring  0.050-in.  wide  and  up  to  0.10- 
in.  long.  In  place  of  the  traditional  metal 
transistor  cap,  an  epoxy  resin  is  depos- 

ited over  the  pellet  to  protect  it  from 
mechanical  damage.  The  overall  thick- 

ness is  about  0.030-in. 
The  transistors  are  available  in  either 

a  2-lead  configuration  with  the  Kovar 
tab  serving  as  the  collector  lead  or  a 
3-lead  configuration  for  circuits  where 
a  collector  lead  may  be  desired. 

Circle  No.  255  on  Subscriber  Service  Card 

Coaxial  Cable 

Helical  membrane,  an  aluminum 
sheathed,  air  dielectric,  semi-flexible  co- 

axial cable  has  been  developed  by 
Phelps  Dodge  Electronic  Products Corp. 

A  lightweight  cable,  Helical  Mem- 
brane offers  fast  propagation,  low  signal 

loss,  high  temperature  resistance,  low 
attenuation,  excellent  frequency  re- 

sponse, uniform  electrical  properties 
over  a  wide  range  of  temperature  varia- 

tions and  unlimited  operating  life.  Ad- 
ditionally, Helical  Membrane  may  be 

pressurized  to  improve  voltage  ratings 
and  can  be  bent  to  very  small  radii 
without  electrical  or  mechanical  dis- 
turbance. 

The  inner  conductor  of  the  cable 
is  copper  wire  or  tube,  depending  on 
cable  diameter,  coaxially  supported  by 
a  polyethylene  helix,  sheathed  in  a 
seamless  aluminum  outer  conductor. 
When  Helical  Membrane  is  to  be  used 
in  applications  involving  temperatures 
in  the  100°C  to  250°C  range,  Teflon 
helix  is  substituted  for  polyethylene. 

Circle  No.  256  on  Subscriber  Service  Card 

Daven  Division  of  General  Mills, 
Inc.,  has  developed  a  line  of  disarming 
switches  for  use  in  operational  missiles. 

The  Daven  switch  is  a  manual  de- 
vice which,  once  locked,  cannot  be  dis- 

lodged unless  a  remote  control  pulse  is 

deliberately  triggered  to  actuate  the 
missile.  As  long  as  the  button  is  pushed 
in,  the  unit  is  absolutely  disarmed.  When 
the  button  is  out  a  red  marking  on  the 
switch  indicates  "armed"  position. 

Circle  No.  257  on  Subscriber  Service  Card 

Step  Attenuator 

A  compact  "K"  Band  step  attenu- ator with  an  extremely  wide  frequency 
range  has  been  developed  by  Guide 
Manufacturing  Co.  Model  327 — de- 

signed for  use  in  radar  systems  and 
parametric  amplifiers — consists  of  a 
metalized  mica  card  attached  to  a  rotary 
solenoid. 

The  unit  operates  on  a  frequency 
band  of  18.0-26.0  gc.  Attenuation  is  a 
minimum  of  20  db;  insertion  loss  is  a 
maximum  of  0.5;  VSWR  is  a  maximum 
of  1.2  and  voltage  input  is  28  vdc. 

Circle  No.  258  on  Subscriber  Service  Card 

Portable  Precision  Clock 

Aerospace  Research,  Inc.,  has  de- 
veloped a  Portable  Precision  Clock 

weighing  15  lbs.  for  field  and  airborne 
application  where  battery  operation  and 
exceptional  stability  are  a  must. 

The  solid-state  PC-110,  operating 
from  either  a  30  volt  rechargeable  bat- 

tery or  110  volt  a-c,  provides  jitterless 
output  in  decades  from  1.0  microsecond 
to  1.0  second,  and  at  one  minute. 

A  feature  of  the  ARI  precision 
clock  series  is  a  pushbutton  stepping 
switch  that  permits  rapid  incremental 
pulse  setting  and  synchronization  to 
within  a  microsecond  of  external  pri- 

mary time  references  such  as  Loran-C, 
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Space  Electronics 

VVWV,  NBA.  An  integral  one  second 
audio  signal  may  also  be  activated  to 
enable  synchronization  of  the  clock  and 
external  source  without  use  of  an  oscil- 
loscope. 

Circle  No.  270  on  Subscriber  Service  Card 

Solid-state  DC  Inverters 

All  solid-state  d-c  to  sine  wave  in- 
verters from  400  to  1600  cps  are  avail- 

able from  Arnold  Magnetics  Corp.,  Los 
Angeles.  The  400,  800,  1200  and  1500 
cps  units  are  standard,  and  any  fre- 

quency from  400  to  1600  cps  will  be 
supplied  on  special  order. 

Powered  from  a  28-volt  d-c  source, 
these  power  supplies  deliver  up  to  50 
volt-amperes  with  low  harmonic  distor- 

tion. Units  are  ideal  for  driving  a-c 
motors,  gyros,  and  magnetic  amplifiers. 
Output  voltage  and  frequency  are  reg- 

ulated to  close  limits,  making  units 
suitable  for  powering  military  servo  sys- 

tems from  a  d-c  line. 
Units  feature  self-protection  against 

short-circuits,  input  line  transients,  and 
reversal  of  input  polarity.  Frequency 
stability  is  0.5%. 

Circle  No.  260  on  Subscriber  Service  Card 

Logarithmic  Detector 
Deveolped  by  Electronics  Systems, 

Inc.,  Model  129  logarithmic  detector 
features  wide  bandwidth,  high  gain,  and 
calibrated  input-output  characteristic.  A 
minimum  IF  bandwidth  of  10  mc  is 
achieved  with  all  stages  synchronously 
tuned.  The  output  video  passband  is 
from  d-c  to  3.5  mc. 

The  input  dynamic  range  is  60  db. 
and  the  peak  pulse  output  level  varies 
from  plus  one  to  plus  six  volts  over  this 
range  of  input  signals.  The  input-output 
characteristic  is  held  to  within  plus  or 
minus  1  db  of  a  logarithmic  curve. 

This  unit  employes  eight  vacuum 
tubes  and  includes  a  linear  detector  for 
alignment  purposes. 

Circle  No.  261  on  Subscriber  Service  Card 

Magnetic  Testers 
Two  models  of  precise  magnetic 

testers,  specifically  designed  for  the 
evaluation  of  magnetic  cores  and  cir- 

cuits, are  available  from  Electronic 
Memories,  Inc.  The  design  utilizes  four 
basic,  interchangeable  modules;  nega- 

tive drivers,  positive  drivers,  current 
calibrator  and  a  program  generator  to 
achieve  flexibility  of  usage.  A  power 
supply  module  is  used  with  all  versions 
of  the  testers. 

Where  a  variety  of  tests  and  pro- 
grams is  to  be  performed,  Model  150, 

which  includes  the  program  generator 
module,  allows  toggle-switch  control  of 
programs  from  the  front  of  the  unit. 
For  more  static  requirements,  Model 
102,  which  has  no  program  generator 
and  requires  manual  repatching  of  ba- 

nana plugs  located  at  the  back  of  the 
unit  to  accomplish  program  changes,  is 
adequate. Circle  No.  262  on  Subscriber  Service  Card 

Current  Input  Conditioner 
B&F  Instruments,  Inc.  is  marketing 

a  unit  for  conditioning  variable-resist- 
ance transducers.  The  Model  ICI601 

Conditioner  accommodates  convention- 
al strain  gage  transducers  as  well  as 

transducers  that  undergo  changes  in 

THERE'S 
ACTION 

IN  ROCKETS 
AT  BELL  AEROSYSTEMS 

With  the  establishment  of  the  Bell  AGENA  as 
the  workhorse  of  the  Space  Age  (chalked  up  a 
record  of  98.8%  reliability  in  Air  Force  and 
NASA  satellite  and  space  probe  programs),  Bell 
is  continuing  to  seek  out  new  applications  for  ad- 

vanced AGENAS.  The  reaction  controls  for  the 

Mercury  capsule  were  also  developed  at  Bell,  and 
work  is  now  in  progress  on  further  developments 
in  reaction  controls  for  a  variety  of  space  pro- 

grams. Additional  investigations  are  continuing 
in  very  high  energy  rocket  engines  and  in  develop- 

ment of  a  multiple  re-start  rocket  engine. 

POSITIONS  ARE  OPEN  NOW  IN: 
ROCKET  DEVELOPMENT 
To  conduct  analytical  and  design  studies  and 
investigation  in  all  areas  of  liquid  propellant 
engines  and  systems;  perform  conceptual  de- 

sign and  supporting  analyses  for  new  rocket 
propulsion  devices. 

ROCKET  SYSTEMS 
Analysis  for  propulsion  systems  of  interrelated  effects  of  system  con- 

figuration changes,  cumulative  controlled  tolerances  of  components, 
thermal  variations,  hardware  interchangeability  and  dynamic  conditions 
on  gas  storage  requirements,  and  system  steady  state  and  transient 
performance. 

ROCKET  TEST 

STRUCTURES 
INSTRUMENTATION 
DEVELOPMENT 

MATERIALS  RESEARCH 

HEAT  TRANSFER 
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resistance,  such  as  temperature  probes, 
potentiometers,  semiconductor  strain 
gages  and  asymmetric  strain  gage  bridge 
configurations. 

A  highly  stabilized  constant  current 
supply  provides  transducer  excitation. 
Constant  sensitivity  can  be  maintained 
in  a  4-wire  system  regardless  of  cable 
length  and  resistance  change.  The  out- 

put impedance  is  at  least  2  megohms 
and  the  current  will  vary  less  than  two 
parts  in  10,000,  even  if  a  350-ohm 
bridge  is  shorted. 

Circle  No.  263  on  Subscriber  Service  Cord 

Slang  Computer 

A  "common  language"  computer 
which  uses  existing  program  libraries 
without  reprograming,  duplicates  the 
commands  and  formats  of  other  com- 

puters, and  enables  programers  to  create 
problem-oriented  command  lists  will  be 
marketed  by  Packard  Bell  Computer. 
The  PB440  employs  a  dual  memory 
stores  logic  concept  which  stores  com- 

mands in  the  form  of  microcommands 
in  an  ultra-fast  logic  memory.  Com- 

mands can  be  changed  as  required,  giv- 
ing the  computer  unusual  flexibility  and 

efficiency.  In  addition  to  the  logic  mem- 
ory, which  executes  microcommands 

with  a  1  microsecond  read  time,  the 
PB440  utilizes   a  conventional  main 

memory  operating  on  a  5  microsecond 
cycle  time. Circle  No.  264  on  Subscriber  Service  Card 

Bandpass  Filters 
A  series  of  interdigital  bandpass  fil- 

ters for  microwave  applications  is  avail- 
able from  MELABS.  The  filters  are  be- 
ing marketed  with  center  frequencies 

from  100  mc  through  10  gc,  with  band- 
widths  ranging  from  1%  to  more  than 
an  octave.  Phase  tracking  is  better  than 
2  degrees  from  unit  to  unit,  opening 
up  many  new  filter  uses.  The  line  offers 
high  performance,  temperature-stable 
microwave  bandpass  structures  with  ex- 

tremely low  loss  (typically  0.3  to  0.7 
db  for  12-section  filters),  and  clean 
stopband  characteristics. 

Circle  No.  265  on  Subscriber  Service  Card 

UHF  Telemetry  Receiver 
Defense  Electronics  Inc.  is  market- 
ing the  TMR-21  UHF  telemetry  re- 

ceiver. The  unit  has  been  designed  to 
fill  the  need  for  a  versatile  receiver  in 
the  2200-2300  megacycle  band  that  will 
not  only  meet  standard  FM/FM  and 
PDM/FM  applications,  but  PCM/FM 
requirements  as  well  in  systems  using 
up  to  one  million  bits  per  second.  Key 
features  of  this  receiver  include  VFO 
or  crystal  controlled  one  knob  tuning 

and  complete  predetection  record  and 
playback  capabilities.  The  combination 
of  plug-in  IF  amplifiers  to  determine 
predetection  bandwidth,  simultaneous 

FM  and  AM  detection  and  adjustable 
video  bandwidth  make  the  receiver  suit- 

able for  use  in  the  ground  station  of 
virtually  any  telemetry  system  currently used. 

Circle  No.  266  on  Subscriber  Service  Card 

Semiconductor  Check 

Rapid,  accurate,  semi-automatic 
checking  of  transistors,  diodes  and  other 
devices  is  available  from  Owen  Labora- 

tories, Inc.  in  its  series  1000  semicon- 
ductor test  equipment.  The  unit  is  capa- 

ble of  handling  components  in  ex- 
tremely large  quantities  and  is  also  eco- 
nomical for  moderate  quantities  and  for 

engineering  and  reliability  studies.  De- 
signed in  the  building  block  concept, 

each  test  module  is  completely  inde- 
pendent with  its  own  power  supply  and 

may  be  used  alone  or  in  combination 
with  other  modules.  Only  a  readout 
device  is  required  to  complete  a  simple 
test  set-up.  Basic  units  include  a  scan- 

ner, limit  comperator  and  indicator.  Full 
scale  output  on  each  range  is  one  volt 
for  all  parameters,  which  can  be  easily 
fed  into  digital  equipment. 

Circle  No.  267  on  Subscriber  Service  Card 

High  Temperature  Solenoid 
A  high-temperature  solenoid  devel- 

oped by  Whittaker  Controls  and  Guid- ance Division  of  Telecomputing  Corp 
is  an  electric  valve  actuator  for  space 
application  and  operable  on  400-cycIe 
ac  power.  The  unit  is  independent  of 
space  environments  and  altitude  condi- tions. 

Circle  No.  268  on  Subscriber  Service  Card 
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ACROSS  THE  STREET  FROM  NASA  — HOUSTON 
Permanent  facilities  are  available  adjoining  the 
new  Manned  Spacecraft  Center  in  Houston.  The 
buildings  are  designed  to  accommodate  labora- 

tory, engineering,  clerical  and  administrative 
functions  with  sufficient  room  for  expansion. 
They  are  part  of  a  planned  community  of 
homes,  apartments,  shopping  and  recreation 
facilities.  Write  for  full  information. 

NASSAU  BAY 
Downtown  Office:  327  Houston  Bank  &  Trust  Bldg.,  Houston,  Texas 

Circle  No.  6  on  Subscriber  Service  Card 



when  and  where 

DECEMBER 

Fall  Joint  Computer  Conference,  spon- 
sored by  American  Federation  of  In- 

formation Processing  Societies  and  IRE, 
Sheraton  Hotel,  Philadelphia,  Dec.  4-6. 

Vehicular    Communications  Conference, 
IRE,  Disneyland  Motel,  Los  Angeles, 
Dec.  6-7. 

First  Annual  Symposium  on  Unconven- 
tional Inertia!  Sensors,  Republic  Avia- 

tion Corp.'s  Paul  Moore  Research  & 
Development  Center,  Farmingdale, 
N.Y.,  Dec.  10-11  (classified). 

Pricing  and  Negotiating  Prime  and  Sub- 
contracts and  the  Defense  and  Aero- 

space Industries  Seminar,  Marriott 
Motor  Hotel,  Washington,  D.C.,  Dec. 
10-15. 

Structural  Dynamics  Under  High-Impulse 
Loading  Symposium,  sponsored  by 
AFOSR  (Mechanics  Div.)  and  Aero- 

nautical Systems  Div.,  Wright-Patterson 
AFB,  Ohio,  Dec.  17-18. 

International  Arms  Control  Symposium, 
sponsored  by  University  of  Michigan 
and  Bendix  Systems  Div.,  University 
of  Michigan,  Ann  Arbor,  Dec.  17-20. 

Space  Physics  Meeting,  American  Rocket 
Society  and  American  Assn.  for  Ad- 

vancement of  Science,  Philadelphia, 
Dec.  26-31. 

American  Astronautical  Society  Sym- 
posium on  Scientific  Satellites — Mis- 

sion and  Design,  Franklin  Hall,  Phila- 
delphia, Dec.  27. 

JANUARY 
Millimeter  and  Submillimeter  Confer- 

ference,  IRE,  Cherry  Plaza  Hotel, 
Orlando,  Fla.,  Jan.  7-10. 

American  Chemical  Society  National  Meet- 
ing, Cincinnati,  Jan.  13-18. 

Automotive  Engineering  Congress  and 
Exposition,  Society  of  Automotive  En- 

gineers, Cobo  Hall,  Detroit,  Jan.  14-18. 
Ninth  Annual  American  Astronautical  So- 

ciety Meeting,  Statler  Hilton  Hotel. 
Los  Angeles,  Jan.  15-17. 

31st  Annual  Meeting,  Institute  of  the 
Aerospace  Sciences,  Hotel  Astor,  New 
York  City,  Jan.  21-23. 

43rd  Annual  Meeting,  American  Meteoro- 
logical Society,  New  York  City,  Jan. 

21-24. 
Ninth  National  Symposium  on  Reliability 

and  Quality  Control,  Sheraton-Palace 
Hotel,  San  Francisco,  Jan.  22-24. 

Fifth  Annual  Army  Aviation  Contract 
Services  Symposium,  sponsored  by  Na- 

tional Aeronautical  Services  Assn., 
International  Inn,  Washington.  D.C., 
Jan.  28. 

Fourth  Annual  Solid-Propellant  Rocket 
Conference,  American  Rocket  Society, 
Bellevue  Stratford  Hotel  and  the  Frank- 

lin Institute,  Philadelphia,  Jan.  30- 
Feb.  1. 

FEBRUARY 
Symposium  on  Engineering  for  Major 

Scientific  Programs,  Georgia  Institute 
of  Technology,  Atlanta,  Ga.,  Feb.  5-6. 

Electronic  Sales-Marketing  Assn.,  First 
Annual  Convention,  Americana  Hotel, 
New  York  City,  Feb.  11-13. 
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Third  International  Symposium  on  Quan- 
tum Electronics,  sponsored  by  Inter- 

national Scientific  Radio  Union,  Office 
of  Naval  Research  and  La  Federation 
Nationale  des  Industries  Electroniques; 
UNESCO  Building,  Paris,  Feb.  11-15. 

Space  Vehicle  Thermal  and  Atmosphere 
Control  Symposium,  sponsored  by 
Aeronautical  System  Div.'s  Flight  Ac- 

cessories Laboratory,  Engineers  Club, 
Dayton,  Ohio,  Feb.  12-13. 

1963  International  Solid  State  Circuits 
Conference,  sponsored  by  IRE,  AJJ5E 
and  University  of  Pennsylvania,  Phila- 

delphia, Feb.  20-22. 
MARCH 

1963  Microminiaturization  Congress,  Shera- 
ton Hotel,  Philadelphia,  March  5-7. 

Propulsion  Meeting,  Institute  of  the  Aero- 
space Sciences,  Cleveland,  March  7-8. 

Chemical  Engineering  in  Space  Tech- 
nology Symposium,  sponsored  by  the 

American  Institute  of  Chemical  En- 
gineers, New  Orleans,  March  10-13. 

Electric  Propulsion  Conference,  sponsored 
by  the  American  Rocket  Society, 
Broadmoor  Hotel,  Colorado  Springs, 
Colo.,  March  11-13. 

Space  Flight  Testing  Conference,  spon- 
sored by  the  American  Rocket  So- 
ciety, and  Institute  of  the  Aerospace 

Sciences,  Cocoa  Beach,  Fla.,  March 
18-20. 

1963  Western  Metal  Exposition  and  Con- 
gress, Pan  Pacific  Auditorium  and 

Ambassador  Hotel,  Los  Angeles,  March 
18-21. 

Second  Symposium  on  Bionics,  sponsored 
by  the  Air  Force,  Biltmore  Hotel, 
Dayton,  Ohio,  March  19-21. 

Institute  of  Radio  Engineers  International 
Convention,  Waldorf-Astoria  Hotel  and 
New  York  Coliseum,  New  York  City, 
March  25-28. 

APRIL 
Fourth  Annual  Structures  and  Materials 

Conference,  American  Rocket  Society 
and  Institute  of  the  Aerospace  Sciences, 
El  Mirado  Hotel,  Palm  Springs,  Calif., 

Apr.  1-3. Fourth  Symposium  on  Engineering  Aspects 
of  Magnetohydrodynamics,  University 
of  California,  Berkeley,  Apr.  10-11. 

Hypersonic  Ramjets  Conference,  Ameri- 
can Rocket  Society  and  American  So- 

ciety of  Mechanical  Engineers,  Naval 
Ordnance  Laboratory,  White  Oak,  Md., 
Apr.  15-17. Symposium  on  Thin  Films  for  Electronic 
Application,  sponsored  by  the  Electro- 

chemical Society,  Pittsburgh,  Apr.  15- 
18. 

International  Nonlinear  Magnetics  Con- 
ference, sponsored  by  the  AIEE  and 

IRE,  Shoreham  Hotel,  Washington, 
D.  C,  Apr.  17-19. Institute  of  Environmental  Sciences  1963 
Technical  Meeting  and  Equipment  Ex- 

position, Statler  Hilton  Hotel,  Los  An- 
geles, Apr.  17-19. Southwestern  Conference  and  Electronic 

Show,  IRE,  Dallas  Memorial  Audito- 
rium, Dallas,  Tex.,  Apr.  17-19. 
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editorial . . . 

A  Stag  at  Bay 

ONE  OF  THE  MOST  incredible  dialogues  be- 
tween industry  and  government  ever  to  go  on 

the  record  was  a  prelude  to  last  week's  strike  decision 
at  Lockheed  Aircraft  Corp.  (see  p.  9). 

We  propose  to  examine  it  here  at  some  length, 
first  because  the  Administration's  shocking  misuse  of 
its  powers  should  be  fully  recorded,  and  second, 
there  are  some  harsh  lessons  in  it  for  this  industry. 

It  is  plain  that  President  Kennedy  and  his  staff 
decided  to  keelhaul  Lockheed  in  open  view  as  an 
object  lesson  to  the  remainder  of  the  business 
community. 

The  fact  that  this  was  done  to  support  a  stand 
which  already  had  been  rejected  by  both  business 
and  labor — and  we  mean  labor,  not  labor  manage- 

ment— made  it  even  more  shocking. 
First,  let's  look  at  the  background. 
A  Presidential  Board  headed  by  Dr.  George  W. 

Taylor  was  named  by  Mr.  Kennedy  on  July  21  to  act 
in  labor  negotiations  which  included  North  Ameri- 

can Aviation,  Ryan  Aeronautical,  General  Dynam- ics/Convair  and  Lockheed. 
Dr.  Taylor  is  a  professor  of  labor  relations  at 

the  University  of  Pennsylvania.  But  he  prefers  to 
think  of  himself  primarily  as  an  arbitrator,  a  field 
in  which  he  has  been  active  for  many  years.  He  has 
written  or  edited  several  books  on  labor  relations 
and  served,  among  other  things,  on  the  Presidential 
Board  which  inquired  into  the  1959-1960  steel 
dispute. 

On  the  issue  of  union  membership,  the  Taylor 
Board  recommended  a  vote  of  company  employees. 
There  was  not,  and  it  is  important  to  remember  this, 
a  single  one  of  the  companies  which  was  in  favor 
of  such  a  procedure. 

Strong  pressure — including  a  scathing  attack  by 
the  President  himself — was  brought  to  bear.  With 
the  exception  of  Lockheed,  all  the  companies 
knuckled  under  to  the  demand  for  a  vote. 

Provision  for  this  vote  was  made  a  part  of  the 
new  contracts.  In  rapid  succession,  workers  at  North 
American,  Convair  and  Ryan  voted  it  down.  This 
also  is  important  to  remember. 

In  a  similar  situation,  Boeing  Co.  went  along 
with  plans  for  a  vote  by  its  employees  but  refused 
to  make  this  part  of  a  new  contract  or  be  bound  by 
the  result.  Boeing  made  it  clear  that  it  was  against 
such  a  vote.  Remember  that,  also. 

Lockheed  alone  refused  to  put  the  matter  to  a 
vote,  despite  the  fact  that  the  President  pointedly  had 
called  attention  to  the  dependence  of  the  industry  on 
defense  contracts.  President  Kennedy,  the  company 
pointed  out,  was  by-passing  the  proper  routes  estab- 

lished by  Congress  for  labor  settlement. 

That  is  the  background.  Then,  on  November  17, 
came  one  of  the  most  amazing  documents  ever  issued 
by  the  Pentagon.  It  was  an  official  Dept.  of  Defense 
news  release.  It  noted  that  the  other  members  of  the 
industry  had  accepted  the  recommendations  of  the 
Taylor  Board,  as  had  the  unions.  Then  it  stated: 

"Lockheed  stands  alone  in  refusing  to  follow  the 
course  that  the  other  members  of  the  industry  con- 

sidered reasonable.  The  President  in  his  press  con- 
ference on  September  13  pointed  out,  following  ac- 

ceptance of  the  Taylor  Board  proposals  by  the  unions 
involved,  that  the  responsibility  for  any  strike  that 
might  take  place  in  this  industry  would  be  clear  to 
the  American  people." The  release  then  noted  that  DOD  was  consider- 

ing alternate  means  of  production  in  the  event  of  a 
work  stoppage  at  Lockheed. 

The  Administration  had  quite  brazenly  bared  its 
willingness  to  use  government  contracting  powers  to 
force  its  demands  on  Lockheed.  In  addition,  it  was 
not  above  distorting  the  facts.  The  other  members 
of  the  industry  did  not  consider  the  vote  reasonable — 
and  had  made  that  clear.  They  bowed  to  it  under 

pressure. 

IN  A  FULL-PAGE  newspaper  advertisement  on 
November  21,  Lockheed  clearly  stated  its  reasons 

for  refusing  to  go  along  with  the  proposed  election: 
"We  believe  that  every  employee  should  have  the 

freedom  to  join  or  not  to  join  a  union,  as  he  sees  fit. 
We  believe  this  is  a  basic  American  freedom — like 
freedom  of  worship  and  freedom  of  speech  and 
freedom  to  take  a  new  job  or  move  to  a  new  com- 

munity— that  must  not  be  voted  away." 
The  statement  was  signed  by  chairman  Courtlandt 

S.  Gross  and  president  Daniel  J.  Haughton. 
On  November  23,  a  DOD  spokesman  swung 

another  blow.  No  new  Defense  Dept.  contracts  would 
go  to  any  Lockheed  division  without  approval  at  the 
highest  level.  Specific  contract  approval  would  be 
required,  at  the  very  least,  from  the  secretaries  of 
the  Army,  Navy  and  Air  Force. 

Lockheed,  standing  alone,  was  being  battered 
with  every  weapon.  President  Kennedy's  object  lesson 
to  business  was  being  made  clear:  "This,  gentlemen, 
is  what  happens  when  you  oppose  us." 

But,  whatever  happens  to  Lockheed,  we  hope 
the  industry  has  learned  another  lesson  as  old  as 
the  Republic:  "United  we  stand,  divided  we  fall." 

What,  we  wonder,  would  have  happened  if  all  the 
companies  had  shown  Lockheed's  fighting  courage on  this  issue? 

William  J.  Coughlin 
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preamplifiers  receivers  demodulators 

. . .  first  the  Children . . .  now  the  Father 

Can  you  imagine  one  basic  receiver  for  standard  telemetry,  space  telemetry,  Doppler, 
tracking,  monopulse  tracking,  space  diversity,  satellite  communications,  deep  space  probes, 
TV  links,  and  microwave  telemetry.  Now  there  is  one!  The  Nems-Clarke  1037  Receiver . .  . 
the  biggest  technological  step  the  industry  has  ever  taken,  made  by  Vitro  Electronics. 

Historically,  Nems-Clarke  products  have  served  the  military,  and  they  have  been  used 
in  every  major  space  project.  To  this  backlog  of  engineering  experience,  Vitro  Corporation 
added  a  team  of  research  mathematicians  from  its  West  Orange  Laboratories.  This  combi- 

nation of  divisional  capabilities  developed  the  new  modular  receiver  concept  of  the  1037. 

Again,  the  varied  divisional  capabilities  of  the  Vitro  Corporation  have  worked  together  to 
find  better  ways  that  cost  less.  This  application  means  progress  in  space  communications. 

VITRO    CORPORATION    OF   AMERICA   •    261   MADISON  AVENUE    •    NEW  YORK  16,  NEW 
Circle  No.  9  on  Subscriber  Service  Card 



EXCLUSIVE  GROVE  PUSH-BUTTON 
REDUCING  &  RELIEF  REGULATOR 
Touch  the  load  button,  reference  pressure  goes  up;  hit 
the  vent  button,  pressure  reduces!  Instant-action  Grove 
model  18  Reducing  &  Relief  Regulator  is  ideally  suited 
for  statically  loading  air  dome  regulators.  Manual 
push-button  model  18  is  designed  for  panel  mounting. 
Solenoid  operated  model  17  is  for  remote  electrical 
actuation.  6500#  maximum  inlet  pressure,  adjustable 
to  maximum  of  6000#  on  the  control  side.  Body  and 
dome  are  made  of  anodized  aluminum.  Trim  is  18-8 
CRS.  Main  diaphragm  and  relief  diaphragm,  nitrile 

rubber.  All  nylon  valves.  End  connections  h"  AND 
10050-4  or  to  suit  your  needs.  Write  for  data  now. 

New  rapid  load  and  vent  loader  for  aerospac< 

Circle  No    10  on 
Subscriber  Service  Card 

WALWORTH  -  GROVE  -AL0YC0 
sa/es  division  of  Walworth  Company 
6529  Hollis  Street,  Oakland  8,  Calif. 
Offices  and  distributors  throughout  the  world 





For  a  complimentary  reprint  of  this  Artzybasheff  illustration,  write:  Avco,  Dept.  MR2,  750  Third  Avenue,  New  York  17,  N.Y. 

Centuries  of  history  teach  the  importance  of  military  mobility.  And  today  Avco  capa- 

bilities help  provide  it.  Superstrong  honeycomb  structures  for  logistics  aircraft— re- 

liable engines  for  battlefield  helicopters,  aircraft,  and  drones  — high-speed  amphibious 

hydrofoil  vehicles  — advanced  ordnance  — push-button  combat  communications.  These 

are  important  Avco  contributions  to  today's  vital  mobility  for  defense. 

UNUSUAL  CAREER  OPPORTUNITIES  FOR  QUALIFIED  SCIENTISTS  AND  ENGINEERS  .  .  .  REGARDLESS  OF  RACE.  CREED, 
COLOR.  OR  NATIONAL  ORIGIN  ..  .  WRITE  AVCO  TODAY.  AVCO  CORPORATION,  750  THIRD  AVE.,  NEW  YORK  17,  N.Y.  t 



ENGINEERS  •  SCIENTISTS  •  JOIN  US  IN  GIVING  A  NEW  DIRECTION  TO  AEROSPACE  TECHNOLOGY 

CIRCUMLUNAR  HYDRAULICS 

Operative  On  Both  The  Hot  And  Cold  Sides  Of  Earth's  Largest  Satellite 

Space  &  re-entry  fluid  Systems  -  Only  one  of  the  Critical  Aerospace 
Areas  for  which  REPUBLIC'S  PAUL  MOORE  RESEARCH  CENTER  has  R&D  Contracts 
To  actuate  airlock  ports,  meteoroid  shields  and  docking  devices  of  space  vehicles  —  as  well  as  the  variable  lift  surfaces  of  pilot- 
controlled  re-entry  vehicles  — wholly  new  parameters  in  fluid  and  pneumatic  systems  must  be  met.  At  Republic's  Paul  Moore Research  Center,  scientists  and  engineers  are  developing  exotic  fluids,  seals,  valves  and  servos  capable  of  indefinite  operation 
in  space  under  high  vacuum,  from  cryogenic  temperatures  to  1200  F,  and  subject  to  heavy  radiation.  Representative  of 
progress  in  this  program  is  the  first  successful  continuous  test  of  a  fluid  at  1000  F.  Basic  to  advances  such  as  this  is  the 
Center's  stature  as  one  of  the  most  sophisticated  and  advanced  research  complexes  in  the  East.  From  this  rich  research 
environment  are  coming  an  increasing  number  of  other  achievements  in  virtually  all  aspects  of  space  science  and  tech- 

nology from  Plasma  Physics  to  Biometry. 
EXAMPLES  OF  AEROSPACE  R&D  PROGRAMS  AT  REPUBLIC 
Re-Entry  Test  Vehicles  for  advanced  space  programs  /  Thermal  Protection  Studies  /  Spacecraft  Tracking  Concepts  (Re-Entry  Period)  / 
Hydraulic  &  Pneumatic  Systems  (Re-Entry  &  Space  Voyages)  /  Life  Support  Systems  /  Guidance  for  Orbital  Rendezvous  /  Full  Scale 
Plasma-Pinch  Engine  for  Space  Propulsion  /  AEROS  Study  —  Meteorological  Satellites  (in  plane  or  equator)  /  Advanced  Orbiting  Solar 
Observatory  /  Hydrospace  Projects  /  Space  Radiation  Studies  /  CO2  Adsorption  Research  /  Magnetic  Induction  Gyro  /  Antennas  (minia- 

turization) /  Spark  Chamber  Spectrometer. 
IMPORTANT  POSITIONS  OPEN 
Astrodynamics  (mission  analysis,  satellite  maneuverability,  guidance  system  criteria  for  earth  satellites,  lunar  projects)  /  Structural 
Research  (elastic  &  inelastic)  /  Structural  Computer  Analysis  /  Stress  Analysis  /  Hypersonic  Gas-dynamics  Research  /  Re-Entry  & 
Satellite  Heat  Transfer  Analysis  /  Design  Criteria  (hypersonic  re-entry  vehicles)  /  Thermal  Protection  Research  /  Hypersonic  Wind 
Tunnel  Investigations  /  Space  Environmental  Controls  D  &  D  /  Space  Propulsion  and  Power  Systems  /  Cryogenic  Research  (liquid 
hydrogen)  /  Antenna  Design  (re-entry  vehicles)  /  Life  Sciences  (systems)  /  Physical  Sciences  /  Space  Electronics  (telemetry,  com- 

munications, guidance,  tracking,  ECM,  ASGSE,  data  handling)  /  Magnetic  Resonance  Gyro  Development  /  Electromagnetic  Theory  / 
Weapon  Systems  Analysis. 
Interested  applicants  are  invited  to  write  in  confidence  to  Mr.  George  R.  Hickman,  Professional  Employment  Manjger,  Dept.  4M-2 
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Beech  helps  space  vehicles  get  better  mileage 

by  turning  "hot"  fuel  into  icy  slush 

S/ush  hydrogen  experiment  shows  vital  facet  of 

Beech's  comprehensive  systems  management  capability 

At  the  heart  of  this  experiment  at  Beech's  Boulder, 
Colorado,  space  center  are  three  double-walled  vac- 

uum jars,  each  inside  the  other.  Inside  the  inner  jar 
is  liquid  hydrogen,  while  the  center  jar  contains  liquid 
helium.  The  outer  jar  is  filled  with  liquid  nitrogen. 
The  idea  is  to  further  reduce  hydrogen  temperature 
until  it  turns  to  icy  slush. 

The  purpose  of  this  experiment  is  to  explore  the 
feasibility  of  reducing  hydrogen  volume  in  order  to 
increase  space  vehicle  fuel  loads  without  increasing 
tankage  size  or  weight. 

Applied  research  projects  like  this  are  common  at 

Beech.  In  the  past  they  have  included  valuable  work 
on  cryogenic  problems,  space  environment,  and 
countless  other  projects  that  have  measurably  ad- 

vanced the  state  of  the  art. 
Basic  research  and  development  is  but  one  of  an 

ever-expanding  group  of  Beech  space-age  capabilities. 
Within  the  last  year  alone,  the  size  and  function  of 
Beech  space  facilities  has  more  than  doubled.  This 
constantly  expanding  capability  complex,  coupled 
with  a  highly  trained  and  experienced  staff,  makes 
Beech  a  natural  choice  for  systems  management 
projects.  Besides  the  experiment  shown  here  .  .  . 



Other  Beech  Capabilities  In  Systems  Management  Include: 

HOW  may  We  help  you?  To  discover  how  the 
unique  facilities  and  expert  personnel  of  Beech  can 
be  quickly  and  efficiently  put  to  work  on  your  proj- 

ect, write,  wire,  or  phone  Contract  Administrator, 

Aerospace  Division,  Beech  Aircraft  Corporation, 
Wichita  1,  Kansas.  Beech  stands  ready  and  eager  to 
accept  complete  systems  management  responsibility 
for  your  project  right  now. 

BEECH  AIRCRAFT  CORPORATION   •  WICHITA  1,  KANSAS 

HELPING  BUSINESS  GROW  FASTER:  Only  Beechcraft  offers  such  a  com- 
plete line  of  planes  with  so  much  speed,  range,  comfort  and  quiet  to  help 

business  multiply  the  money-making  decisions  that  each  top  man  can 
make.  That's  how  thousands  of  Beechcrafts  have  paid  for  themselves. 

Executives:  Write  today  for:  □  "Dollars  and  Sense  of 
Business  Flying."  □  Beech  Financing  and  Leasing 
plans.  □  New  illustrated  folders  on  business- 
designed  Beechcraft.  Address  Public  Relations  Dept., 
Beech  Aircraft  Corp.,  Wichita  1,  Kansas,  U.S.A. 



Looking  for 

Total 

Explosive 

Device 

Capability 

? 

Contact  Beckman  &  Whitley,  the 
only  company  staffed  and  equipped 
to  handle  every  aspect  of  your 
explosive  device  problem  —  from 
idea  to  hardware. 
Scientists  and  engineers  here  have 
researched,  designed,  developed, 
qualified  and  brought  into 
production  many  explosive 
actuated  devices  which  have  set 
new  performance  standards  for  the 
industry. 
In  addition  to  the  finest  equipment 
for  explosive  pressing,  casting 
and  machining,  Beckman  &  Whitley 
is  the  only  explosive  device 
manufacturer  with  both  electronic 
and  ultra-high-speed 
photoinstrumentation  for  the  study 
of  explosive  phenomena  occurring 
in  times  from  milliseconds  to 
nanoseconds.  Pressures,  velocities, 
function  times,  firing  energy  levels 
and  related  transient  processes 
are  continuously  researched  to 
develop  new  devices  that  will 
perform  specific  tasks  with 
greater  efficiency  and  reliability. 
Beckman  &  Whitley  explosive 
actuated  devices  and  systems  are 
now  reliably  at  work  on  more 
than  30  different  missiles,  on 
aircraft,  space  vehicles  and 
undersea  equipment. 
For  information  on  how  Beckman 
&  Whitley  can  assist  you,  contact 
James  Hagenbaugh,  Special 
Products  Sales  Manager. 

a  subsidiary  of  Technical  Operations,  Inc. 
SAN  CARLOS.  CALIFORNIA 
591-8241  Code  415 

letters 

Lockheed's  Struggle 
To  the  Editor: 

Congratulations  on  your  Dec.  3  edi- 
torial, "A  Stag  at  Bay." 

While  our  organization  does  not  di- 
rectly have  to  face  a  problem  similar  to 

that  of  Lockheed,  North  American,  Boe- 
ing and  others,  the  basic  issue  is  such  a 

fundamental  one  to  our  freedom  and  the 
American  concept  of  self-determination,  I 
felt  compelled  to  drop  you  this  brief  letter. 

The  use  of  such  pressures  by  the  Ad- 
ministration is  contrary  to  the  spirit  and 

intent  of  Government  and  contrary  to  the 
law  of  the  land  and  the  Constitution. 

Fortunately  Lockheed  is  so  involved 
in  DOD  contracts  that  cancellation  or 
even  threatened  "no  more  business"  would 
cost  the  taxpayer  so  many  millions,  I 
doubt  that  even  Kennedy  would  try  it. 

Keep  speaking  your  piece! 
David  Early 
Secretary-Treasurer 
International  Avionics,  Ltd. 
Washington,  D.  C. 

Second  NASA  Issue 

To  the  Editor: 
We  are  very  much  interested  in  your 

second  annual  issue  devoted  to  the  Na- 
tional Aeronautics  and  Space  Administra- 

tion. We  are  ordering  150  copies.  They 
will  be  sent  to  our  offices  in  foreign  coun- 

tries for  use  in  the  information  program. 
Since  many  of  our  offices  may  want  to 
reprint  material  from  the  issue  and  give 
it  to  foreign  editors  for  use  in  the  local 
press  in  other  countries,  may  we  have 
blanket  permission  for  republication  of 
textual  material  relating  to  NASA  (in  Eng- 

lish and  in  translation)  by  all  U.S.  Infor- 
mation Service  offices  and  the  local  press 

outside  the  United  States  and  Canada? 
Credit,  of  course,  will  be  given  to  Missiles 
and  Rockets. 

Garrett  K.  Sias,  Chief 
News  and  Features  Branch 
Press  and  Publications  Service 
U.S.  Information  Service 
Washington,  D.  C. 

Permission  granted. — Ed. 

The  Ethics  of  Fame  (cont'd) 
To  the  Editor: 

May  I  submit  that  your  editorial  is  un- 
justly severe  with  the  astronauts.  It  is  also 

somewhat  contradictory.  For  example:  if 
there  is  nothing  intrinsically  wrong  in 
selling  an  article  to  a  magazine,  then 
please  help  the  misguided  astronauts  by 
suggesting  how  the  half-a-million  dollars 
should  have  been  (obtained)  in  a  more ethical  manner. 

You  are  pointing  vaguely  at  the  true 
cause  of  these  actions,  that  you  find  so 
repugnant,  namely  the  complete  and  dev- 

astating disregard  by  the  fourth  estate  for 
the  privacy  of  the  individual.    But  you 

fail  to  criticize  fully  the  fact  that  the  press 
very  often  demands  to  know  all  the  inti- 

mate details  about  the  family  life  of  a 
person  in  the  public  spotlight.  I  can  easily 
imagine  the  self-righteous  cries  of  the  re- 

porters that  "the  public  has  a  right  to 
know,"  if  one  of  the  seven  had  tried  to 
shield  his  private  life  from  the  glare  of 
publicity. 

"Mental  cruelty"  is  a  tremendously 
overworked  label,  but  it  is  a  very  proper 
description  of  the  treatment  of  the  parents 
and  immediate  families  of  Glenn,  Car- 

penter and  Schirra.  What  chance  was 
there  for  them  to  escape  the  siege  of  their 
homes  by  an  army  of  reporters  and  TV 
trucks?  They  did  not  have  to  mobilize 
great  resources  of  courage,  they  just  had 
to  watch  in  the  agony  of  helplessness  and 
inactivity  and  then  immediately  face  the 
reporters  armed  with  microphones  and 
cameras  to  expose  their  innermost  feel- 

ings. I  sincerely  hope  that  the  financial 
rewards  rub  off  on  them.  .  .  . 

As  for  the  loss  of  The  Ethics  of  Fame, 
that  occurred  a  long  time  ago  through  the 
actions  of  the  Great  American  Press 
and  the  consent  of  the  Great  American 
Mob.  .  .  . 

Finally,  may  I  also  suggest  that  the 
situation  faced  by  the  astronaut  is  not 
quite  similar  to  that  of  a  soldier  or  a 
combat  pilot  as  far  as  personal  courage 
is  concerned.  The  combat  pilot  usually 
is  the  complete  master  of  a  machine  with 
which  he  himself  has  obtained  some  oper- 

ational training  and  the  perils  he  has  to 
face  can  easily  be  imagined.  But  the  astro- 

naut, after  having  overcome  the  basic  fear 
of  something  almost  entirely  unknown, 
then  has  to  submit  to  a  machine  over 
which  he  has  very  limited  control.  .  .  . 

Sture  Folkesen 
Bellevue,  Wash. 

To  the  Editor: 
Your  editorial  came  as  a  thought- 

provoking  surprise. 

I  cannot  agree  that  to  "cash  in"  on fame  is  to  be  decried.  If  the  financial 
rewards  can  be  had  without  specific  detri- 

ment to  others,  has  a  wrong  been  done? 
To  be  sure,  the  selflessness  of  the  man 

who  can  turn  down  the  gifts  of  an  ad- 
miring populace  is  to  be  praised.  But  this 

is  a  man  head  and  shoulders  above  the 
crowd,  one  who  was  not  singled  out  by 
man-conceived  tests  but  by  fate. 

To  my  knowledge,  the  claim  has  not 
been  made  that  the  astronauts  are  excep- 

tional. They  are  select,  they  have  had 
unique  training  .  .  .  but  are  they  heroes? 
Can  men  select  or  make  heroes? 

The  astronauts  have  a  job.  They  per- 
form the  job  for  which  they  have  been 

trained.  They  are  not  the  only  ones 
capable,  nor  the  only  volunteers.  They 
are  those  lucky  enough  to  have  been  given 
the  opportunity.  It  is  the  public  and  the 
mass  media  who  have  glorified  space.  It 
is  the  comparison  of  the  first  space  flights 
to  the  explorations  of  Columbus  and 
Magellan  that  has  added  the  aura  of 
romance.  It  is  the  deplorable  American 
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drive  to  associate  either  physically  or  men- 
tally with  the  celebrities  that  has  generated 

the  financial  sacrifice  which  even  gods 
with  feet  of  gold  accept. 

Reader  Bross's  rationalization  (Letters, 
M/R,  Nov.  26,  p.  7)  that  what  Columbus 
did  is  correct  for  all  justifies  nothing. 
Similar  reasoning,  that  history  leads  the 
way,  will  never  assist  our  astronauts  in 
usurping  the  throne  of  Selene. 

John  W.  Juechter,  Jr. 
N.  Wilbraham,  Mass. 

To  the  Editor: 

Just  how  ethical  "The  Ethics  of  Fame" 
should  be  judged  as  an  individual  public 
expostulation  is  a  matter  of  opinion,  but 
there  can  be  little  doubt  of  its  merit  on 
the  rebound.  The  candid  but  aptly  re- 

strained comments  of  Bross,  Monroe  and 
Wooddell  in  the  Nov.  26  Letters  column 
have  probably  warmed  the  hearts  of  more 
readers  than  the  Editor  reaches  during  the 
entire  battle  for  a  budget.  It  is  to  be  hoped 
that  the  astronauts  themselves  have  wisely 
held  their  counsel  during  the  contentious 
exchange. 

P.  L.  High 
State  College.  Pa. 

The  LEM  Competition 
To  the  Editor: 

Just  how  much  politics  did  enter  into 
the  selection  of  a  contractor  for  the  Lunar 
Excursion  Module? 

First,  President  Kennedy  stated  that  he 
was  going  to  spread  the  space  work  around 
the  country.  This  is  fine,  but  let's  not  jeop- 

ardize the  space  race  for  so-called  eco- 
nomic reasons  in  some  part  of  this  country 

(or  maybe  they  are  campaign  promises). 
I  doubt  if  any  part  of  this  country  is  that 
weak  economically. 

Second,  I  quote  verbatim  the  follow- 
ing item  from  M/R,  July  16,  p.  9: 
"Industry  reports  that  NASA  has  ruled 

against  award  of  the  two-man  lunar  shuttle 
vehicle  contract  to  any  West  Coast  firm 
are  denied  by  the  space  agency.  Proposals 
will  be  asked  from  all  areas  of  the  coun- 

try, according  to  NASA  officials.  Despite 
this,  contract  is  expected  to  go  to  an  East 
Coast  company." 

Third,  there  was  another,  similar  re- 
mark made  around  this  time  in  either 

Aviation  Week  or  Missiles  and  Rockets, 
but  I  must  admit  I  could  not  find  it  in 
going  back  over  some  of  my  past  issues. 

Thus,  was  the  LEM  contract  "fixed" 
before  proposals  went  out,  or  was  it  a 
coincidence  that  an  East  Coast  firm  did 
get  the  contract?  If  the  former  is  true,  this 
method  of  selecting  contractors  for  space 
work  is  bound  to  lessen  the  competitive 
spirit  of  the  engineers  working  on  these 
particular  proposals. 

I  agree,  the  above  is  not  strong  evi- 
dence that  this  contract  was  "fixed,"  but 

the  evidence  is  strong  enough  to  make  me 
wonder. 

Larry  L.  Lakamp 
Los  Angeles,  Calif. 

Grumman  Aircraft  Engineering  Corpo- 
ration was  reported  to  be  first  in  the  LEM 

technical  competition. — Ed. 
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Achievement,  a  tangible  demonstration  of  scientific  capability,  is 
readily  apparent  at  ION  PHYSICS  CORPORATION. 
One  example,  shown  above,  is  the  150  watt  electrostatic  generator  — 
developed  by  I  P  C  scientists.  This  machine,  spinning  in  high  vacuum, 
confirmed  the  theory  of  variable  capacitance  machines.  At  present,  a 
1  KW  electrostatic  machine  is  being  tested  at  10,000  rpm,  again 
spinning  in  high  vacuum.  A  5  KW  machine  is  in  an  advanced  state 
of  design.  Vacuum  electrostatic  generation  concepts  are  aimed  at 
the  development  of  compact  power  converters  for  space  applications. 
In  addition  to  electric  field  studies  dealing  with  space  environment, 
company-sponsored  research  has  lead  to  many  developments  in  the 
areas  of  particle  accelerator  technology,  ion  source  development, 
and  the  production  of  solid-state  devices  employing  advanced  ion implantation. 

ELECTRICAL  ENGINEERS 
Experienced  in  the  areas  of  control  circuits,  high  speed  rotary  equip- 

ment, vacuum  and  environmental  test,  and  component  optimization 
of  power  systems  in  a  space  environment. 

SYSTEMS  ENGINEERS 
Experienced  in  the  areas  of  control  systems  and  component  integra- 

tion, for  space  environment. 

MECHANICAL  ENGINEERS 
Experienced  in  the  areas  of  analysis  and  design  of  component  opti- 

mization for  space  environment,  high  speed  rotary  equipment  and 
vacuum  and  environmental  test. 

PHYSICISTS 
For  investigation  of  ion  generation  devices  and  experimental  pro- 

grams relating  to  charged  and  neutral  beam  development  studies  for 
space  application. 
For  a  confidential  discussion  of  our  current  openings,  please  write: 
Louis  J.  Ennis         P.  0.  Box  98         Burlington,  Massachusetts 

ion  physics-      ion  PHYSICS  CORPORATION (Formerly  Goodrich-High  Voltage  Astronautics) 

A  subsidiary  of  High  Voltage  Engineering  Corporation,  Burlington,  Massachusetts 
An  equal  opportunity  employer 
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EARTHBORNE  INSTRUMENTATION 

Precision  telemetering  and  tracking  need  precision  instrumentation. 
Sperry  has  the  capability  and  experience  in  instrumentation  to 
meet  the  need. 

Sperry  has  system  responsibility  tor  the  ARIS  (Advanced  Range 
Instrumentation  Ships)  program  —  seagoing  tracking  stations  to 
collect  accurate  terminal  trajectory  and  re-entry  data  — a  project 
incorporating  every  advanced  technique  in  data  handling,  radar,  tele- 

metry, navigation  and  associated  technologies.  In  space  vehicle 
tracking,  Sperry  has  the  best  background  going  — with  radar  and 
associated  interface  experience  from  the  minuscule  (PPS-4)  to 
the  mighty  (FPS-35)  —  plus  creative  capability  in  data  control, 
both  analog  and  digital,  weapon  direction  equipment  (Talos  WDE) 
and  other  areas. 

Most  important,  Sperry  offers  the  ability  successfully  to  tie 
together  many  diverse  technological  efforts  into  a  reliable  system 
—  one  that  does  the  job  consistently  and  does  it  well. 

SPERBV  —
 —
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The  Countdown 

WASHINGTON 

DOD  Briefed  on  Military  Space  Programs 
Top-level  Dept.  of  Defense  brass  received  an  Air 

Force  technical  briefing  last  week  on  current  military 
space  programs,  including  SAMOS,  MIDAS  and  SAINT. 
The  session  was  not  a  budget  review. 

Army  Seeking  Geodetic  Satellite 
Army  Corps  of  Engineers  at  Fort  Belvoir,  Va.,  is  now 

evaluating  proposals  from  industry  for  a  geodetic  satel- 
lite to  be  compatible  with  the  Army's  radio-ranging 

SECOR  unit.  SECOR  currently  is  one  of  the  three  sys- 
tems aboard  the  ANNA  satellite.  The  proposal  requests 

called  for  delivery  of  a  satellite  vehicle  by  next  Feb.  1. 

AF  Ready  to  Ask  Big  Solids  Bids 
Dept.  of  Defense  is  expected  to  select  as  many  as 

four  contractors  for  its  big  solid  motor  program.  Requests 
for  proposals  have  been  completed  by  Air  Force  and 
are  to  be  issued  this  month.  Firms  will  be  allowed  six 
to  eight  weeks  to  prepare  proposals.  The  2'/2-to-3-year 
program  calls  for  development  and  test  of  both  half- 
length  and  full-length  260-in.  motors. 

NASA  Biomed  Program  Up  for  Approval 

The  space  agency's  BIOS  program,  which  calls  for 
launch  of  chimpanzees  and  other  forms  of  life  for  ex- 

tended periods,  now  is  in  the  office  of  Associate  Admin- 
istrator Robert  C.  Seamans  for  approval.  NASA's  cur- 

rent budget  squeeze  could  force  some  delay — although 
an  okay  is  expected. 

Thumbs  Up  for  Troubled  Ranger 

The  special  committee  studying  NASA's  Ranger  pro- 
gram has  given  it  a  vote  of  confidence.  The  group  sub- 

mitted its  report  last  week  to  the  Office  of  Space  Sciences. 
The  committee  was  set  up  after  five  straight  failures  in 
the  Moon  shot  program.  Among  its  recommendations: 
certain  minor  design  changes,  together  with  steps  to 
achieve  better  reliability  and  control.  This  probably  means 
a  short  delay  in  the  Ranger  VI  launch,  now  set  for  the 
first  quarter  of  next  year. 

Missile  Programs  Move  Ahead 
Two  big  U.S.  missile  programs  currently  are  taking 

a  giant  step  forward.  The  first  Wing  I  Minuteman  base 
at  Malmstrom  AFB,  Mont.,  becomes  operational  this 
week.  And  at  Davis-Monthan  AFB,  Ariz.,  the  first  Titan 
II  has  been  mated  with  its  silo  less  than  nine  months 
after  its  first  test  firing  at  Cape  Canaveral. 

NASA  to  Ask  New  DSIF  Antenna  Bids 

New  bids  will  be  requested  by  NASA  for  three  210-ft. 
antennas.  The  space  agency  was  not  satisfied  with  original 
bids  submitted  on  the  development  contract  for  antennas 
at  its  Deep  Space  Instrumentation  Facility  tracking  sta- 

tions. Specifications  have  been  reworked.  New  bids  will 
be  requested  by  early  1963.  First  antenna  is  to  be  built 
at  ths  Goldstone,  Calif.,  station. 

Army  !s  Studying  Derringer  Missile 
A  small,  multi-purpose,  solid-fuel  missile  which  could 

be  fired  from  aircraft,  ground  vehicles  or  on  foot  against 
both  airborne  and  ground  targets  is  under  study  by  the 
Army.  Called  Derringer,  the  weapon  is  expected  to  be 
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simple  enough  to  be  handled  as  a  conventional  round  of 
ammunition. 

ADC  Wants  Space  Weapons  System 
Air  Defense  Command  now  is  making  it  clear  it  ulti- 

mately favors  area  defense  weapons,  as  opposed  to  point 
defense  systems  like  Nike-Zeus.  This  requires  interception 
closer  to  the  launch  site  than  to  the  target.  Maj.  Gen. 
Arthur  C.  Agan,  ADC  planning  chief,  pointedly  notes 
that  a  spaceborne  weapons  platform  is  the  only  feasible 
system  for  this  purpose. 

Cold  Spell  on  Pennsylvania  Avenue 
White  House  officials  are  somewhat  annoyed  at  NASA 

Administrator  James  Webb's  announcement  of  the  de- 
cision not  to  seek  a  Fiscal  '63  supplemental  appropriation. 

It's  up  to  the  President  to  make  such  decisions,  they  point 
out.  The  public  announcement  also  leaves  little  room  for 
a  graceful  retreat  if  future  events  force  a  change  in  plans. 

INDUSTRY 

Thiokol  Seeks  Apollo  Maintenance  Contract 
Humetrics  Division  of  Thiokol  Chemical  is  preparing 

an  unsolicited  proposal  to  NASA  for  a  study  of  ways  to 
perform  space  maintenance  on  Apollo  modules  which 
would  not  require  astronauts  to  leave  their  vehicles.  The 
proposal  may  attract  interest  if  the  Gemini  stretchout 
threatens  plans  to  demonstrate  ability  of  astronauts  to 
work  outside  of  spacecraft.  Study  also  covers  the  S-IVB 
final  Saturn  stage. 

Ford  President  Proposes  Industrial  Guard 
Ford  Motor  Co.  President  John  Dykstra  believes  an 

industrial  National  Guard  should  be  established  to  keep 
the  heavy  manufacturing  industry  in  a  state  of  prepared- 

ness to  switch  from  peacetime  to  wartime  production. 
He  made  the  proposal  to  military  brass  at  last  week's 
American  Ordnance  Assn.  meeting  in  New  York. 

New  Missile  Trajectory  System  Near 
First  demonstration  of  Diamond  Ordnance  Fuze  Lab- 

oratory's new  three-dimensional  missile  trajectory  meas- 
urement system,  developed  for  the  Army  Electronics 

Command,  is  scheduled  for  next  summer.  The  system 
is  designed  to  provide  complete  trajectory  coverage  down 
to  100-ft.  altitude  with  a  space  position  accuracy  of  ±10 
ft.  System  is  outgrowth  of  work  on  a  precision  altimeter 
for  Pershing  flight  test  analysis. 

INTERNATIONAL 

Red  China  Gains  in  Electronics 

Six  members  of  Britain's  Royal  Society  who  toured Red  China  last  month  report  that  country  is  making 
strong  gains  in  solid-state  physics  and  electronics.  The 
British  scientists  say  the  Chinese  might  well  draw  ahead 
of  the  West  in  these  fields  in  the  next  five  to  ten  years. 
Their  report  is  carried  in  the  current  issue  of  the  British 
magazine  Discovery. 

Creation  of  ESRO  Is  Postponed 
Establishment  of  the  European  Space  Research  Or- 

ganization (ESRO)  has  been  postponed  at  least  until  July 
of  next  year.  Seven  countries  still  must  ratify  the  pro- 

posal for  the  organization. 
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SYSTEMS  PROGRESS 

5  , 

PRECISION  OPTICAL  SYSTEMS  FOR 
AIRBORNE-RADAR  SIMULATION 

The  Electro-Optical  Department  of  Con- 
solidated Systems  Corporation  is  now 

producing  the  optical  system  for  a  com- 
plex simulator  that  displays  airborne 

radar  returns  from  a  moving  photographic 
film. 

Design  of  the  system  required  maximum 
ultraviolet  transmission,  resulting  in  the 
development  by  CSC  of  special  reflectors 
with  multilayer  coatings  in  the  wavelength 
region  of  3800  A.  To  withstand  tempera- 

ture changes,  bonded  quartz  optical  ele- 
ments are  used. 

In  addition  to  optical  systems,  CSC's 
Electro-Optical  Department  produces  mili- 

tary and  industrial  cameras,  optical  instru- 
mentation for  satellites  and  spacecraft, 

precision  optics  from  conventional  and 
exotic  materials.  Other  CSC  divisions  are 
developing  systems  in  space  sciences, 
industrial  control,  missile  and  spacecraft 
instrumentation,  support  and  checkout, 
data  acquisition  and  reduction. 
For  systems  experience  proved  in  hun- 

dreds of  successful  installations,  now 
available  for  application  to  your  military 
or  industrial  problems,  call  the  nearest 
CSC  regional  office  or  write: 

CONSOLIDATED 

CORPORATION 

1500  So.  Shamrock  Ave.  •  Monrovia,  California 

Space  Cooperation  Promising 
The  U.S. -Soviet  Union  agreement 

on  space  cooperation  may  eventually 
lead  to  international  weather  and 
communication  satellite  systems. 

While  details  of  the  agreement 
must  still  be  worked  out,  the  sys- 

tems are  the  stated  goals  of  the 
memorandum  of  understanding  be- 

tween the  two  nations. 
In  its  early  stages,  the  bilateral 

agreement  provides  primarily  for 
the  exchange  of  data  in  the  meteoro- 

logical satellite,  passive  communica- 
tion and  geomagnetic  survey  areas. 

In  the  weather  area,  the  first 
stage  calls  for  the  exchange  of  cloud- 
cover,  weather-chart  and  other  in- 

formation obtained  from  each  coun- 
try's experimental  satellites.  The 

second  stage — beginning  in  1964-65 
— will  include  coordinated  launch- 
ings  by  both  nations  of  a  system  of 
operational  weather  satellites. 

World  Geomagnetic  Survey — 
Each  nation  will  launch  one  earth 
satellite  during  the  International 
Year  of  the  Quiet  Sun  (1964)  and 
data  on  the  magnetic  measurements 
will  be  exchanged. 

Communications — Both  nations 
will  cooperate  in  experiments  which 
will  be  bounced  off  the  U.S.  Echo 
II  passive  communications  satellite, 
which  will  be  launched  early  in 
1963.  Further  consideration  will  be 
given  by  both  countries  to  partici- 

pation in  experiments  using  active 
communication  satellites  and  the 
possibility  of  an  experimental  global 
system  of  space  communications. 

Shots  of  the  Week 

The  Army  reported  two  success- 
ful launches  of  its  Nike-Zeus  anti- 

missile missile: 

On  Nov.  29,  the  missile  inter- 
cepted an  electronically  simulated 

target  in  a  development  test  at 
White  Sands  Proving  Ground,  N.  M. 
All  three  solid-fuel  rocket  motors 
of  the  48-ft.  missile  fired  as  planned 
during  the  test,  the  Army  said. 

In  a  launch  over  the  Pacific  Mis- 
sile Range  Nov.  28,  Nike-Zeus  was 

shot  outside  the  atmosphere  and 
successfully  maneuvered  with  con- 

trolled blasts  of  rocket  exhaust. 
In  other  recent  launches : 
•  A  Nike-Hercules  missile  ex- 

ploded over  McGregor  Missile  Range, 
Tex.,  Dec.  4,  killing  a  French  lieu- 

tenant and  injuring  four  other  per- 
sons.  A   range   safety   officer  re- 

portedly blew  up  the  missile  at  an 
altitude  of  500  ft.  when  it  veered 
off  course.  Security  officials  at  Mc- 

Gregor withheld  details  of  the  acci- 
dent, including  names  of  the  dead 

and  injured. 
•  The  Air  Force  shot  another 

secret  satellite  into  orbit  from  Van- 
denberg  AFP,  Dec.  4.  The  satellite— 
believed  to  be  of  the  Discoverer 
series — was  launched  by  a  Thor- 
Agena  booster.  This  marked  the 
100th  launch  of  Thor  as  a  space 
booster.  Of  these,  93  launches  have 
been  credited  as  successful. 

•  NASA  successfully  launched 
two  sounding  rockets — a  Nike-Cajun 
and  a  Nike-Apache — from  Wallops 
Island  Nov.  30,  initiating  a  five- 
nation  cooperative  series  aimed  at 
measuring  upper-atmosphere  condi- 

tions. The  other  countries  taking  part 
are  Argentina,  Australia,  Canada 
and  France. 

•  The  final  R&D  Atlas  F  launch 

was  made  "very  successfully"  in  a 
5000-mi.  ride  to  a  target  area  near 
Ascension  Island  Dec.  5. 

Of  the  153  Atlas  shots  to  date, 
87  were  R&D  program  launches.  Of 
these,  59  were  successful,  20  were 
partially  successful  and  eight  were failures. 

•  The  Air  Force  successfully 
fired  a  Martin  Titan  I  ICBM  4000 
miles  down  the  Pacific  Missile  Range 
from  Vandenberg  AFB  Dec.  5,  in  a 
test  of  recently  modified  ground  sup- 

port equipment. 

ARS/IAS  Merger  Voted 
The  American  Institute  of  Aero- 

nautics and  Astronautics  (AIAA) 
will  begin  operation  Feb.  1,  1963, 
with  approximately  36,000  members. 
The  new  body  resulted  from  merger 
last  week  of  the  American  Rocket 
Society  and  the  Institute  of  the 
Aerospace  Sciences. 

Sixty  percent  of  the  ARS  mem- bers voted  on  the  consolidation 
issue,  with  85%  favoring  it;  65% 
of  the  IAS  voted,  of  which  94^ 
approved  consolidation. 

Relay  Poised  for  Launch 
The  U.S.  will  attempt  this  week 

to  launch  its  second  active  commu- 
nications satellite. 

NASA's  low-altitude  Relay  satel- 
lite is  scheduled  to  be  boosted  by  a 

Delta  launch  vehicle  into  an  orbit 
ranging  from  800  to  4500  statute 
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miles  no  earlier  than  Dec.  13. 
The  172-lb.  spacecraft  is  33  in. 

high  and  about  29  in.  in  diameter. 
International  television,  two-way 

telephone,  teletype  and  high-speed 
data  experiments  will  be  conducted 
between  stations  in  U.S.,  Europe. 
Brazil  and  Japan. 

Military  R&D  Outlay  To  Drop 

U.S.  Fiscal  Year  '64  expendi- 
tures for  military  R&D  are  likely 

to  be  sharply  reduced  from  their 
current  all-time  high  of  $7.1  billion 
(roughly  15%  of  the  FY  '63  mili- 

tary budget). 
Speaking  in  New  York  last 

week  at  the  American  Ordnance 
Assn.  meeting,  Dr.  John  L.  Mc- 
Lucas,  Deputy  Director  of  Defense 
Research  and  Engineering,  reported, 
"Total  R&D  expenditures  in  the 
country  for  military  purposes  have 
continued  to  rise  faster  than  the 
gross  national  product  for  several 
years.  We  believe  that  the  bulk  of 
this  growth  has  already  taken  place 
and  that  the  next  few  years,  barring 
some  unforeseen  events,  will  see  a 
growth  rate  in  military  R&D  more 
nearly  equal  to  the  expansion  of  the 
economy  as  a  whole." 

Though  no  official  figures  are 
now  available,  observers  estimate 
the  FY  '64  military  R&D  budget  at 
about  5%  of  total  military  spending. 

Sixth  Nuclear  Rocket  Fired 

Project  Rover,  the  nation's  nu- clear rocket  development  program, 
apparently  took  another  step  for- 

ward Nov.  30  with  the  sixth  sta- 
tionary test  of  an  experimental  nu- 

clear reactor — the  Kiwi  B-4A. 
The  test  run  at  Jackass  Flats, 

Nev.,  proceeded  with  liquid  hydro- 
gen for  some  260  sec.  Shutdown  of 

the  reactor  was  ordered  before 
planned  power  was  reached,  but  the 
AEC  said  an  initial  look  at  re- 

corded data  showed  normal  reactor 
operation. 

Tiros  To  Test  Photo  System 
Development  of  an  inexpensive 

photo  transmission  system  that  will 
permit  ground  stations  around  the 
world  to  receive  local  cloud  cover 
pictures  from  orbiting  satellites  has 
been  announced  by  the  space  agency. 

The  Automatic  Picture  Trans- 
mission subsystem  (APT)  will  re- 

quire relatively  simple  ground  sta- 
tion equipment  costing  only  $30,000. 

Although  designed  for  the  Nim- 
bus weather  satellite,  the  system 

will  be  flight-tested  on  a  Tiros  satel- 
lite in  mid-1963. 

NEW  OPTICAL  SHAFT  ENCODER  AND 

PULSE  TACHOMETER 

mini 
I  Hi 

S1Z 

Type  RI-12M  DIGITAKtm 
Shown  Full  Scale  (Size  15  Synchro  Mount) 

—  optical  techniques  eliminate  contacting  surfaces 

—  lamps  used  are  rated 

at  50,000  hours  continuous  operation 

As  an  Anglo  Encoder 
•  .  .  Resolution  and  accuracy  to 
5  minutes  of  arc. 
.  .  .  100  mv  minimum  output 
into  a  10K  ohm  load. 
.  .  .  10  volt  pulses,  direction 
sensing  and  zero  reset  available 
with  optional  electronics. 

As  a  Pulse  Tachometer 

.  .  .  Up  to  4,096  pulses  per  revo- 
lution (212  binary  digits). 

.  .  .  Operates  from  zero  to 
12,000  rpm  with  full  accuracy. 

.  .  .  High  level  output  pulses 
with  optional  electronics. 

The  Wayne-George  DIGITAK™  Type  RI-12M  saves  space  and  provides 
a  reliable  encoder  and  pulse  tachometer  in  a  size  15  synchro  mount.  The 
new  units  feature  excellent  performance  under  shock,  vibration  and  elevated 
temperatures. 

Wayne-George's  experience  in  the  design  and  production  of  angle 
encoders  and  pulse  tachometers  for  a  wide  variety  of  applications  is  available 
to  meet  your  special  requirements. 

Write  to  ADCON  DIVISION,  for  technical  literature. 
Dept.  98,  322  Needham  Street,  Newton  64,  Mass.. 

WAYNE-GEORGE  CORPORATION 
ADCON  DIVISION 

DIGISYN §.  —  Direct  Reading  Optical  Shaft  Encoders 
DIGITAK™  —  Incremental  Optical  Encoders  and  Pulse  Tachometers 

DUNN  DIVISION 
Inertial  Test  and  Checkout  Equipment  —  Hydrostatic  Bearing  Gyro  Test  Turntables  —  Air  and  Oil  Bearings 
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Blue  Gemini  tie-up  possible  .  .  . 

SAINT  Reoriented  for  Future 

Military  insists  Air  Force  program  will  be  continued 

regardless;  RCA  contract  only  partially  cut— others  unaffected 

REORIENTATION  of  the  lagging 
Satellite  Inspector  program  (621  A) 
may  be  linked  to  still-unannounced  ap- 

proval of  a  four-to-five-capsule  Blue 
Gemini  program  for  the  Air  Force,  in- 

dustry sources  said  last  week. 
Reprograming  of  affected  Fiscal 

Year  1963  funds  could  get  Blue  Gemini 
under  way  early  next  year.  Technical 
observers  noted  the  strong  similarity  of 
rendezvous  technology  of  the  two  pro- 
grams. 

Military  sources  say,  however,  that 
continuation  of  the  SAINT  program  is 
not  contingent  on  approval  of  Blue 
Gemini.  "This  is  not  an  either/or  prop- 

osition," one  said.  "Work  definitely  will 
continue  on  an  advanced  Satellite  In- 

spector." The  SSD  program  office  responsible 
for  the  advanced  system  already  has 
received  a  designation.  Program  706. 
Emphasis  has  been  shifted  from  vehicles 
to  sensors. 

One  fact  was  clear  following  offi- 

cial confirmation  of  the  Satellite  In- 
spector reorientation:  it  may  have  saved 

the  system  from  cancellation  by  Dept. 
of  Defense  by  pointing  it  toward  a 
more  advanced  system. 

Significantly,  when  the  announce- ment of  the  reorientation  was  made 
public  last  week,  it  was  stressed  that 
the  contract  with  the  Defense  Elec- 

tronics Div.  of  RCA  would  be  only  par- 
tially terminated.  Specifically,  the  fabri- 

cation and  assembly  of  SAINT  vehicles 
would  be  reduced  and  the  flight  demon- 

stration phase  would  be  eliminated. 
Hughes  Aircraft  Co.,  which  holds  a 
contract  from  the  AF  Special  Weapons 
Center  at  Kirtland  AFB,  N.M.,  for 
the  development  of  the  sensor  payload, 
was  not  affected  by  the  reorientation; 
neither,  reportedly,  was  Aerojet-Gen- 

eral, which  was  developing  a  multiplc- 
re-start  storable  liquid  propellant  motor. 

•  Where  from  here? — One  indus- 
try observer  commenting  on  the  reori- 

entation pointed  out  that  when  SAINT 

was  originally  conceived  the  idea  of 
employing  a  manned  vehicle  for  space 
rendezvous  was  not  even  being  con- 

sidered seriously.  Since  that  time,  he 

points  out,  NASA's  Gemini  has  come 
into  being  and  the  Air  Force  is  attempt- 

ing to  get  approval  of  the  Blue  Gemini 
— a  system  ideally  suited  to  fulfill  many 
rendezvous  requirements.  There  is  strong 
industry  belief  that  AF's  next  step  will 
be  to  a  manned  interceptor-type  vehicle. 

Another  apparently  major  concern 
was  that  technology  was  so  far  beyond 
that  originally  envisioned  in  the  SAINT 
program  that  the  vehicle  would  be  obso- 

lete before  it  became  operational.  Thus, 
according  to  informed  sources,  one  of 
the  first  steps  in  the  reorientation  will 
be  to  fix  the  technology  now  available 
— at  the  same  time  thoroughly  re -evalu- 

ating the  threat  in  the  time-period  of 
an  operational  Satellite  Inspector. 

A  recent  speech  by  Col.  Joseph  S. 
Bleymaier  is  considered  significant  in 
that  he  pointed  out  that  the  transtage 
of  the  Titan  III  "means  a  real  bonus 
for  payload  designers."  Specifically, 
Bleymaier  said,  "this  (the  transtage) 
assumes  even  greater  significance  in 

light  of  the  Air  Force's  anticipated space  maneuver  requirement,  necessary 
for  the  inspection  of  and  rendezvous 
with  other  vehicles  in  space — particu- 

larly those  capable  of  evasive  action." 
o  Program  history — Originally  con- 

ceived to  demonstrate  military  rendez- 
vous with  unknown  or  unidentified 

space  objects  in  Earth  orbit,  SAINT  was 
initiated  in  1960.  Initial  launches  of 
the  space  vehicle  were  to  have  been 
made  in  1962  by  an  Atlas-Agena  B. 

Program  funding  was  never  ade- 
quate, according  to  informed  sources. 

Some  $6.1  million  was  budgeted  in  FY 
'61,  $10  million  in  FY  '62  and  $40 
million  in  FY  '63.  The  latter  funds  ap- 

parently were  never  released,  and  ap- 
proximately $3  million  from  FY  '62 monies  are  being  used  to  terminate  the 

RCA  contract. 
Other  contractors  on  the  program 

were:  Minneapolis-Honeywell,  guid- 
ance; Avco,  structures  and  interstage: 

Emerson  Electric  and  Westinghouse, 
radar  equipment;  Douglas,  spacecraft 
fairing;  Applied  Design  Co.,  ground 
handling  and  erection  trailers  and  Gar- 

rett Corp.,  temperature  control  unit.  8 

Economies  May  Cause  Mariner  Failure 

EXTREME  ECONOMY  meas- 
ures are  blamed  for  the  possibility 

that  Mariner  II  may  not  accomplish 
its  planetary  exploration  mission 
when  it  passes  Venus  on  Friday, 
Dec.  14. 

Industry  sources  report  that  the 
excessive  temperatures  recorded  on 
board  the  spacecraft  resulted  from 
inadequate  heat  control  measures 
forced  by  shortage  of  time  and 
money. 

JPL  scientists  were  allowed  funds 
to  build  only  three  spacecraft  and 
were  ordered  to  deliver  them  to 
Cape  Canaveral  only  9Vi  months 
after  the  program  was  approved. 

Two  of  the  spacecraft  were  flight 
models  and  the  other  was  desig- 

nated a  backup.  Thus.  JPL  had  no 
opportunity  to  define  limits  by  test- 

ing a  spacecraft  to  destruction. 
Component  temperatures  have 

averaged  30°  higher  than  anticipated. 
This  is  still  within  the  margin 

allowed  by  the  designers,  but  tem- 
peratures are  rising  faster  than  ex- 

pected and  component  acceptance 

tests  lasted  only  about  12  days — 
far  less  than  the  actual  interplane- 

tary exposure  time.  Three  compo- 
nents will  reach  or  exceed  their  ac- 

ceptance test  temperatures  by  the 
time  of  Venus  encounter.  Compari- 

son of  test  limits  and  actual  tempera- 
tures recorded  on  the  spacecraft 

for  the  components  shows: 
—  Earth  sensor  acceptance  test 

limit:  130°F;  at  Venus  encounter: 
169°F-165°F. 

—  Battery  acceptance  test  limit: 
120°F;  at  Venus  encounter:  129°F. 

—  Solar  cell  acceptance  test  limit: 
about  250°F;  at  Venus  encounter: 
about  250°F. 

Whether  or  not  its  exploration 
of  Venus  succeeds,  Mariner  II  is  al- 

ready being  recognized  as  the  most 
rewarding  space  probe  since  Ex- 

plorer I  discovered  the  Van  Allen 
Belt.  It  is  sending  a  wealth  of  de- 

sign data  and  information  on  inter- 
planetary magnetic  field,  microme- 

teorite  density,  etc.,  from  deeper  in 
space  than  any  previous  vehicle. 
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Selection  next  spring  .  .  . 

RFP's  for  DOD's  ComSat  Due  Soon 

Ground  environment,  spacecraft  requests  also  at  hand; 

Defense  Communications  Agency  reorganized  to  handle  operation 

by  James  Trainer 

REQUESTS  for  proposals  for  the 
Dept.  of  Defense  medium-altitude  com- 

munication satellite  system  are  expected 
to  be  issued  to  industry  before  the  end 
of  this  month. 

At  almost  the  same  time,  RFP's 
for  the  ground  environment  will  be  is- 

sued by  the  U.S.  Army  Satellite  Com- 
munications Agency.  Ft.  Monmouth, 

N.J.  Spacecraft  RFP's  will  be  issued  by 
the  Air  Force  Space  Systems  Division, 
Inglewood,  Calif. 

Defense  Communications  Agency — 
responsible  for  the  interface  problems 
of  DOD  communications  satellites — was 
established  in  1960  as  a  single  manager 
for  all  Dept.  of  Defense  long-haul, 
point-to-point  Government-owned  and 
leased  communications.  It  will  also  be 
the  operating  agency  for  the  commu- 

nications satellites  established. 
Since  interested  companies  are  al- 

ready well  aware  of  Defense  require- 
ments for  the  medium-altitude  system 

and  are  already  primed  for  the  RFP's. DCA  officials  estimate  that  a  minimum 
of  30  days  will  be  allowed  for  industry 

to  submit  proposals.  The  Army  and 
Air  Force  will  require  at  least  another 
month  for  evaluation  of  proposals  be- 

fore forwarding  recommendations  on 
source  selection  to  the  Defense  Director 
of  Research  and  Engineering. 

A  final  selection  of  at  least  two 
contractors — one  for  the  spacecraft  and 
one  for  the  surface  environment — is  ex- 

pected to  be  announced  by  the  Defense 
Department  by  early  spring.  However, 
DCA  officials  expect  that  a  program 
definition  phase  will  be  conducted, 
where  required.  Therefore,  some  of  the 
final  awards  may  not  be  made  until 
June. 

Work  on  the  synchronous-altitude 
communications  satellite  system  will 
not  be  emphasized  until  after  contracts 
on  the  lower-altitude  system  have  been 
awarded.  "This  is  based  on  the  fact 
that  the  technology  is  more  available 
for  the  medium-altitude  satellite  sys- 

tem as  defined  than  for  the  synchronous 
orbiting  concepts  that  will  meet  military 
needs,"  DCA  officials  point  out. 

•  Medium-altitude  system — One  of 

the  main  purposes  of  the  RFP's  will be  to  determine  how  sophisticated,  in 
terms  of  encryption,  anti-jamming  and 
traffic  capacity,  the  medium-altitude 
system  can  be.  Criticism  of  a  low-alti- 

tude system  had  been  voiced  by  the 
House  Science  and  Astronautics  Com- 

mittee in  its  Nov.  1  report  on. the  Ad- 
vent program  because  it  would  not  in- 

clude "many  of  the  desirable,  features 
of  an  ideal  military  communications 

system." 

An  estimated  24  to  36  satellites  will 

be  required  in  5000-12,000  n.  m.  ran- 
dom orbits  to  achieve  world-wide  cov- 

erage and  continuous  communication. 
Each  satellite  is  expected  to  weigh  ap- 

proximately 100  lbs.  and  carry  active  re- 
peater equipment  for  narrow  band-width 

voice  and  teletype  communications. 
Launched  into  polar  orbit  by  the 

Atlas-Agena,  the  medium-altitude  satel- 
lites will  be  separated  in  space  by  me- 

chanical means  (such  as  springs)  when 
they  are  in  the  appropriate  position. 
Each  Agena  payload  will  consist  of  at 
least  five  satellites.  The  multiple-launch 
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technique,  according  to  DCA  officials, 
presents  no  problem  to  achieving  an 
operational  system. 

The  surface  environment  is  expected 
to  be  compatible  with  both  the  medium- 
and  high-altitude  systems  and  provide 
both  fixed  and  mobile  stations  for  mili- 

tary commanders  on  land  and  aboard 
ship.  The  main  difficulty  in  the  ground 
system  for  the  medium-altitude  Com- Sat — and  the  most  serious  objection 
raised  by  the  House  committee — is  the 
requirement  for  a  "highly  complex  and 
expensive"  aggregation  of  ground  equip- 

ment for  acquiring,  switching  and  com- 
municating with  the  lower-altitude  sys- 

tem. Development  of  a  ground  environ- 
ment that  can  be  used  with  both  satel- 

lite systems  probably  will  assuage  Con- 
gressional feelings  while  at  the  same 

time  reducing  the  overall  development 
costs  of  the  two  ComSats. 

Early  estimates  of  the  cost  to  de- 
velop the  medium-altitude  system  have 

been  between  $100-$  140  million. 
•  DCA  reorganized — To  handle  its 

expanded  responsibilities,  the  Defense 
Communications  Agency  has  been  com- 

pletely reorganized.  Effective  Nov.  26, 
the  new  organization  includes  a  two- 
star  Deputy  Director  for  the  Communi- 

cations Satellite  Project  Office  (CSPO), 
Deputy  Director  for  the  National  Mili- 

tary Command  System  (NMCS)  and 
Deputy  Director  for  the  Defense  Com- 

munications System  (DCS). 
Rear  Adm.  Jack  S.  Dorsey  will  head 

CSPO  and  will  report  to  the  newly- 
installed  Director  of  DCA,  Lt.  Gen. 
Alfred  D.  Starbird.  Originally,  Rear 
Adm.  Frank  Virden  had  been  named 
to  fill  the  CSPO  slot,  but  he  was  later 
retained  as  Commander  of  the  Pacific 

Fleet's  Cruiser-Destroyer  Force. 
In  addition  to  communications  as- 

signments at  the  Navy's  Postgraduate school  at  Monterey,  Calif.,  and  on  the 
Joint  Staff  of  the  Caribbean  Command, 
Adm.  Dorsey  has  headed  the  Shore 
Branch,  Naval  Communications  Divi- 

sion and  was  Assistant  Director,  Naval 
Communications.  In  1958,  he  became 
Deputy  Director  for  Communications- 
Electronics,  JCS,  before  being  trans- 

ferred in  1960  to  the  command  of  a 
destroyer  flotilla. 

Dorsey's  Assistant  Deputy  Director 
is  Col.  Raymond  H.  Goodrich,  USA, 
who  came  to  DCA  from  Ft.  Monmouth. 
Reporting  to  Adm.  Dorsey  will  be  four 
staff  elements  and  two  field  offices:  a 
Systems  Reporting  office,  a  Systems 
Technical  Programing  Div.,  a  Systems 
Development  Div.,  a  Sub-systems  Div. 
and  two  field  offices,  one  at  SSD  in 
Inglewood,  Calif.,  and  the  other  at  Ft. 
Monmouth. 

The  organization  is  presently  in  the 
process  of  building  up  to  full  strength 
of  about  40.  This  buildup,  now  approx- 

imately 50%  complete,  is  expected  to 
achieve  its  goal  by  January. 

•  DCA  authority  real — One  of  the 
major  Congressional  criticisms  of  the 
Advent  management  structure  was  the 
lack  of  "a  strong  single  manager  at  the 
Department  of  Defense  level."  Under the  reoriented  program,  DCA  has  been 
established  as  the  "strong  focal  point" within  DOD.  In  certain  areas,  DCA 
officials  say,  the  agency  has  the  au- 

thority to  rule,  although  the  military 
services  can  appeal  to  OSD  through 
the  service  secretaries  for  reconsidera- 
tion. 

The  real  program  manager,  DCA 
officials  feel,  is  the  Director,  Defense 
Research  and  Engineering.  Certain  very 
real  powers — particularly  in  the  areas 
involving  compatibility  of  interfaces — 
are  delegated  to  DCA  Director  Star- 
bird.  In  other  words,  these  officials  say, 
functional  supervision  of  the  program 
will  be  carried  out  by  DDR&E,  with 
Starbird  acting  as  its  executive  agent. 

The  reorganization  and  expansion 
of  DCA  marks  the  beginning  of  Phase 

II  in  the  Agency's  development.  Ini- 

tially, the  organization  was  created  May 
12,  1960,  to  tie  together  all  the  global 
military  communications  systems.  It 
did  not  have  a  large  staff  and  was  given 
a  very  small  research  and  development 
budget.  However,  with  the  assignment 
of  the  National  Military  Command 
System  and  the  Communications  Satel- 

lite programs,  DCA  has  matured  and, 
in  the  future,  will  be  able  to  develop 
its  own  communications  systems. 

o  ITT's  role  in  ComSats — Although 
DCA  utilizes  program  management 
principles  of  the  Army  and  Air  Force, 
the  role  of  International  Telephone  and 

Telegraph  in  the  Agency's  setup  differs somewhat  from  that  played  in  Air 
Force  programs  by  companies  such  as 

Aerospace  Corp.  and  Mitre  Corp.  ITT's charter  includes  systems  engineering  and 
technical  assistance — the  key  word  be- 

ing assistance  rather  than  technical direction. 
To  assist  DCA  in  performing  its 

mission,  ITT  has  set  up  a  subsidiary — 
ITT  INTELCOM,  Inc.  located  at  5817 

Columbia  Pike,  Bailey's  Crossroads,  Va. 
— to  implement  this  contract.  8 

NASA  Stalls  Army 
NASA  HAS  BLUNTED  for  the 

moment  an  Army  Corps  of  Engi- 
neer's drive  for  a  major  role  in  the 

space  agency's  lunar  base  program. The  Corps  had  proposed  to  the 
space  agency  that  it  be  given  respon- 

sibility for  construction  of  a  lunar 
base,  and  that  an  immediate  start  be 
made  in  required  research.  Included 
was  the  plan  for  a  multimillion-dollar lunar  base  simulator. 

NASA  has  informed  Army  offi- 
cials that  the  proposal  is  "prema- 

ture." Instead,  it  has  awarded  the 
Corps  a  $100,000  study  contract  to 
define  the  research  effort  needed  to 
give  the  U.S.  a  lunar  construction 
capability. 

The  space  agency  rejection 
stemmed  from  the  belief  that  it  is  too 
early  to  establish  a  requirement  for 
a  lunar  base  or  the  research  effort 
leading  to  its  development. 

The  current  timetable  calls  for 
the  lunar  base  to  follow  the  first 
manned  lunar  landing  missions.  This 
would  push  its  development  to  1969 
or  the  early  1970's.  It  is  estimated that  actual  hardware  contracts  are 
at  least  three  years  away. 

NASA  officials  also  "strongly 
suspect"  that  the  lunar  base  research 
program  will  not  require  any  new 
simulator.  They  believe  that  current 
space  agency  and  DOD  simulator 
facilities  will  be  sufficient. 

NASA  officials  do  not  rule  out 
the  possibility  that   the  Engineers 

Lunar  Base  Role 

will  eventually  get  the  lunar  base 
responsibility  they  seek.  They  note, 
however,  that  this  will  be  sometime 
in  the  future. 

•  Study  plans — Once  the  cur- 
rent six-month  contract  is  completed, 

it  is  expected  that  further  studies 
will  be  made  by  the  Corps,  NASA 
and  industrial  firms. 

Objectives  of  the  Army  study  are 
to  define  the  needed  research  and  de- 

velopment effort,  establish  require- 
ments for  experimental  facilities  on 

Earth,  and  prepare  schedules  and 
budgetary  estimates  for  the  lunar 
construction  research  program. 

The  new  study  will  take  into  ac- 
count results  of  related  earlier  studies 

by  the  Air  Force  and  Army  (Project 
Horizon) . 

Areas  of  research  to  be  consid- 
ered will  include  lunar  soil  charac- 

teristics, lunar  solid  movement  and 
excavation  techniques,  construction 
materials,  structural  design,  power 
generation,  storing  and  handling  of 
life-supporting  atmosphere,  water 
supply  and  sanitation,  construction 
tools  and  human  engineering  and training. 

The  Corps  of  Engineers  will  as- 
sign approximately  10  people  to  the 

study,  which  will  be  performed  at 
the  Corps'  Gravelly  Point  Head- 

quarters in  Washington,  D.C.,  under 
the  direction  of  the  Office  of  Manned 

Space  Flight. 
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Subcontracting  will  grow, 

SNAP-50  Details  Revealed  at  CANEL 

Lightweight  1-mw  unit  to  fly  by  7970;  lithium 
and  columbium  technology  inherited  from  ANP  work 

by  Frank  G.  McGuire 

Middletown,  Conn. — The  high- 
power  SNAP-50  reactor  system  is  ex- 

pected to  be  flight-tested  by  1970  and 
probably  will  be  used  for  unmanned 
missions  during  the  first  years  of  its 
operating  service,  later  being  incorpo- 

rated into  large  manned  vehicles. 
Details  of  the  one-megawatt-poten- 
tial system  emerged  here  as  the  Atomic 

Energy  Commission  unveiled  its  Con- 
necticut Advanced  Nuclear  Engineer- 

ing Laboratory  and  described  some  of 
the  technological  "fallout"  from  the 
cancelled  aircraft  nuclear  propulsion 
(ANP)  program. 

CANEL,  operated  for  AEC  by 
Pratt  &  Whitney  Aircraft,  is  devoting 
its  entire  effort  to  SNAP-50  and  the 
accompanying  lithium,  columbium  and 
reactor  technologies.  The  $64-million 
government-owned  facility  is  considered 
a  prime  center  of  columbium  technol- 

ogy because  of  its  ANP  work,  and  the 
metal  has  been  under  development  for 
the  plumbing  of  SNAP-50's  conversion 
system. 

The  system's  lithium-cooled  reactor 
generates  heat  that  is  carried  by  liquid 
lithium  at  2000°F  to  a  heat  exchanger, 
where  liquid  potassium  is  boiled  to  a 
vapor  used  to  drive  a  turbine  for  oper- 

ating an  alternator  to  generate  power. 
The  potassium  vapor  is  then  carried 
to  another  heat  exchanger,  where  it  is 
condensed  into  liquid,  the  waste  heat 
being  carried  into  space  through  a  ra- 

diator system.  The  liquid  potassium  is 
pumped  to  a  secondary  radiator,  where 
its  temperature  is  lowered  further,  be- 

fore being  used  as  a  coolant  for  the 
alternator  and  other  components. 

Walter  Doll,  P&W's  general  man- 
ager at  CANEL,  said  the  firm  expects 

to  operate  a  lithium-cooled  reactor  ex- 
periment (LCRE)  at  AEC's  reactor  test 

facility  in  Idaho  sometime  in  early 
1965.  This  experiment,  which  will  use 
no  power  conversion  equipment,  is 
aimed  at  testing  the  reactor  and  pri- 

mary lithium  loop,  using  a  heat  dump 
converted  from  the  ANP  program. 

Ducting  for  the  final  SNAP-50 
system,  all  under  4-in.-dia.,  is  of 
columbium-zirconium  alloy  and  will 
operate  at  about  2000  °F,  providing 
high  strength  and  reliable  lithium  con- 

tainment. Other  than  the  metals  tech- 
nology, ANP  also  contributed  high- 

REACTOR  TABLE  at  CANEL  is  divided  into  halves  of  grid  structure,  for  testing  core 
designs.  Grids  loaded  with  fuel  elements  move  together  to  begin  reaction. 

temperature  liquid  metal  pumps,  heat 
exchangers,  and  reactor  fuel  elements, 
controls  and  pressure  vessels. 

Using  a  uranium  dioxide  and  beryl- 
lium fuel,  the  LCRE  will  first  con- 

centrate on  space  powerplant  design 
studies,  materials  and  fuels  develop- 

ment, and  component  design  and  engi- 
neering— with  a  view  toward  realizing 

the  10,000-hour  operating  lifetime  set 
for  SNAP-50. 

One  major  component  of  the  com- 
plete system  for  which  P&W  is  not 

directly  responsible  is  the  radiator. 
This  design,  which  must  fit  into  a 
Titan  III  nose  cone,  has  not  yet  been 
established;  it  probably  will  grow  out 
of  radiator  research  now  going  on  at 
a  number  of  installations. 

•  Subcontracting  to  swell — The  di- 
rect AEC  facility  supporting  P&W  in 

the  SNAP-50  program  is  Oak  Ridge 
National  Laboratory.  Argonne  National 
Laboratory  is  responsible  for  in-house 
exploratory  research  and  analysis  lead- 

ing to  higher  temperature  and  high 
power  levels. 

Forced  by  the  ANP  cancellation  to 
pull  much  of  its  subcontracting  back 
into  its  own  shops,  P&W  says  about 
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one-third  of  the  SNAP-50  work  is  now 
subcontracted,  and  that  this  figure  will 
rise  as  the  program  progresses. 

Funding  for  the  program  moved 
from  $16  million  in  FY  '62  to  $25  mil- 

lion in  FY  '63,  and  probably  will  in- 
crease again  this  year.  The  program  is 

currently  in  the  hands  of  the  Budget 
Bureau. 

•  CANEL — The  Connecticut  Ad- 
vanced Nuclear  Engineering  Labora- 

tory, built  in  1955-57  with  Air  Force 
money,  was  originally  constructed  for 
the  ANP  program,  which  was  cancelled 
in  March,  1961. 

CANEL  occupies  1100  acres  on  the 
west  bank  of  the  Connecticut  River 
about  five  miles  south  of  Middletown. 
P&W  employees  total  1600,  and  AEC 
has  14. 

The  25  buildings  at  the  facility  total 
over  725,000  sq.  ft.  and  include:  labo- 

ratories for  nuclear  fission  experiments; 
cells  for  dissecting  and  examining  radio- 

active materials;  equipment  for  devel- 
oping and  testing  refractory  metals  and 

alloys,  including  liquid  metals;  clean 
rooms  for  critical  assembly  and  machin- 

ing; laboratories  for  developing  liquid- 
metal  pumps;  and  machine  shops.  *♦ 
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Lockheed  Heads  Defense  Contractors 

LOCKHEED  AIRCRAFT  Corp.  jumped  from  third 
to  first  place  on  DOD's  list  of  the  100  top  prime  contractors 
for  Fiscal  Year  1962.  The  Lockheed  move  displaced  Gen- 

eral Dynamics  from  the  top  spot  for  only  the  second  time 
in  six  years. 

Other  shuffling  in  the  top  10  companies — four  of  which 
did  more  than  a  billion  dollars  worth  of  business  with  the 

Defense  Department  during  FY  '62 — saw  North  American Aviation.  Inc.  drop  from  second  place  to  fourth  and  Boeing 
Co.  move  up  one  place  to  third.  The  only  other  change  in 
the  top  10  was  the  displacement  of  Hughes  Aircraft  Co. 

(down  to  23rd  place)  by  General  Motors  Corp.,  which 
jumped  into  the  top  10  from  its  FY  '61  position  of  19th. 

Significantly,  the  100  companies  accounted  for  some 
72.3%  of  the  U.S.  total— a  decline  of  1.9%  from  the 
74.2%  during  FY  '61  and  the  lowest  percentage  obtained 
by  the  100  top  companies  in  the  last  five  years.  This  was 
attributed  to  the  aggressive  Small  Business  program  under 
way  in  DOD.  Small  business  concerns  accounted  for  17.7% 
of  DOD  business  versus  15.9%  in  FY  '61. 

Total  DOD  contracts  amounted  to  $25,588,400,000,  with 
the  100  top  firms  accounting  for  $18,497,200,000.  a 

DOD  LIST  OF  FY  '62  J  00  TOP  PRIME  CONTRACTORS 

FY  '62 FY  '61 FY  '62 FY  '61 FY  '62 61 Contracts Contracts 
FY  '62 

61 

Contracts Contracts 
Rank Rank Company (in  Millions  of  Dollars) Rank Ronlc 

Company 
(in  Millions  of  Dollars) 

1 3 Lockheed  Aircraft  Corp. 1419  5 1  1  75  2 

48 

33 

Burroughs  Corp. 86  6 
t  1  1 .5 

2 1 General  Dynamics  Corp. 1  1 96  6 1,460.5 49 49 Continental  Motors  Corp. 86  6 
68  4 3 4 Boeing  Co. 1  132  8 919.8 50 68 Kaman  Aircraft  Corp. 

83.8 
40  2 

4 2 North  American  Aviation,  Inc. 1 ,032.5 
51 

53 Goodyear  Tire  &  Rubber  Co. 83  2 
OA.O 

5 5 General  Electric  Co. 975.9 874.6 

52 

41 Massachusetts  Institute  of 
6 6 Martin  Marietta  Corp. 802.7 691.8 

Technology 

82  1 
82  5 

7 7 United  Aircraft  Corp. 662.7 625  5 
53 

35 American  Bosch  Arma  Corp. 
814 

1  07  6 
8 8 American  Telephone  S 

54 51 

International  Harvester  Co. 80.8 
63  7 Telegraph  Co. 467.7 550.6 55 

79 

Magnavox  Co. 
73.2 

32.4  1 
9 9 Sperry  Rand  Corp. 465.6 408.0 56 60 Lear-Siegler,  Inc. 73.1 50.2 

10 19 General  Motors  Corp. 449  0 281.8 

57 

42 General  Precision  Equipment 
1 1 15 Raytheon  Co. 406.6 

304.9 

Corp. 70.5 
8  7.3 

T2 17 General  Tire  &  Rubber  Co. 
290.2 

58 

57 

Shell  Caribbean  Petroleum  Co. 
67  4 56  9 13 14 Douglas  Aircraft  Co. 365.6 

307.4 59 

58 Socony  Mobil  Oil  Co. 65.8 

52.9  1 

1 4 10 Radio  Corp.  of  America 339.6 
392.3 60 75 Aerospace  Corp. 63.4 34.8 

15 16 Republic  Aviation  Corp. 332.8 295.7 
61 

62 Morrison-Knudsen  &  Associates 61.0 45.6 
16 21 AVCO  Corp. 323.3 

251.6 
62 Bowen-McLaughlin-Y ork,  Inc. 59.0 

17 23 McDonnell  Aircraft  Corp. 31  0.9 21  9.9 63 70 Eastman  Kodak  Co. 55.4 38.3  1 
18 22 Grumman  Aircraft  Engineering 

238.0 64 

59 Olin  Mathieson  Chemical  Corp. 53.3 52.5 
Corp. 303.6 65 

46 

Bath  Iron  Works  Corp. 51.2 
73.7 

19 20 Bendix  Corp. 2S5.9 266.8 
66 Hayes  International  Corp. 

51.0 20 43 Ford  Motor  Co. 269.1 
81.0 

67 

56 Garrett  Corp. 46.7 
59.9 2  1 ?  3 Westinghouse  Electric  Corp. 246.0 

307  7 
68 

73 

Mason  &  Hanger — Silas  Mason 
22 25 International  Telephone  & 

201  6 Co. 
44.3 

36.5 
Telegraph  Corp. 243.6 

69 

78 

Continental  Oil  Co. 44.2 

33.7 
23 11 Hughes  Aircraft  Co. 234.2 331.2 

70 63 Johns  Hopkins  University 44.0 44.6 
24 30 American  Machine  &  Foundry 

1  1 9.8 
71 66 DuPont  (E.  1.)  De  Nemours  &  Co. 42.2 4  7.7 

Co. 187.3 72 Hardeman-Fischback 40.9 
25 18 Newport  News  Shipbuilding 

290.2 
73 

67 

Todd  Shipyards  Corp. 40.4 40.6 
&  Dry  Dock  Co. 185.0 

74 

85 Laboratory  for  Electronics,  Inc. 

40.3 

29.7 26 32 Hercules  Powder  Co. 181  .6 117.0 

75 

Kaiser-Ray  mond-Macco-Puget 
27 27 Chrysler  Corp. I8I.5 158.2 

167.7 210.0 
Sound 

39.7 
28 26 Standard  Oil  Co.  (New  Jersey) 180.1 76 Flying  Tiger  Line,  Inc. 39.1 
29 24 Thiokol  Chemical  Corp. 178.3 77 

98 

Marquardt  Corp. 38.8 26.3 
30 38 FMC  Corp. 160.4 87.9 

78 

Harrington  &  Richardson,  Inc. 38.5 
31 12 International  Business  Machines 

155.5 330.0 79 

76 Richfield  Oil  Corp. 38.4 34.3 
Corp. 80 

81 

Standard  Oil  Co.  (Indiana! 36.8 37.6 
32 28 Northrop  Corp. 152.5 155.6 94.0 

81 87 

Hazettine  Corp. 36.0 
29.5 

33 37 Collins  Radio 150.1 82 Cities  Service  Co. 
System  Development  Corp. 

35.8 
34 

29 
Pan  American  World  Airways, 

146.7 
127.1 69.8 

83 72 35.  J 36.7 Inc. 84 

90 

Vitro  Corp.  of  America 
35.0 

28.4 
35 47 Curtiss-W right  Corp. 144.6 

142.7 
85 

69 

Fairchild  Stratos  Corp. 35.0 39.8 
36 Kiewit  IPeler)  Sons'  Co. 

46.8 
86 

100 
Motorola,  Inc. 

33.5 25.6 

37 61 Ling-Temco-Voughf,  Inc. 133.4 
87 

65 Ryan  Aeronautical  Co. 33.4 
42.0 38 40 Minneapolis-Honeywell 

127.5 
117.4 85.5 65.8 

88 Motec  Industries,  Inc. 33.7 

39 50 
Regulator  Co. 

Textron,  Inc. 
89 
90 

97 
52 

Aro,  Inc. 
Sanders  Associates,  Inc. 

32.8 

32.7 

26.4 

63.7 
40 55 Generoi  Telephone  &  Electronic, 1  16.3 61 .4 91 Phillips  Petroleum  Co. 

Universal  American  Corp. 
32.0 

41 34 
Corp. 

Standard  Oil  Company 92 

94 

31.9 27.9 
at  Caifornia 1 15.2 109.4 

93 
Mitre  Corp. 

30.2 42 39 Texaco,  Inc. 108.0 85.5 94 Ogden  Corp. 
30.2 43 45 

Thompson-Ramo-Wooldridge, 95 Harvey  Aluminum,  Inc. 29.0 
Inc. 105.7 

76.9 
96 

99 Texas  Instruments,  Inc. 29.0 
26.2 44 44 Bethlehem  Steel  Corp. 99.9 79.4 97 Gilfillan  Corp. 28.9 

45 Litton  Industries,  Inc. 88.3 98 Blount  Brothers  Construction  Co. 28.8 
46 89 While  Motor  Co. 87.4 28.7 99 48 Hai.icrafters  Co. 28.7 

68.9 
47 Kaiser  Industries  Corp. 87.1 

100 
Union  Carbide  Corp. 27.2 
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Sluggishness  suggested .  .  . 

Probe  of  SNAP  Program  Under  Way 

AEC  report,  due  in  summer  of  '63,  expected  to  establish 
guidelines  for  developing  advanced  nuclear  power  units 

by  William  Beller 

THE  ATOMIC  ENERGY  COM- 
MISSION is  taking  a  new  and  hard 

look  at  the  entire  SNAP  program.  Rea- 
sons are  twofold:  anticipation  of  rapid 

growth  in  the  nuclear  space  effort,  and 
reaction  to  complaints  of  sluggishness 
in  developing  space  nuclear  power. 

When  the  probe  was  announced  late 
last  month,  AEC  chairman  Dr.  Glenn 

T.  Seaborg  pointed  out  that  AEC's  ex- 
penditures with  industry  for  the  nuclear 

space  program  will  exceed  $200  million 
during  the  current  fiscal  year. 

He  indicated  this  amount  would  be 

minimum  funding  because  "as  the 
ROVER  concept  and  the  SNAP  con- 

cepts progress  through  their  various 
stages  of  development,  further  growth 
and  further  expenditures  must  be 
anticipated." 

The  investigation  of  SNAP — in- 
tended to  be  comparable  to  a  recently 

completed  extensive  AEC  study  of  civil- 
ian nuclear  power — is  expected  to  be 

finished  in  mid-summer  1963.  An  in- 
house  effort,  it  will  lay  the  guidelines 
for  AEC's  development  of  advanced 
nuclear  power  units.  For  this  reason, 
the  AEC  is  extremely  eager  to  enlist 
the  aid  of  all  interested  government 
agencies. 

Once  the  SNAP  report  is  finished, 
industry  is  expected  to  be  able  to  orient 
nuclear  R&D  work  more  easily  along 
the  lines  of  AEC  thinking. 

Seaborg  said  he  expects  the  power 
level  of  nuclear  space  units  to  reach 
one  megawatt  by  the  mid-1970's;  and 
to  reach  beyond  one  megawatt — with 
thermionic  systems — by  the  late  1970s. 

•  A  helping  hand — The  AEC  chair- 
man recognizes  the  business  risks  in- 

volved in  programs  as  costly  and  com- 
plex as  developing  nuclear  power.  He 

recently  said  that  when  engineering  is 
pushed  to  the  edge  of  present  capa- 

bility, a  company — indeed,  an  entire 
industry — could  reach  a  point  where 
the  investment  is  almost  too  great  to 
turn  back,  and  the  uncertainties  are 
almost  too  great  to  justify  further  capi- tal commitment. 

Such  a  problem  presents  corporate 
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management  with  a  grave  choice — one 
that  challenges  its  confidence  and  con- 

victions as  well  as  its  capital.  "It  is  my 
personal  view  that  in  such  dilemmas 
the  Government  has  a  responsibility," 
Seaborg  said. 

The  chairman  did  not  amplify  this 
remark.  Insiders  took  it  to  mean  that 
if  a  company  is  on  the  brink  of  a  sig- 

nificant contribution  to  the  nuclear  space 
program,  but  is  running  out  of  funds, 
it  would  be  poor  economy  for  the  Gov- 

ernment not  to  help  bail  the  company 
out  in  terms  of  contracts  or  other 
means. 

•  The  SNAP  probe  —  The  SNAP 
study  is  expected  to  go  along  the  follow- 

ing lines: 
—The  state-of-the-art  will  be  drawn 

and  opportunities  for  future  develop- 
ments outlined. 

—The  firm  requirements  of  the  chief 
using  agencies — NASA  and  Defense — 
will  possibly  be   determined  for  the 

SNAP  units,  including  estimates  of  the 
power  levels  needed. 

—The  fuel  requirements  for  the 
radioisotope  SNAP  units  will  be  deter- 

mined. If  it  looks  like  fuel  will  be  short, 
suitable  provisions  for  a  production 
program  will  be  recommended. 

—The  expected  costs  of  the  various 
SNAP  units  will  be  compared  with  the 
costs  of  other  means  of  generating 
power  for  space  missions. 

The  AEC  expects  the  study  to  in- 
clude terrestrial  application  of  SNAP 

devices.  "We  would  welcome,  at  this 
stage,  the  suggestions  and  comments  of 
the  nuclear  space  industry,"  said  Sea- 

borg, "particularly  with  respect  to  the 
scope  and  method  of  the  study." Explaining  the  study  further,  Seaborg 
told  Missiles  and  Rockets,  "It's  more 
a  look  to  the  future  than  a  look  back- 

ward." He  explained,  "We  get  inquiries 
about  power  units:  one  agency  wants  a 
25-watt  unit  and  another  a  50-watt.  We 

MARS  LANDING  mission  of  a  nuclear  rocket.  Note  shedding  of  empty  propellant  tanks. 
21 



ELLIPTICAL  DOME 

FIELD  SPUCE 

GIMBAL  POINT 

NERVA  NUCLEAR 
ENGINE 

FIELD  SPLICE 

can't  develop  them  all.  What  we  don't 
want  is  a  proliferation  of  SNAP  units." Asked  whether  he  had  in  mind 
merging  or  eliminating  any  of  the 
SNAP  units  already  under  development, 
Seaborg  said  "This  is  not  our  purpose, 
nor  do  we  have  any  particular  units  in 
mind."  He  added,  "It  all  depends  on 
our  study — if  it  shows  we  should  take 
such  actions." 

•  Hard-to-get  requirements — Sea- 
borg recognizes  he  may  have  problems 

getting  firm  requirements  from  NASA 
and  DOD  for  advanced  and  high-power 
SNAP  units.  It  took  a  congressional  hear- 

ing for  the  AEC  to  be  assigned  full  re- 
sponsibility for  developing  the  nominal 

300-kw  SNAP  unit  (M/R,  Sept.  24,  p. 
14).  Even  so,  neither  NASA  nor  DOD 
would  commit  itself  to  requirements. 

Looking  optimistically  to  the  future, 
Seaborg  said,  "We  will  try  to  persuade 
the  agencies  to  cooperate  with  us  so  we 
can  plan  better  and  help  them.  We  have 
the  responsibility  to  develop  devices 
which  we  see  will  be  useful  and  that 

some  agency  will  want  in  the  future." He  said  that  the  AEC  expects  to  work 
with  NASA  on  analyses  of  space  mis- 

sions for  SNAP  purposes. 
Repeated  criticisms  of  the  seeming 

confusion  in  space  nuclear  power 
reached  congressional  proportions  this 
past  summer  when  Rep.  Melvin  Price 
(D-Ill.)  said,  "AEC,  NASA  and  DOD 
still  cannot  agree  on  how  to  manage 
and  coordinate  the  required  (SNAP)  re- 

search and  development  program."  He 
added,  "This  program  is  too  vital  to 
tolerate  unnecessary  delays." 

One  result  of  this  criticism — and  of 
the  September  hearings  of  the  loint 
Committee  on  Atomic  Energy — is  be- 

lieved to  be  the  newly  instituted  AEC 
study  of  the  SNAP  program. 

Industry  criticism  of  AEC's  lagging 

1039" 

DIMENSIONS  of 

RIFT  (reactor  in- 
flight test)  stage  of 

nuclear  rocket  sys- 
tem. Dry  structure 

wt.,  44,000  lbs.;  total 
wt„  200,000  lbs.; 
propellant  capacity, 
156,000  lbs.;  stage 
dia.,  396  in. 

nucelar  space-power  program  was  evi- 
dent at  the  joint  Atomic  Industrial 

Forum  and  American  Nuclear  Society 
meeting  in  Washington  last  month 
(M/R,  Dec.  3,  p.  13). 

Jerome  G.  Morse,  director  of  Mar- 
tin Marietta  Corp.'s  auxiliary  power 

systems  department,  reportedly  com- 
plained there  are  no  nuclear  space- 

power  systems  now  under  specific  de- velopment for  communications  satellites, 
and  consequently  other  nuclear  power 
systems  must  be  adapted  for  such  use. 

Similarly,  R.  P.  Haviland  of  Gen- 
eral Electric  noted,  "One  of  the  major 

differences  between  (G.  E.'s)  estimates 
and  the  current  nuclear  space-power 

technology  lies  in  the  design  lifetime." 
He  said  that  in  general,  "These  esti- mates indicated  that  the  lifetime  must 

be  appreciably  greater  than  is  con- 
templated by  existing  programs." 

The  AEC  expects  to  use  such  criti- 
cisms as  inputs  to  its  current  SNAP study. 

•  Business  opportunities  —  Many 
hundreds  of  millions  of  dollars  pre- 

sumably are  to  be  spent  in  developing 
nuclear  power  for  space — for  auxiliary 
power  as  well  as  propulsion.  Yet  be- 

cause of  the  large  magnitude  and  severe 
requirements  of  each  of  the  programs, 
the  number  of  procurements  at  a  prime 
contract  level  is  relatively  small. 

More  encouraging  from  a  business 
viewpoint  is  the  number  of  subcontrac- 

tors. As  of  Oct.  15,  there  were  12 
corporate-type  contractors  and  2350 
vendors  in  the  SNAP-2,  8  and  10A 

programs. The  attrition  rate  gives  a  more 
sobering  picture.  Seaborg  pointed  out 
that  at  one  time  there  were  21  com- 

panies in  the  uranium-fuel  fabrication 
business;  17  remain.  There  were  25 
companies  in  the  reactor  manufacturing 

business;  20  remain.  A  few  of  the  com- 
panies still  in  the  atomic  energy  business 

reportedly  are  finding  it  difficult  to 
continue  participation  in  the  present 
market.  Still  other  companies  invested 
fairly  substantial  amounts  to  get  into 
the  nuclear  business,  only  to  find  it 
necessary  to  withdraw  before  they  were 
really  in  it. 

In  this  view,  "I  think  it  is  a  happy 
commentary  that  so  few  companies  have 
withdrawn  from  the  nuclear  business, 
and  of  course  some  of  the  withdrawals 
have  been  for  purposes  of  consolida- 

tion." Nevertheless,  Seaborg  said,  "These 
statistics  contain  a  message  for  those 
who  are  contemplating  entering  this 

exciting  but  expensive  field." 
•  Nuclear  power  uses — A  develop- 

ment area  that  has  received  very  little 
attention  is  the  use  of  nuclear  power 
supplies  for  facilities  on  other  planets. 

Dr.  Edward  C.  Welsh,  executive  sec- 
retary of  the  National  Aeronautics  and 

Space  Council,  in  suggesting  this  use 
said,  "Truly  effective  nuclear  interplan- 

etary transport  .  .  .  will  require  special 
power  stations,  light  in  weight  but  able 
to  supply  the  needs  of  expanding  bases 

on  other  planets." Last  week  the  Army  Corps  of  En- 
gineers received  the  go-ahead  from 

NASA  to  look  into  the  problems  of 
setting  up  a  lunar  base,  and  accordingly 
the  problems  of  recommending  an  ade- 

quate power  supply;  this  conceivably 
would  be  nuclear  power. 

Considering  the  long  lead  times  in 
most  nuclear  developments,  Dr.  Welsh 
said  it  is  not  too  soon  to  start  planning 
for  such  equipment  now.  8 
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Twenty-five  Radiographs 

become  one 

Eastern  Air  Lines  cuts  the  time  and  work  involved 

in  regular  jet  airplane  fuselage  inspection 

In  the  past,  the  regular  radiographic 
inspection  of  an  aircraft  fuselage 
meant  girdling  each  frame  section 
with  twenty-five  or  more  separate 
x-ray  films.  It  meant  attaching  each 
individual  sheet  of  film,  applying 
identifying  markers  and  making  the 
exposure. 

Now,  Eastern  radiographs  each 
frame  with  a  single  strip  of  x-ray  film. 

About  twenty-five  feet  of  Ready 
Pack  Type  M  Kodak  Industrial 
X-ray  Film  is  cut  from  the  roll  and 
wrapped  around  the  fuselage.  One 
x-ray  picture  is  made  of  the  entire 
frame,  on  one  piece  of  film,  and  with 
one  set  of  identification  numbers. 

Every  day  radiography  plays  a  more 
important  part  in  inspection  work. 
It  provides  information  on  internal 
conditions  as  nothing  else  can.  It 
makes  a  record  of  its  findings  for  later 
study.  And  Kodak,  with  its  staff  of 
technical  sales  representatives,  keeps 

pace  with  advancing  times  and  pro- 
vides x-ray  film  of  the  highest  quality 

in  forms  that  facilitate  the  work  of 
the  radiographer. 

If  you  would  like  to  know  how 
radiography  can  serve  you  in  main- 

taining product  quality,  talk  to  an 
x-ray  dealer  or  ask  us  to  have  a 
Kodak  Technical  X-ray  Sales  Rep- 

resentative call. 

^»^==^s«x-ray 
/r"^  film 

\\    'x^ravttube^  If 

Now  a  single  strip  of  film  envelopes  the 
fuselage  to  radiograph  an  aircraft's  frame. 

Now  .  .  .  Ready  Pack  in  Rolls  and  Sheets, 
Kodak  Industrial  X-ray  Film,  Types  AA  and  M 
in  200-ft.  rolls  and  sheets  in  listed  sizes. 

4  No  darkroom  loading — film  sealed  in 
lighttight  envelope. 

♦  Just  place  Ready  Pack  in  position and  expose. 
4  Film  protected  from  dust,  dirt,  light, 

and  moisture. 

♦  In  the  darkroom,  remove  film 
from  envelope  and  process.  i 

EASTMAN  KODAK  COMPANY 

X-Ray  Sales  Division 
Rochester  4,  N.  Y. 
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NOW  FROM  JOHNS-MANVILLE  RESEARCH: 

THERMOMAT  383  FELT 

new  low  density  asbestos-phenolic 

molding  mat  for  efficient  thermal 

protection  of  vital  missile  parts 

•  LIGHTWEIGHT      •  GREATER  PROTECTION 

•  LESS  BULK  •  HIGH  STRENGTH 

joints  and  permits  free  flow  of  the  fiber  during  the 
molding  operation.  Even  in  intricate  configurations, 
non-fillouts  and  resin-rich  areas  are  reduced  to  a  mini- 

mum. Thermomat's  remarkable  draping  ability  saves 
many  man  hours  of  layup  time.  Molded  parts  can  be 
easily  machined  and  finished  into  precision  parts  with 
close  dimensional  tolerances. 

Thermomat  383,  as  delivered  in  felt  form,  is  ideally 
applicable  to  layup  and  low-pressure  vacuum  bag  mold- 

ing. However,  the  versatility  of  the  felt  makes  it  readily 
adaptable  to  pressure  laminating  and  match  die  molding 

when  properly  "B"  staged. 
Based  on  scientific  laboratory  tests,  Thermomat  383 

at  l/3rd  the  thickness  and  at  l/9th  the  weight  of  stand- 
ard asbestos-phenolic  molded  parts  has  the  same  thermal 

shielding  effect  at  310°F  mean  temperature. 
J-M  Thermomat  383  is  supplied  in  uncured  felts  14" 

wide,  approximately  12'  long  and  *4"  thick.  When  stored 
at  temperatures  not  exceeding  40°F  it  has  a  shelf  life of  at  least  six  months. 

Thermomat  is  also  available  in  other  felt  styles  and  in 
tape  form  with  various  properties.  See  your  J-M  Repre- 

sentative for  further  details,  or  write  to  Johns-Manville, 
Box  359,  New  York  16,  N.  Y.  In  Canada :  Port  Credit, 
Ontario.  Cable  address:  Johnmanvil. 

Johns-Manville  ifTi 
THERMOMAT 

Johns-Manville  Thermomat,  an  asbestos-phenolic  mold- 
ing mat,  creates  components  and  parts  that  withstand 

tremendous  heat  and  pressure.  J-M  Thermomat  Style 
383  was  especially  developed  to  provide  exceptionally 
lightweight  thermal  shielding  and  the  high  strength- 
to-weight  ratio  so  desirable  for  such  low  density  molded 
material. 

J-M  Thermomat  Style  383  is  composed  of  an  unbonded 
felt  containing  100%  ASTM  grade  AAAA  long,  ran- 

domly dispersed  chrysotile  asbestos  fiber  and  light- 
weight fillers,  saturated  with  a  phenolic  resin,  conform- 

ing to  military  specification  MIL-R-9299. 
Flexible  before  curing,  the  partially  dried  felt  is  con- 

formable and  allows  convenient  one-man  layups.  Ran- 
dom fiber  dispersion  provides  uniform,  maximum  rein- 

forcement to  the  cured  Thermomat.  The  unique  charac- 
teristic of  the  felt  allows  easy  working  together  of 
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Technical  Countdown 

ELECTRONICS 

First  Liquid  Laser  Tested 
Laser  action  using  nitrobenzene  as  a  liquid  laser  has 

been  achieved  by  Hughes  Research  Laboratories.  Reported 
in  the  current  issue  of  Physical  Review  Letters,  the  laser 

operates  on  a  principle  known  as  stimulated  "Raman" scattering  that  had  been  observed  by  the  Hughes  scientists 
in  benzene  and  six  other  cyclic-organic  liquids.  This  is  be- 

lieved to  be  the  first  involvement  of  Raman  effect  in  laser 
action.  Since  very  high  pumping  energy  is  required,  a  high- 
power  short-pulse  ruby  laser  is  used  as  a  pumping  source. 
The  approach  has  opened  the  door  to  13  new  wavelengths 
from  7430  to  9630  Angstroms  and  offers  the  possibility  of 
whole  new  classes  of  wavelengths  not  previously  obtainable 
with  solid  or  gas  lasers. 

Practical  Computer  Speeds  Raised 

RCA*s  new  microferrite  computer  memory  system, shown  last  week  at  the  Fall  Joint  Computer  Conference  in 
Philadelphia,  will  permit  a  complete  memory  cycle  in  375 
nanoseconds,  developers  say.  This  is  reportedly  the  fastest 
now  available  commercially  (first  deliveries  will  be  made 
this  month).  The  system  is  capable  of  handling  up  to  80 
million  data  bits  per  sec,  but  first  units  will  have  capacities 
from  32-1024  words  with  up  to  72  bits/word — or  a  maxi- 

mum of  73,728  bits. 

Space  Power  System  Proved  Practical 

Feasibility  of  developing  a  4-kw  photovoltaic-cell  elec- 
trical power  supply  for  a  communications  satellite  system 

has  been  demonstrated  analytically  for  the  Air  Force  by 
Westinghouse.  Such  a  system,  say  scientists  at  the  com- 

pany's Aerospace  Electrical  Division,  would  obviate  the need  for  stored  fuels,  and  it  uses  reliable  static  converters 
rather  than  high-speed  rotating  devices.  Solar-oriented  col- 

lector panels  would  be  lined  with  roughly  130,000  cells, 
each  measuring  1x2  cm.  System  weight  is  estimated  to  be 
comparable  to  equivalent-output  nuclear  or  solar-turbogen- 

erator systems. 

ARIS  Data-Recording  Capacity  Big 
The  tracking  systems  aboard  ARIS-1  and  ARIS-2,  first 

of  possibly  10  to  15  Advanced  Range  Instrumentation 
Ships  which  will  extend  present  missile  range  capabilities, 
will  record  up  to  20  million  information  bits  during  a 
2-minute  segment  of  a  missile  test  firing.  The  two  vessels, 
converted  by  Sperry  Rand  Corp.  under  an  $85-million  Air 
Force  contract,  are  scheduled  for  operational  duty  early 
next  year. 

Nearly  Frictionless  Slip  Ring  Available 
Gyro  slip  ring  friction,  long  a  contributor  to  gyroscope 

inaccuracy,  has  been  greatly  reduced  with  a  new  brush- 
oscillating  assembly  developed  by  the  Barden  Corp.  The 
just-patented  device  makes  use  of  the  principle  of  friction 
cancellation  through  oscillation  of  the  contacting  members. 
(Slip  rings  are  required  to  transmit  current  to  the  gyro- 

scope spin  motor.) 

ADVANCED  MATERIALS 

Disappearing  Film  Proposed  for  Space  Structures 
Goodyear  Aircraft  engineers  have  perfected  a  photo- 

lyzable  film  resembling  household  packaging  wrap  but  with 

the  ability  to  disappear  under  the  influence  of  the  ultra- 
violet component  in  the  solar  spectrum.  The  film  could  be 

used  as  a  bladder  to  inflate  space  structures  such  as  passive 
ComSats,  then  would  "evaporate"  leaving  a  rigid  wire  grid. 
These  structures  would  not  be  subject  to  meteoroid  pene- 

tration problems  or  large  surface  changes  due  to  thermal 
variations.  Its  use  in  antennas  would  eliminate  their  effect 
on  the  heat  balance  of  a  space  vehicle. 

Heat-Stable  Plastics  Pushed  by  Du  Pont 

A  series  of  heat-stable  films,  plastic  products,  finishes 
and  fibers  based  on  aromatic  polyimides  is  moving  into 
production  status  at  three  E.  I.  Du  Pont  de  Nemours  &  Co. 
departments — Film,  Plastics,  and  Fabrics  &  Finishes.  The 
polyimides  retain  good  mechanical  and  electrical  properties 
over  a  temperature  range  from  —310°  to  650 °F,  and  are 
among  the  most  fire-resistant  organic  polymers.  One  polyi- 
mide  resin  in  the  family  maintained  its  tensile  strength  after 
1000  hrs.  at  572°F.  The  company  says  its  resistance  to 
chemical  degradation  by  radiation  is  outstanding  for  an 
organic  polymer. 

Junk  Damage  Feared  in  Titan  Silo  Launches 

Foreign  objects- — nuts,  screws,  washers,  bits  of  wire  and 
an  occasional  tool — behind  acoustic  liner  baskets  in  some 
Titan  silos  are  causing  some  concern.  Program  personnel 
fear  possible  damage  to  a  missile  during  launch  if  the  bits 
and  pieces  are  stirred  up  by  the  high  velocity  exhaust 
stream.  Liner  baskets  may  have  to  be  removed  to  clean 
the  areas,  a  time-consuming  and  fairly  costly  undertaking. 

Glass/Phenolic  Said  to  be  30%  Stronger 

A  glass-reinforced  phenolic  molding  compound,  Scotch- 
ply  XP-227 — with  a  flexural  strength  of  45,000  psi  and 
a  tensile  strength  of  21,000  psi — is  out  of  development  at 
Minnesota  Mining  &  Mfg.  Co.  The  compound  has  a  flexural 
modulus  of  3.67  x  10°  psi  and  an  Izod  Impact  of  27  ft. 
lbs./in.  notch.  Composed  of  random  fibers,  3M  says  the 
phenolic  composite  has  improved  flow  and  molding  char- 

acteristics, and  may  offer  cost  savings  through  elimination 
of  layup  time.  High  temperature  retention  of  tensile  strength 
is  38%  when  exposed  to  600 °F  for  30  min. 

Molybdenum  Forging  Billets  Improved 

Close  control  of  melting  stock  and  stepped-up  quality 
control  in  melting  at  Climax  Molybdenum  is  resulting  in 
molybdenum  ingots  of  wholly  deoxidized  workable  mate- 

rial with  a  maximum  of  0.005%  carbon  content.  These  low 
carbon  contents  increase  ductility  of  the  moly,  which  im- 

proves forgeability.  Forgings  made  from  such  material  have 
significantly  higher  toughness  than  parts  forged  from  higher 
carbon  content  moly. 

New  York  To  Get  Test  Reactor 

With  industry  backing  now  firm,  officials  of  the  New 
York  State  Office  of  Atomic  Development  are  moving  ahead 
with  plans  to  set  up  a  nuclear  test  and  research  facility  in 
the  Empire  State.  (M/R,  June  18,  p.  36.)  The  center  will 
house  the  only  advanced  pulse  reactor  in  the  northeast,  and 
should  prove  a  blessing  to  electronic  firms  in  the  area  who 
presently  tote  equipment  across  the  U.S.  for  burst  radiation 
tests.  A  reactor,  probably  similar  to  the  one  at  Oak  Ridge, 
will  be  built  though  no  contract  has  been  announced  and 
site  choice  problems  still  exist. 
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PRODUCTION  ENERCON  unit  at  right  EARLY  EXPERIMENTAL  model  of  Enercon  motor  had  the 

has  same  output  potential  as  its  convert-  wedge-roller  motion-translation  component  as  an  integral  part 
tional  counterpart   at   left.    Two  models  of  the  output  shaft,  hut  without  the  seating  sections  cut  into 
weigh  1.25  lbs.  and  0.75  lbs.,  respectively.  the  oscillator  shown  in  center. 

Motor  Promises  Space  Breakthroughs 

Alternating  current  device  is  80%  smaller,  50%  lighter 

than  conventional  units  that  employ  gear-down  techniques 

A  DIRECT-DRIVE,  low-speed, 
rotary-motion  electric  motor  —  up  to 
80%  smaller  and  50%  lighter  than  con- 

ventional units  using  gear-down  devices 
—is  in  production  at  Energy  Conversion 
Systems  Corp. 

In  space  applications,  the  a-c  motor 
will  permit  substantial  weight  and  size 
reductions  stemming  from  elimination 
of  the  gear  train  and  clutch-brake  de- 

vices. Further,  the  system  is  capable  of 
extremely  accurate,  repetitive,  prede- 

termined motion.  Because  of  the  rela- 
tively low  speed  of  the  few  moving 

parts,  little  or  no  lubrication  is  required. 
While  the  design  is  applicable  to 

both  larger  and  smaller  units,  only  two 
motor  series  of  three  models  each  are 
in  initial  production.  These  operate  in 
the  fractional  horsepower  range  at 
speeds  from  fractional  rpm  up  to  a  pres- 

ent limit  of  30  rpm.  Torque  ratings 
range  up  to  80  in. -lbs. 

The  Enercon  motor — based  on  os- 
cillating motion  but  with  a  completely 

new  approach  to  the  utilization  of  this 
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by  John  F.  Judge 

energy — was  designed  by  James  S.  Neal, 
vice  president  of  Energy  Conversion 
Systems  Corp. 

Most  of  the  design  advantages  flow 
from  the  direct  drive  ability  of  the 
motor  and  include: 

—Accurate  detent  within  5  min.  of arc. 

—Wear  factors  at  least  equal  to  con- 
ventional systems  and  up  to  10  times 

greater  in  some  applications. 
—Efficiency  of  about  85%. 
—Forward,  reverse  or  even  alter- 

nating rotation  with  both  speed  and 
direction  set  or  adjustable  by  manual  or 
automatic  methods. 

In  addition,  company  executives  say 
the  Enercon  concept  will  result  in  sav- 

ings from  10  to  50%  over  conventional 
motors  in  every  application  investigated 
— and  these  range  from  missile/ space 
through  kitchen  appliances.  A  market 
survey  run  by  the  company  indicates 
an  immediate  sales  potential  of  $50 
million  annually,  with  a  long-range  po- 

tential several  times  this  figure. 

•  Alternating  Power  Source  —  En- 
ercon has  two  major  design  innovations 

that  overcome  the  limitations  of  electric 
motors  based  on  the  oscillating  prin- 

ciple. The  approach  greatly  increases 
available  power  and  completely  elim- 

inates the  problem  of  translating  os- 
cillating motion  into  rotary  motion. 

Oscillating  motion  is  produced  by 
two  magnetic  fields  in  direct  opposition. 
The  power  system  consists  of  two  mag- 

nets. One  is  a  permanently  polarized 
ceramic  while  the  other,  an  electro- 

magnet, changes  polarity  with  reversal of  electric  current  direction. 
The  forces  of  attraction  and  repul- 

sion are  used  to  generate  a  power  stroke 
with  each  oscillation  through  a  cam- 
and-wedge  device  to  a  shaft  (see  box). 
Wedging  chambers  can  be  cut  to  supply 
motion  in  either  or  both  directions. 

Rotation  speed  is  controlled  by  limit- 
ing the  amount  of  oscillator  travel.  Sev- 
eral modes  of  control  are  possible.  An 

Enercon  unit  can  be  factory  or  cus- 
tomer pre-set  for  a  desired  rotational 
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speed  or  adjusted  manually  to  any  speed 
within  its  range. 

Speed  can  also  be  changed  by  auto- 
matic means  or  varied  continuously 

throughout  its  range.  Models  are  avail- 
able with  programers  that  allow  settings 

for  stops  and  starts  at  multiple  points 
around  the  circle  of  rotation  within  5 
min.  of  arc  accuracy. 

The  bearing  points  of  the  rollers 
against  both  shaft  and  wedge  chamber 
constitute  the  only  wear  areas — service 
life  then  depends  on  the  hardness  of  the 
materials  selected  for  these  surfaces. 
Extended  operation  is  possible  without 
lubrication. 

The  present  upper  limit  for  single 
motors  is  at  about  1  hp.,  but  higher 
ratings  can  be  achieved  through  ganged 
power  units  on  a  common  shaft.  (Os- 

cillator travel  ranges  from  0  to  0.030 
in.  with  full  torque  instantly  available. 

Patent  applications  have  been  made 

on  the  development. 
Enercon  has  three  specific  disadvan- 

tages in  space  applications,  says  Neal. 
There  is  no  inertia  and  sometimes  this 
is  desirable.  Secondly,  extreme  vibration 
has  a  detrimental  effect,  although  the 
motor  can  be  insulated.  But  Neal  says 
the  vibration  threshold  is  beyond  that 
of  comparable  conventional  units. 

The  third  disadvantage  is  associated 
w  ith  the  alternating  current  requirement 
— there  may  be  situations  where  it  is 
not  available.  Minor  limitations  may 
crop  up  in  the  inverter  or  any  other 
component  used  to  convert  direct  cur- 

rent to  alternating  current.  The  Enercon 
is  frequency  sensitive.  Drastic  voltage 
changes  also  affect  its  speed. 

Like  all  electric  motors,  the  Ener- 
con needs  a  constant  power  supply. 
Besides  the  17°  wedge-angle,  the 

other  major  contribution  to  the  success 
of  the  Enercon  principle  is  the  ceramic 

magnet.  It  is  completely  without  perme- 
ability and  functions  in  a  magnetic  field 

without  being  de-magnetized.  A  foreign 
field  would  have  to  be  several  orders  of 
magnitude  more  than  those  planned  to 
even  cause  a  reversal  of  polarity  in  the 
ferrite  magnet. 

Neal  says  his  firm  is  capable  of 
handling  special  motors  for  space  appli- 

cations, but  each  case  would  have  to  be 
negotiated.  While  the  motor  itself  may 
be  extremely  simple,  major  specification 
changes,  such  as  repeatability  within 
five  seconds  of  arc,  would  involve  a 
considerable  amount  of  engineering. 

But  Neal  is  confident  there  are  many 
applications  where  only  a  minor  modifi- 

cation is  needed — bringing  the  motor 
cost  down  to  its  commercial  figure  or 
just  slightly  higher.  Close  control  of 
tolerances  is  necessary,  whether  the 
Enercon  unit  is  to  power  a  can  opener 
or  function  in  orbit.  it 

How  Enercon  Motor  Works 

ENERCON'S  direct-drive,  low- 
speed  rotary  motion  is  produced  through 
oscillations  generated  by  opposing  mag- 

netic fields.  The  one-piece  metal  oscilla- 
tor surrounds  and  imparts  motion  to  the 

shaft  at  left.  Its  energy  pickup  is  in 
the  E-shaped  configuration  at  its  right 
end. 

A  coil,  connected  to  60-cycle,  110- 
volt  a-c  current,  is  wound  around  the 
center  pole  of  the  E-shaped  oscillator — 
creating  an  electromagnet  when  current 
is  applied.  Since  the  current  is  alternat- 

ing, the  polarity  of  the  electromagnet 
reverses  60  times  per  second. 

The  poles  of  a  permanently  polar- 
ized ferrite  magnet  fit  into  the  oscillator 

pole  gaps,  creating  four  sets  of  w-orking 
pole  faces.  For  purposes  of  explanation, 
assume  the  ferrite  magnet  is  positive  at 
its  top  pole  in  the  drawing  and  negative 
at  the  bottom. 

With  current  flowing  through  the 
electromagnet  in  one  direction,  the 
upper  arm  would  be  positive,  the  center 
arm  negative  and  the  lower  arm  positive. 
The  forces  of  attraction  and  repulsion  so 
created  would  cause  oscillator  motion  in 
a  counter  clockwise  direction — assum- 

ing the  shaft  center  at  left  is  a  fixed 
point.  Reversing  the  polarity  of  the  E- 
magnet  occurs  upon  current  reversal 
and  creates  clockwise  oscillator  motion. 

The  snubber  springs  and  adjustment 
wedges  illustrated  control  the  amount 
of  oscillation,  and  hence  the  speed  of 
rotation. 

Transmission  of  motion  occurs  where 
the  oscillator  surrounds  the  shaft.  Three 
wedge  chambers  are  cut  into  the  metal 
oscillator  with  a  17°  wedge  angle.  Roll- 

ers that  bear  against  the  shaft  are  in- 
serted into  the  wedge  chambers  to- 
gether with  roller  springs  that  bear 

against  both  the  rollers  and  one  face  of 
the  wedging  chamber. 

As  the  oscillator  moves  clockwise, 
the  rollers  are  wedged  against  the  shaft, 
imparting  minute  increments  of  motion 
to  the  shaft.  Counter-clockwise  motion 
releases  the  wedging  pressure  and  the 
rollers  are  returned  to  the  bite  position 
by  the  springs. 

A  similar  set  of  wedge  chambers 
and  rollers  is  built  into  one  side-plate 
or  one  side  of  the  case.  This  configura- 

tion is  not  displayed  in  the  side  view 
below,  but  takes  advantage  of  the  sec- 

ond driving  mechanism  resulting  from 
the  slight  motion  generated  by  oscilla- 

tion of  the  case  and  oscillator  with  re- 

spect to  each  other. 
Thus  the  wedge-roller  system  in  the 

case  or  side  plate  imparts  another  in- 
crement of  motion  to  the  shaft  while 

the  oscillator  wedge-roller  combination 
is  in  the  release  position. 

Since  the  order  of  motion  is  only 
a  few  thousandths  of  an  inch,  the  double 
power  impulse  with  each  complete  os- 

cillation will  be  present  except  in  ex- 
tremely rigid  mounting  e.g.,  the  Enercon 

case  welded  to  another  structure.  In  this 
mounting  situation,  the  side  plate  wedge- 
roller  system  acts  as  a  brake  to  hold 
the  shaft  for  the  next  oscillator  power 

impulse. But  almost  all  the  mounting  means 
envisioned  in  foreseeable  applications 
will  permit  the  extremely  small — but 
significant  case  movement.  it 

ROLLER  SPRINCS 

SIDE  VIEW  of  Enercon  production  unit. 

missiles  and  rockets,  December  10,  1962 29 



management 

LEM  Award  Caps  Long  Grumman  Drive 

Management  team  takes  shape;  no  new  facilities  buildup  seen; 

a  review  cf  the  company's  three-year  push  for  an  Apollo  contract 

by  Michael  Getler 

Bethpage,  L.I.,  N.Y. — Grumman 
Aircraft  Engineering  Corp.  is  now  em- 

barking on  what  must  rank  as  one  of 
the  most  dynamic  programs  in  the  U.S. 
lunar  effort — design  and  development 
of  the  vehicle  in  which  American  astro- 

nauts will  actually  land  on  the  Moon. 
Though  some  aspects  of  Project 

Apollo  call  for  larger  funding,  and 
though  complete  success  of  the  mis- 

sion cannot  be  achieved  without  per- 
fect performance  from  all  dependent 

systems,  the  fact  that  a  Grumman-built 
vehicle  may  touch  man  down  on  the 
lunar  surface  for  the  first  time  has  had 
a  tremendous  impact  on  all  Grumman 
employees. 

In  the  president's  chair  at  Grum- 
man, 57-year-old  E.  Clinton  Towl 

points  to  his  rank-and-file  worker  as 
the  major  factor  in  the  firm's  successful 
pursuit  of  NASA's  estimated  $350- million  contract  for  the  Lunar  Excur- 

sion Module.  (Overall  average  length  of 
employment  at  Grumman  is  10  years, 
company  officials  note,  a  figure  far 
beyond  the  aerospace  industry  average. ) 

However,  Towl,  who  has  been  with 
Grumman  since  the  company  was 
founded  in  1930,  feels  that  the  LEM 
award — while  inherently  bold  in  con- 

cept— signals  a  degree  of  caution  and 

conservatism  at  this  point. 
Commenting  on  the  plaudits  which 

have  come  to  Grumman  in  the  early 
rush  of  enthusiasm  since  the  firm  won 
the  stiff  industry  competition,  Towl 
cautions:  "Don't  congratulate  us  now. 
Come  and  see  me  in  5-6  years,  after 
we've  got  those  men  to  the  Moon  and 
back  safely.  Then  I'll  be  glad  to  shake 

hands." 
Towl,  late  in  November,  headed  a 

60-man  technical  and  administrative 

team  which  left  Bethpage  for  NASA's Manned  Spacecraft  Center  at  Houston 
to  negotiate  final  details  on  the  LEM 
contract.  Signing  is  expected  later  this month. 

Commenting  on  reports  that  the  fig- 
ure may  be  significantly  beyond  the 

original  $350-million  estimate,  Towl 
said  only  that  this  would  have  to  in- 

volve a  change  in  the  scope  of  the 
contract.  First  subcontract  awards  are 
expected  shortly  after  the  first  of  the 
year,  when  the  major  development 
effort  is  to  get  under  way. 

Though  no  subcontractors  have  yet 
been  named,  there  is  wide  speculation 
that  RCA-Princeton,  a  collaborator 
with  Grumman  on  guidance  portions 
of  the  LEM  proposal,  may  wind  up 
with  a  contract   to   build   the  MIT- 

GRUMMAN  ARTISTS  concept,  newly 
taking  off  from  Moon  after  two-man  crew 
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released,  shows  Lunar  Excursion  Module 
■  has  completed  its  historic  mission. 

designed  system  (M/R,  Nov.  12,  p.  12.) 
It  is  also  reported  that  competition  for 
the  LEM  propulsion  system  is  now 
somewhat  more  broadly  based  than 
earlier  reports  indicated. 

•  Space  drive — The  Grumman  suc- 
cess on  LEM  has  climaxed  an  orderly 

march  towards  prominence  in  space. 
The  company  hopes  that  in  the  long 
run  this  will  equal  the  prominence 
achieved  by  the  firm  in  the  aircraft industry. 

Grumman  began  collecting  talent 
and  funding  company  studies  on  space 

in  the  early  1950's.  In  the  past  4-5 years,  a  company  spokesman  says,  the 
firm  has  plowed  more  than  $13.5  mil- 

lion into  its  expanding  in-house  space 
facilities. 

In  1961,  Grumman  opened  a  $5- 
million,  65,000-sq.-ft.  electronic  sys- 

tems center,  which  in  addition  to  several 
laboratories  houses  the  largest  indoor 
RF  anechoic  chamber  in  the  U.S.  Also 

in  '61,  mostly  in  support  of  the  firm's efforts  on  the  Orbiting  Astronomical 
Observatory  (M/R,  Dec.  4,  '61,  p.  16), 
Grumman  added  a  40-ft.-dia.  centri- 

fuge rated  at  80,000  g-lbs.,  a  17  by  26 
ft.  high-vacuum  environmental  cham- 

ber capable  of  10~ 7  mm  Hg  levels,  a 
30,000-lb.  electrodynamic  shaker,  and 
a  temperature-  and  humidity-controlled 
clean  room  large  enough  to  handle 
completely  assembled  models  of  the 

spacecraft. Early  in  1962,  Grumman  put  into 
operation  a  $150,000  stabilization  and 
control  dynamic  test  facility,  developed 
initially  to  support  the  effort  on  the 
highly  sensitive  OAO  stabilization  and 
control  system.  Included  in  this  area 
is  what  is  reported  to  be  the  largest 
3-axis  air-bearing  spatial  simulator. 

Next  month  portions  of  the  new 
S5-miIlion  space  engineering  center  will 
be  available  for  first  elements  of  the 
LEM  engineering  team.  The  entire 
210,000-sq.-ft.  building  is  expected  to 
be  completed  in  May. 

•  Facilities  available — The  net  ef- 
fect of  this  corporate  planning  for 

space,  Towl  told  M/R,  is  that  no  new 
test    or    fabrication    facilities  beyond 
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"Shake  my  hand  in  5-6  years  .  .  ." 

those  already  available  or  soon-to-be 
at  hand  will  be  required  by  the  firm 
to  handle  LEM. 

One  exception,  according  to  Grum- 
man sources,  may  be  additional  en- 

vironmental test  chambers.  It  is  not 
yet  clear  whether  the  firm  will  build 
a  vacuum  chamber  even  larger  than 
the  one  designed  to  house  OAO,  or 
whether  it  will  use  facilities  existing 
elsewhere  for  the  space  simulation 
trials. 

The  award  to  the  firm  of  a  major 
portion  of  the  interservice  TFX  air- 

craft contract,  close  on  the  heels  of 
the  LEM  award,  also  is  not  expected 
to  pose  any  facilities  bottleneck.  Pre- 

sumably this  was  looked  into  by  DOD 
prior  to  making  the  award.  Pending 
completion  of  negotiations,  officials  are 
making  no  estimates  as  to  when  TFX 
will  move  into  a  concerted  develop- 

ment effort  at  the  plant. 
Signing  of  the  LEM  contract  this 

month  will  bring  Grumman's  share  of 
major  space  awards  to  an  aggregate 
approaching  $0.4  billion.  On  an  annual 
basis,  the  space  contracts — OAO  and 
LEM — should  lift  the  company's  level 
of  income  from  space  projects  to  about 
20%  of  gross  annual  sales  for  the  near 
future.  Some  observers  believe  the  OAO 
contract,  now  valued  at  about  $30 
million,  may  have  a  significant  growth 
potential. 

TFX  monies  will  certainly  affect 
this  figure,  although  the  timing  is  still 
difficult  to  predict.  The  remaining  in- 

come is  almost  entirely  from  military 
and  civilian  aircraft  sales  and  a  grow- 

ing hydrofoil  development  effort. 
Until  its  success  with  LEM,  Grum- 

man's award  late  in  1960  for  the 
OAO  represented  the  only  big  space 
award  which  had  come  to  rest  in  this 
highly  concentrated  industrial  area. 
The  claimed  neglect  of  Long  Island 
was  the  cause  for  much  clamor,  par- 

ticularly in  recent  months,  by  local 
congressmen,  businessmen,  politicians, 
and  financial  interests. 

A  move  has  been  under  way  here 
for  more  than  a  year — with  sponsor- 

ship from  more  than  one  organization 
— to  set  up  some  sort  of  group  in 
Washington  to  more  effectively  present 
the  area's  capabilities.  Cooperation 
among  the  major  primes  and  the  more 
than  50  major  subcontractors  in  this 
area  would  be  essential. 

Some  observers  believe  the  high 
expenses  needed  to  do  an  effective 
job,  plus  the  uncertain  benefits  to  con- 

tributing firms,  may  prove  to  be  insur- 
mountable problems  in  launching  the 

enterprise. 
However,  these  plans  are  still  in  the 

works  and  opinion  varies  as  to  the 
effect  of  the  individual  Grumman  suc- 

cess, both  with  LEM  and  TFX.  Some 
feel  it  will  speed  the  project  along, 
others  believe  it  will  throw  a  damper 
of  contentment  on  the  area.  Long 
Island  industry  leaders  expect  some 
action  to  unfold  here  within  the  next 
few  months. 

•  3-year  drive  —  Grumman's  effort 
on  LEM  caps  a  three-year  drive,  cost- 

ing about  $2  milhon,  which  the  firm 
has  made  to  secure  a  chunk  of  Apollo. 
Though  unsuccessful  in  its  bid  on  the 

Apollo  command  module  last  Novem- 
ber (Grumman  was  major  subcontrac- 
tor to  GE  on  a  joint  proposal),  the 

firm  showed  early  recognition  of  other 
possible  approaches  to  the  lunar  land- 

ing, proposing  lunar-orbit-rendezvous 
using  a  LEM-type  vehicle  as  one  of 
the  alternates. 

By  the  time  NASA  made  the  de- 
cision to  go  that  route  last  July,  Grum- 

man had  already  gained  valuable  experi- 
ence in  development  of  the  excursion 

module,  for  which  it  had  not  given  up 
hope.  Once  the  competition  was  an- 

nounced, Towl  asserts  "We  made  up 
our  mind  that  we  were  going  to  win  it, 
and  conducted  ourselves  accordingly." 

Shortly  after  the  first  of  the  year, 
Grumman  plans  to  begin  the  gradual 
build-up  in  personnel  on  LEM.  This 
will  probably  take  about  Wz  years  and 
include  hiring  of  about  600  new  per- 

sons, nearly  all  technical  types.  Towl 
says  no  new  management  hiring  is 
contemplated. 

Though  the  program  was  still 
young,  the  LEM  management  team 
took  shape  rapidly.  The  same  men 
charged  with  key  roles  in  the  proposal 
effort  (M/R,  Nov.  12,  p.  12)  occupy 
top  berths  in  the  development  program. 
Riding  herd  on  the  operation  from 
the  front  office  will  be  William  T. 
Schwendler,  chairman  of  Grumman's 
executive  committee  and  Towl's  busi- 

ness associate  for  more  than  30  years. 
Organized  on  a  project  basis,  as  are 

all  Grumman  programs,  LEM  will  first 
fall  within  the  province  of  Space  Pro- 

grams Director  Joseph  G.  Gavin,  Jr. 
(16  years  with  Grumman).  He  will 
report  directly  to  Schwendler.  Support- 

ing Gavin,  who  led  the  firm  to  second 
place  behind  McDonnell  Aircraft  Corp. 
in  the  Project  Mercury  competition, 
will  be  LEM  program  manager  Robert 
S.  Mullaney  (17  years  with  the  firm). 
Engineering  manager  will  be  20-year 
man  William  Rathke.  Thomas  J.  Kelly, 
director  of  the  firm's  technical  studies 
on  the  Apollo  mission  since  April, 
1960,  has  been  named  project  engineer. 
Kelly  has  been  with  Grumman  for  8 

years. 

In  a  post-LEM,  pre-TFX  interview, 

Towl  said  "the  chances  of  us  winning 
another  major  space  contract  in  the 
next  six  months  are  slim."  However, 
Grumman  engineers,  in  addition  to 
those  from  Space  Technology  Labora- 

tories and  Northrop  Corp.,  will  soon 
present  results  of  a  NASA-funded 
study  of  a  multiple-payload  Lunar  Lo- 

gistics Vehicle  (LLV).  If  a  go-ahead 
is  given  on  LLV  development  some- 

time next  year,  a  contract  could  run 
to  $150  million.  Some  observers  be- 

lieve Grumman's  chances  of  a  systems 
management  contract  in  this  area  are 
diminished,  but  they  hold  out  the  pos- 

sibility of  hardware  contracts  for  por- 
tions of  the  payload. 

There  are  also  reports  that  NASA  is 
considering  use  of  the  LEM  vehicle  to 
replace  LLV  as  a  means  to  drop  equip- 

ment on  the  Moon  before  the  Apollo 
landing  (M/R,  Nov.  26,  p.  61).  « 

TOWL'S  TEAM  (left  to  right):  Space  Programs  Director  Gavin,  LEM  Program  Manager 
Mullaney,  Engineering  Manager  Rathke;  and  Project  Engineer  Kelly. 
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Chemical,  Mechanical,  Aeronautical,  Electronic 
Engineers/Chemists/Physicists/Mathematicians 
At  ALLEGANY  BALLISTICS  LABORATORY,  operated  by 
Hercules  Powder  Company  for  the  Navy  since  1945, 
wide  ranging  R&D  programs  are  aimed  at  advancing 
the  state  of  the  art  in  all  phases  of  rocketry,  to  meet 
the  need  for  hotter  propellants  and  a  new  order  of 
precision  in  guidance  and  control.  □  This  is  a  stimu- 

lating, interdisciplinary  effort.  The  scientist  and  Engi- 
neer at  ABL  works  in  close  collaboration  with  specialists 

in  many  other  fields,  in  an  invigorating  atmosphere  of 
success.  Past  achievements  include:  Deacon,  Talos, 
Terrier,  Nike  rockets  and  boosters;  last  stage  motors 
for  Polaris  A-2  and  A-3;  the  ALTAI R  motor,  which  has 
furnished  critical  upper  stage  propulsion  for  over  50 
successful  launchings  of  satellites,  space  probes  and 
test  vehicles.  □  Previous  rocket  experience  is  not  essen- 

tial for  many  of  these  positions.  Demonstrated  capa- 
bility in  your  discipline  is  the  prime  criterion  for  an 

assignment  in  one  of  the  areas  below. 

QUEST, 

for  a  newof?efof 

THRUST &O0^TROL 

ADVANCED  DESIGN  RESEARCH  (BS, 
MS,  PhD).  Studies  for  advanced  rocket 
systems  to  establish  system  concepts  and 
optimize  preliminary  design  criteria. 
MECHANICAL  DESIGN  RESEARCH 
(BS,  MS,  PhD).  Of  materials  behavior,  ex- haust gas  control,  insulation.  Hardware 
feasibility  studies  for  future  systems. 
DESIGN  AND  DEVELOPMENT  (BS,  MS). 
Of  complete  rocket  motors,  including  pres- sure vessels,  nozzles,  all  accessories.  Ex- 

perience in  fluid  flow,  stress  analysis,  heat transfer,  and  mechanics  desirable. 
COMBUSTION  RESEARCH  (MS,  PhD). 
Theoretical  and  applied  studies  of  com- bustion process  in  rocket  chamber  under 
firing  conditions. 
GAS  DYNAMICS  (MS,  PhD).  Analytical 
and  experimental  studies  of  particle  flow, 
nozzle  efficiency,  altitude  performance 
parameters,  thrust  magnitude  and  vector control. 
PROPELLANT  RESEARCH  (MS,  PhD). 
Theoretical  and  experimental  investigations 
of  propellant  detonability,  bonding  charac- 

teristics, propellant  formulation,  morphol- 
ogy and  rheology  of  filled  solid  polymers and  slurries,  stress  analysis. 

STRESS  ANALYSIS  (BS,  MS,  PhD).  Anal 
ysis  of  filament-wound  pressure  vessels and  rocket  motor  components. Write  in  confidence  to:  Mr.  W.  D.  Linkenhoker,  Dept.  3M-2 

ENGINEERING  SPECIALISTS  (BS,  MS, 
PhD).  8-10  years  experience;  analysis,  heat 
transfer,  systems  analysis,  missile  ballis- tics, internal  rocket  ballistics,  insulation, 
fluid  dynamics. 
INSTRUMENTATION  (BS,  MS).  Design and  develop  instrumentation  to  obtain  data 
from  static  firing  tests,  entire  cycle  from 
sensing  devices  on  motor  to  data  collecting mechanisms.  Design  and  develop  process 
instrumentation  for  production  of  propel- lants and  component  chemicals. 
PROCESS  ENGINEERING  (BS,  MS).  De sign  improved  material  handling,  molding, 
tooling  and  process  equipment  for  propel- lant and  rocket  manufacturing. 
TEST  ENGINEERING  (BS,  MS).  Build and  analyze  static  firing  test  stands  and 
associated  hardware.  Recommend  range 
handling  and  operating  equipment  includ- ing environmental  test. 
ACOUSTICAL  PHYSICS  (MS,  PhD).  Ana- lyze  behavior  of  burning  rockets  under various  acoustical  phenomena. 
DATA  REDUCTION  (BS,  MS).  Prepare calculation  systems  for  programming  com- plex data  into  IBM  7074  computer. 
STATISTICS  (MS,  PhD).  Apply  statistical 
methods  to  quality  control,  reliability,  re- search test  procedures  and  analyses  of test  data. 

FOR  BUREAU  OF  NAVAL  WEAPONS 
CUMBERLAND,  MARYLAND 

The  Nation's  Foremost  Rocket  Research  Laboratory 
All  qualified  applicants  will  receive  consideration  for  employment  without  regard  to  race,  creed,  color  or  national  origin. 
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A  Message  to  the  Engineer/Scientist  Community  At 

Large  — and  a  Question:  there's  a  dynamic  technological 
race  going  on  at  the  Atlantic  Missile  Range,  a  race  between 
the  fast-increasing  capabilities  of  new  missiles  and  space  ve- 

hicles and  the  capacity  of  range  instrumentation  to  test  their 
performance.  □  We  wonder  how  much  you  have  heard 
about  this.  ...and  about  the  challenge  it  offers  engineers 
and  scientists  with  PAX  AM  at  Cape  Canaveral?  □  You 
may  know  a  small  segment  of  the  work . . .  many  do.  But 
onlv  a  handful  are  aware  of  its  scope.  In  fact,  we  of  PAN 

AM"S  Guided  Missiles  Range  Division  sometimes  think 
that  only  the  ubiquitous  sea- 

gulls know  the  full  story  of 
the  new  range  instrumenta- 

tion technology  we've  created 
in  the  9  years  we've  been 
charged  with  development 
and  management  responsibil- 

ities for  AMR  by  the  U.S.  Air 
Force.  □  The  measure  of 

the  distance  we've  come  is  the 
measure  of  the  technological 
jump  between  MATADOR 
and  MARINER.  □  In  the 
simplest  terms,  this  has  meant 
acquiring  ever  greater  funds 
of  data,  of  ever  higher  accu- 

racy, at  ever  greater  distances 
—  and  converting  and  trans- 

mitting it  at  ever  increasing 
speeds.  □  first,  the  exist- 

ing range  instrumentation 
and  communications  tech- 

niques were  pushed  to  the 
utmost  bounds  of  their  capac- 

ities—then  they  were  re- 
placed with  new  range 

systems  built  to  new  concepts, 
as  specified  by  PAN  AM 
engineers  and  scientists 
backed  bv  research  groups.  □  Today  — a  new  phase  oj 
range  technology  development  is  under  ivay— staff  build-up 
is  proceeding  on  schedule.  □  To  meet  the  demanding 
requirements  of  both  today  and  tomorrow,  much  of  the 
work  of  the  Range  is  divided  into  three  time  projections: 

(A)  designing  and  implementing  range  instrumentation  for 
launches  programmed  for  this  year  and  next; 

(B)  developing  range  technology  concepts  required  fori 
launches  in  the  near  future  (  Dyna-Soar,  Gemini.  Apollo  | 
test  vehicles,  advanced  Saturn  boosters  and  Nova)  ; 

QUIETLY. 

GUIDED  MISSILES  RANGE  DIVISION 

PATRICK  AIR  FORCE  BASE,  FLORIDA 

I  (C)  advanced  planning,  looking  forward  as  much  as  15 
years.  Includes  considering  such  problems  as  how  to  serv- 

ice, launch,  track  and  recover  information  from  multi- 
lillion  pound  thrust  booster  systems  and  anticipating  the 

I  problems  associated  with  the  launching  and  support  of 
nuclear  propelled  boosters  and  spacecraft. 

[OPPORTUNITIES  are  open  right  now  to  join  Pan  Am 
in  developing  range  test  systems  of  hemispheric, 
global  and  celestial  scope.  □  □  SYSTEMS  ENGINEERS 
EE.  Phvsicist  — capable  of  accepting  project  responsibility 

for  design  of  range  instrumen- 
tation systems,  monitoring 

systems  development,  installa- 
tion and  acceptance.  ( Must 

also  be  adept  at  liaison.) 

Background  in  one  of  the  fol- 
lowing areas  is  essential: 

Pulse  radar.  CW  techniques, 

telemetry,  infrared,  data  han- 
dling, communications,  closed 

circuit  TV.  frequency  analy- 
sis, command  control,  com- 

mand guidance,  underwater 

sound,  timing  □  INSTRU- MENTATION PLANNING 
ENGINEERS    EE.  Physicist 
—  with  managerial  capacities, 

to  accept  responsibility  for 

specific  global  range  instru- 
mentation concepts.  Must  be 

able  to  comprehend  overall 

range  instrumentation  con- 
cepts and  have  extensive 

experience  in  one  of  the  fol- 
lowing areas:  radar,  tele- 

metry, infrared,  optics,  data 
handling,  communications, 
underwater  sound,  shipboard 
instrumentation  □ 

SENIOR  ENGINEERS  &  SCIENTISTS  /  FORWARD 

PLANNING     PhD's,  Math.,  Physics,  Applied  Mechanics, 
Astronomy,  Electronics  —  to  evaluate  and  project  the  state- 
of-the-art  in  all  applications  to  range  instrumentation.  Help 
establish  both  theoretical  and  practical  limitations  of  exist- 

ing relevant  technologies.   □   In  addition  to  all  the  un- 
common professional  values,  you  get  Florida,  too !  Those 

who  enjoy  casual,  year-round,  outdoor  living  are  in  their 
element  at  the  Cape,  where  a  majority  of  engineers  and 
scientists  live  and  play  near  the  water.  Consider  too  that 
PAN  AM  gives  you  a  90%  world-wide  air  travel  discount. 

W  hy  not  write  us  today,  describing 
your  interests  and  qualifications  in 
any  of  the  areas  above.  Address 
Dr.  Charles  Carroll.  Pan  American 
World  Airways.  Inc..  P.  0.  Box 
4336,  Patrick  Air  Force  Base,  Fla. 
An  Equal  Opportunity  Employer. 

a  whole 
new  range 
technology 

has 

been 
created 
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space  support 

Motion  Pictures  Capture  Atlas  Staging 

RECENT  FLIGHT  from  Cape 
Canaveral  of  four  high-speed  motion 
picture  cameras  aboard  an  Atlas  F  pro- 

duced footage  including  the  two  frames 
at  left.  The  cameras  recorded  in  slow 
motion  on  color  film  exact  details  of 
Atlas  liftoff  and  staging. 

Though  motion  picture  cameras 
have  been  carried  aloft  previously  in 
Atlas  nose  cones,  the  current  program 
marks  the  first  time  onboard  cameras 
have  recorded  details  of  actual  Atlas 
staging. 

The  top  left  photo,  taken  at  50-mile 
altitude,  shows  separation  of  the  booster 
section  from  the  Atlas.  The  two-engine 
section,  just  jettisoned,  is  still  within  the 
flame  pattern  of  the  remaining  sustainer 
engine. 

In  the  lower  left  picture,  the  booster 
section  is  clearly  discernible  as  it  plum- 

mets toward  Earth.  The  Atlas  sustainer 
engine  continues  to  burn,  as  the  partly 
blackened  booster  engines  fall  away 
from  the  missile.  The  center  hole  visi- 

ble in  the  booster  section  fits  around 
the  sustainer  engine. 

•  Advantages  of  filming — General 
Dynamics/ Astronautics  and  the  Air 
Force  have  been  experimenting  with 
this  photo  technique  for  several  months, 
in  flights  over  both  Atlantic  and  Pacific 
Missile  Ranges. 

Goal  of  the  project  is  to  open  up 
new  possibilities  in  the  field  for  inflight 
instrumentation.  Though  highly  reliable 
data  have  been  produced  by  telemetry 
and  long-range  tracking  techniques,  they 
have  failed  to  spell  out  sufficiently  pre- 

cise details  to  please  engineers. 
Prime  advantages  of  the  filming 

procedure  is  that  it  provides  a  perma- 
nent visual  record  of  the  liftoff  and 

staging  functions.  The  films  can  be 
viewed  repeatedly,  and  motion  can  be 
stopped  for  close  inspection. 

•  Camera  installation — Recent  ex- 
periments involved  two  different  types 

of  camera  installations,  one  for  liftoff 
coverage  and  another  for  staging. 

Liftoff  cameras  are  positioned  in- 
side aluminum  housings,  and  self- 

hardening  polyurethane  foam  is  poured 
in  around  the  camera,  forming  a  two- 
inch  buffer  pad.  The  completed  units, 
each  weighing  about  35  lbs.,  are  posi- 

tioned on  the  exterior  of  the  thrust 
section,  focused  on  inside  plumbing 
and  on  the  sustainer  engine  through 
quartz-glass  openings  in  the  section 
walls.  (Liftoff  camera  installation  is 
shown  in  photo  below.) 

A  14-ft.  parachute  is  mounted  in- 
side the  camera  housing,  and  explosive 

separation  ejects  the  entire  unit  down 
through  the  engine  exhaust  system.  De- 

spite parachute  braking,  these  units 
generally  impact  at  about  50  mph. 

GD/  A  acquires  the  staging  camera 
units  intact,  encased  in  longer  alumi- 

num cylinders  than  the  liftoff  units. 
These  are  usually  mounted  on  the  aft 
end  of  the  missile  tank  and  focused  on 
the  exterior  of  the  thrust  section.  They 
operate  when  the  Atlas  is  about  50  mi. 
up  and  about  50  mi.  downrange. 

As  they  are  ejected  over  water  some 
distance  from  the  launch  area,  the 
staging  cameras  use — instead  of  a  chute 
— a  paraballooning  unit  that  lowers 
them  to  the  water  and  provides  flota- 

tion pending  recovery.  Included  in  the 
package  are  chaff  material  for  radar 
tracking,  a  flashing  light  beacon  and 
a  homing  signal  transmitter. 

•  The  cameras  used — Each  of  the 
D.  B.  Milliken  16-mm  cameras  used 
for   the  project   has   a   400-ft.  film 

capacity.  Two  DBM  4  models  were 
used  in  the  liftoff  units,  and  two  DBM 
3's  were  installed  in  the  staging  units. 

One  liftoff  camera  was  operated  at 
400  fps  with  a  shutter  speed  of  1/1000 
sec,  and  the  other  at  32  fps  at  1/80 
sec.  Both  staging  cameras  had  a  filming 
rate  of  400  fps,  with  an  exposure  of 
1/1000  at  f/8. 

To  provide  a  55°  view  of  the  in- terior of  the  thrust  section,  liftoff  units 
carried  10-mm  Angenieux  lenses.  Pa- 

cific Optical  Periphoto  lenses  on  the 
staging  cameras  provided  110°  views of  the  thrust  section  and  the  sustainer 

engine. 
A  modified  SG-65  Sylvania  Sun 

Gun  high-silica/iodine  lamp  mounted 
on  the  thrust  section  provided  3200 
foot-candles  of  added  light.  According 
to  Sylvania  spokesmen,  this  was  the 
first  application  of  the  recently  devel- 

oped light  source  to  onboard  filming  of 
rocket  functions.  Each  Sun  Gun  and 
each  camera  unit  was  powered  by  a 

small  28-volt  battery.  ~ 
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space  support 

RIFT  Poses  Transportation  Headache 

Lockheed  building  special  handling  system, 

will  spend  heavily  to  make  435-mi.  route  passable 
by  Robert  Lindsay 

Sunnyvale,  Calif. — The  most  diffi- 
cult ground  transportation  problem  yet 

tackled  by  the  missile/space  industry 
has  been  posed  by  the  immense  RIFT 
nuclear  rocket  stage  under  construction 
here. 

To  meet  this,  Lockheed  Missiles  and 
Space  Co..  RIFT  contractor,  has  devised 
a  unique  ground  handling  system  for 
RIFT.  It  is  planned  so  that  use  of  cranes 
or  any  other  lifting  operations  can  be 
avoided  from  the  time  the  vehicles  leave 
here  until  they  are  mated  with  lower 
stages  just  before  launch  or  test. 

In  addition  to  moving  flight-test  ve- 
hicles from  California  to  the  Atlantic 

Missile  Range,  Lockheed  must  also 
move  four  stages  over  a  long  mountain 
and  desert  route  from  the  California 
coast  to  the  Atomic  Energy  Commis- 

sion^ Jackass  Flats,  Nev..  proving 
ground  for  static  tests. 

The  RIFT  vehicle,  33  ft.  wide  and 
about  75  ft.  long,  will  be  too  big  for 
many  existing  roads;  Lockheed  must 
build  new  roads,  widen  others,  strength- 

en bridges  and  remove  or  relocate  thou- 
sands of  obstacles  in  order  to  get 

through  to  the  Nevada  site. 
The  load  being  moved  is  essentially 

a  monolithic,  thinskinned  steel  tank  for 
the  liquid  hydrogen  which  will  fuel  the 
Aerojet-Westinghouse  nuclear  engine  to 
be  used  in  the  RIFT  (Reactor  In-Flight 
Test)  program.  The  engine  will  be  mated 
to  the  tankage  at  the  test  site. 

Lockheed  will  fabricate  the  vehicle 
in  a  converted  dirigible  hangar  at  Mof- 
fett  Naval  Air  Station,  adjacent  to 
LMSC's  main  plant  here.  Construction 
of  10  stages  has  been  authorized  so  far. 
First  static  tests  are  scheduled  in  1964, 
and  flight  tests  in  1966. 

•  Overland  trail  —  Lockheed  sur- 

veyed many  possible  routes  in  seeking 
the  best  way  to  get  the  vehicles  to 
Nevada.  Tentatively  selected  is  a  435- 
mile  run  from  Port  Hueneme  on  the 
California  coast  that  crosses  into  Nevada 
via  a  roundabout  routing  of  city  streets, 
highways  and  country  roads.  Other 
routes  are  still  under  consideration,  al- 

though Lockheed  now  regards  the  one 
chosen  as  likely  to  be  used. 

Louis  Molinari,  Lockheed  transporta- 
tion analyst  in  charge  of  the  program. 

s:tid  that  because  the  size  and  weight  of 
the  vehicle  "far  exceeds"  capacity  of roads  to  accommodate  it,  the  route  must 

be  extensively  "remodeled."  "In  some 
places,"  he  said,  "we'll  leave  the  present 
roads  and  blaze  our  own  through  deserts 

for  a  bypass  over  private  property." The  RIFT  stages  will  range  in 
weight  from  60  tons  in  an  initial  battle- 

ship model  to  about  40  tons  in  opera- 

LOCKHEED  ENGINEERS  recently  made  a  trial  run  over  matches  dimensions  of  35-ft.-wide  stage  container.  Extra  three- 
California-Nevada  RIFT  route  with  this  road  gage  trailer,  which       foot  clearance  is  required  on  each  side  of  the  gigantic  load. 
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READY-MADE  "FACTORY"  for  construction  and  assembly  of  RIFT  nuclear  rocket 
stages  is  this  former  Navy  dirigible  hangar  at  Moffett  Field,  Calif.,  near  Lockheed's 
Sunnyvale  plan:.  Structure  is  19S  ft.  high,  covers  eight  acres:  RIFT  will  toner  85  ft. 

tional  versions.  Since  California  law 
prohibits  highway  movement  of  loads 
heavier  than  38  tons,  special  permits  are 
required,  and  the  load's  transporter  must 
be  designed  to  spread  out  the  weight. 

The  33-ft.  RIFT  stage  will  be  en- 
cased in  an  environmental  container  35 

ft.  wide.  A  three-foot  clearance  is  re- 
quired on  each  side  for  turning,  so  the 

minimum  clearance  required  on  the 
route  is  41  ft. 

Molinari  said  this  is  equivalent  to 
"'three  plus  traffic  lanes,  and  we'll  be 
going  over  two-lane  road  most  of  the 
time." 

o  Clearing  the  way — Lockheed  re- 
cently made  a  trail  run  on  the  chosen 

route  with  a  road  gage  trailer  that  had 
dimensions  identical  to  the  RIFT  stages. 

Molinari  said  the  trip  confirmed  the 
route  is  feasible,  although  in  some  spots 
clearance  is  only  six  inches  over  the 
minimum  and  a  major  reconstruction 
project,  costing  several  hundred  thou- 

sand dollars,  is  needed  to  make  the  route 
passable. 

Molinari  estimates  that  4000  tele- 
graph and  telephone  wires,  electric 

wires  and  transmission  lines,  guy  wires 
and  telephone  service  lines  must  be  re- 

moved or  repositioned  before  the  RIFT 
loads  can  pass.  Average  height  of  wires 
that  cross  above  highways  is  18-22  ft., 
half  the  required  clearance  for  RIFT. 

In  most  cases,  the  wires  will  be 
moved  out  of  the  way  by  lengthening 
poles.  But  about  200  will  have  to  be  re- 

moved. About  400  trees  must  be  cut 
down  or  trimmed  back,  and  hundreds 
of  signs  and  road  markers  are  in  the 
way. 

Dips  will  impair  passage  of  the  100- 
ft.  transporter  at  some  points,  so  some 
road  crowns  must  be  scraped  and  dip 

"valleys"  filled  in.  Several  tight  turns 
must  be  widened  and  weak  bridges  en- 
route  must  be  temporarily  strengthened 
to  take  the  heavy  load. 

In  several  places  existing  roads  will 
be  unnavigable  and  new  roads  will 
be  built  by  Lockheed.  The  longest  cus- 

tom-made road  will  be  a  seven-mile 
stretch  that  will  be  bulldozed  around  the 
California  desert  city  of  Barstow,  Moli- 

nari said.  Most  of  the  trip  will  be  over 
desert,  including  a  corner  of  Death Valley. 

The  steepest  grade  will  be  about  1%  . 
Use  of  a  "pusher"  tractor  behind  the 
load  is  being  considered. 

Molinari  estimates  the  trip  from  Port 

Hueneme  to  Jackass  Flats  will  take  five 
working  days,  with  the  load  moving  at 
10  miles  an  hour. 

Present  schedules  call  for  comple- 
tion of  road  modifications  and  obstacle 

removal  three  months  before  the  first 
RIFT  stage  is  moved  to  Nevada  in 
1964.  Molinari  said  the  construction 
work  will  take  about  a  year. 

•  Unique  vehicle — The  RIFT  trans- 
porter, now  being  designed  by  Lock- 

heed, will  be  a  multi-axle,  multi-wheeled 
vehicle  built  about  15  inches  above 
ground.  Its  rear  wheels  will  operate  in- 

dependently, like  a  fire  engine  hook  and 
ladder  truck,  for  easy  turning.  The  trans- 

porter will  be  broken  down  for  shipment 
back  from  either  Jackass  Flats  or  AMR. 

The  stages  will  be  encased  in  a  con- 
tainer regulated  for  humidity,  tempera- 

ture and  internal  pressure.  A  complex 
shock  absorption  system  on  the  trans- 

porter will  limit  impact  on  the  load  to 
two  g's  lateral  force  and  one  vertically. 

The  stages  will  be  loaded  on  the  road 
transporter  at  the  production  plant  and 
will  not  be  removed  until  reaching  Ne- 

vada or  AMR.  Besides  the  main  tank- 
age vehicle,  a  40-ft.-wide  nose  fairing 

built  here  will  be  moved  to  Canaveral. 
To  eliminate  lifting  and  transferring 

of  the  stage,  the  transporter  will  be 
mounted  on  a  barge  and  floated  into  a 
specially  modified  LSD  (Landing  Ship 
Drydockl  which  will  receive  the  barge. 

During  the  13-day  sea  voyage 
through  the  Panama  Canal,  the  trans- 

porter will  be  floated  out  of  the  ship, 
still  on  its  barge,  at  Port  Hueneme  or 
at  the  mouth  of  the  Mississippi,  where 
it  will  be  barged  to  AMR.  The  trans- 

porter will  then  be  rolled  off  the  barge 
from  a  special  dock,  at  high  tide. 

MAP  SHOWS  tentatively  planned  435-mi.  run  from  Port  Hueneme  to  Nevada  site. 
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THERE'S 

The  engineer  or  scientist  with  an  acute  historical 
awareness  identifies  himself  with  the  technological 
triumphs  of  his  day.  The  initial  steps  in  space  flight 
are  certainly  the  successes  that  will  always  be  closely 
related  to  this  decade.  For  these  are  the  times  that 
bridge  the  gap  between  theory  and  reality. 

McDonnell,  in  the  aerospace  forefront  with  the  crea- 
tion of  Mercury,  the  free  world's  first  manned  space- 

craft, Gemini  2-man  extended  mission  orbital  rendez- 
vous spacecraft,  and  Phantom  fighter  and  attack 

ft/f ' ^£  fijf        P^iL^—        aircraft  offers  the  engineer  participation  in  the  most exciting  projects  of  the  times. 

IN  THE  PROJECTS 

OF  THE  TIMES 

AT 
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The  Industry  Week 

Industry  Facilities 

Genisco,  Inc.,  will  move  this  month  to  a  new 
plant  at  the  Dominguez  Industrial  Park,  Comp- 
ton,  Calif.  The  electronics  firm's  record  sales  for 
the  past  fiscal  year  necessitated  the  expansion. 
.  .  .  Philco  Corp.  has  opened  a  corporate  sales 
office  in  Houston  for  all  Philco  sales  representa- 

tives except  those  of  its  Consumer  Products  Biv., 
who  will  remain  in  Dallas.  .  .  .  Union  Carbide 

Corp.'s  Linde  Co.  has  increased  its  liquid  oxygen 
and  nitrogen  production  by  450  tons  per  day  in 
an  expansion  of  its  Fontana,  Calif.,  plant.  The 
plant  is  the  largest  of  its  kind  in  the  West,  second 
largest  in  the  U.  S.  ...  At  a  newly  opened  office 
in  the  Holiday  Office  Center,  Huntsville,  Ala., 
Reynolds,  Smith  &  Hills,  architectural  and  engi- 

neering firm,  is  presently  doing  design  criteria 
for  the  launcher-umbilical  tower  (LUT)  that  will 
transport  Saturn  C-5  from  the  Vertical  Assembly 
Building  to  the  launch  pad.  LUT  uses  the  crawler 
transfer  concept.  .  .  .  New  occupant  of  the  New- 

ton, Mass.,  Industrial  Center  is  the  newly  formed 
Guillemin  Networks,  Inc.,  which  will  develop  and 
market  special-purpose  filters  incorporating  mod- 

ern network  synthesis  theory  and  technology. 
.  .  .  Grumman  Aircraft  Engineering  Corp.,  recent 
winner  of  NASA's  LEM  competition,  has  opened 
a  liaison  office  near  the  Manned  Spacecraft  Cen- 

ter at  Houston.  Jack  Buxton  icill  manage  the  new 
office.  .  .  .  Conductron  Corp.,  Ann  Arbor,  Mich., 
is  building  a  new  $8-million,  400,000-sq.-ft.  cam- 

pus-plan complex  at  the  edge  of  the  University  of 
Michigan's  North  Campus,  on  a  62-acre  site.  An 
aerospace  R&D  firm,  Conductron  specializes  in 
research  related  to  lunar  surface  layers. .  .  .  Adler 

Electronics,  Inc.,  New  Rochelle,  N.  Y '.,  now  oper- ates a  Cocoa  Beach,  Fla.,  regional  office  to  serve 
the  Cape  Canaveral  Area.  Adler  produces  tele- 

communications systems  and  other  communica- 
tions gear.  . .  .  Lockheed  Missiles  &  Space  Co.  will 

build  a  Huntsville,  Ala.,  Research  and  Engineer- 
ing Center  on  an  80-acre  site  in  the  Industrial 

Research  Park  adjacent  to  the  University  of  Ala- 
bama Research  Institute.  Nucleus  of  the  center's 

staff  will  occupy  leased  quarters  in  January,  and 
the  first  building  will  be  completed  next  October. 
...  To  meet  increasing  market-support  require- 

ments relating  to  present  and  future  national 
space  programs,  Garrett  Corp.  has  opened  three 
new  regional  sales  offices — in  Cleveland,  Ohio, 
New  Orleans,  La.,  and  Cocoa  Beach,  Fla.  With  the 
new  branches,  Garrett  now  has  a  total  of  2k 
offices  at  key  locations  in  the  U.S.  and  Canada. 

New  Industry  Representatives 

The  Carter-Princeton  Div.  of  Carter  Products, 
Inc.,  has  named  the  F.  O.  Hoyt  Co.  to  expand  and 
supervise  C-P's  sales  representative  organization. 
C-P's  products  include  semiconductor  junction 
devices,  power  supplies  and  other  electronics  ma- 

terials. .  .  .  Asco  Sintering  Corp.,  manufacturer 
of  powdered  metal  products,  has  appointed  Brown 
Bearing  Co.,  Seattle,  as  its  sales  representative 
for  Oregon,  Washington,  Idaho  and  Montana.  .  .  . 
Guillemin  Networks,  Inc.,  has  named  P.  J.  Engi- 

neering Sales  Co.  exclusive  sales  representative 
in  Maine,  New  Hampshire,  Vermont,  Massachu- 

setts and  Connecticut  for  GNI's  line  of  electric 
wave  filters  and  special-purpose  networks.  .  . 
Jarry  Hydraulics  Ltd.,  an  associate  company  of 
Dominion  Brake  Shoe  Co.  Ltd.,  will  manufacture 
Resistoflex  Corp.'s  Fluorex-T  aerospace  products in  Canada  under  a  new  agreement. .  . .  Electronics 
Marketing  Corp.,  Columbus,  Ohio,  will  distribute 
General  Electric  electronic  capacitors.  EMC  will 
operate  in  Ohio,  Indiana,  Kentucky,  Tennessee, 
West  Virginia  and  western  Pennsylvania.  .  . 
Leff  &  Eader  Corp.  has  been  appointed  metro- 

politan New  York  City  sales  engineering  repre- 
sentative for  Hammarlund-COC  {Centralized  Op- 
erations Control)  products  and  systems,  pro- 

duced by  Hammarlund  Mfg.  Co.,  a  Giannini  Sci- 
entific company.  The  Hammarlund-COC  line  in- 
cludes tone  transmitters  and  receivers,  electronic 

scanners  and  other  remote  control,  data  trans- 
mitting and  telemetering  gear.  .  .  .  Rivett  Lathe 

&  Grinder,  Inc.,  Boston,  has  named  Richardson 
Equipment  Co.  Limited,  Scarborough,  Ontario, 
Canada,  as  exclusive  distributor  in  Ontario  prov- 

ince of  RLG's  hydraulic  valves  and  cylinders. 

Industry  Plans  Fewer  Exhibits 

Missile/ space  firms  plan  sharp  curtailment  of 
their  exhibit  participation  in  1963  meetings,  a 
recent  survey  by  the  Aerospace  Industries  Assn. 
shows.  In  response  to  an  AIA  query,  42  member 
firms  gave  overwhelmingly  negative  replies  to 
questions  whether  they  will  present  displays  at 
nine  different  events  in  the  coming  year. 

Here  are  some  of  the  results :  Navy  League — 
25  no,  2  yes,  14  undecided;  Air  Force  Assn. — 
20  no,  3  yes,  17  undecided;  Assn.  of  the  U.S. 
Army — 14  no,  10  yes,  18  undecided;  American 
Rocket  Society — 18  no,  6  yes,  17  undecided. 

Philco  Sets  New  Computer  Rent  Plan 

Philco  Corp.  has  announced  what  it  calls  "an 
entirely  new  concept"  in  computer  rental  rates. 
Designated  PACT  (Pay  Actual  Computer  Time), 
the  plan  allows  user  to  pay  a  basic  monthly  rental 
plus  an  hourly  use  rate. 

Normally,  most  data-processing  equipment  is 
either  sold  outright  or  leased  on  the  basis  of  a 
200-hr.  month.  Under  a  standard  contract,  rental 
is  a  fixed  amount  whether  computer  is  used  or 
not. 

Under  the  new  plan,  a  Philco  spokesman  said, 
"you  can  save  money  when  you  use  the  computer 
— and  you  save  money  when  you  don't  use  it." 
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contracts  and  procurements 

AWARDS 

AIR  FORCE 

$5,372,062 — Aerospace  Corp.,  Los  Angeles,  for 
systems  engineering  and  technical  direction  of ballistic  missile  and  space  programs  together 
with  management  services  and  administrative 
support.  Work  to  be  done  at  El  Segundo, Calif. 

$3,500,000— Martin  Marietta  Corp.,  New  York 
City,  for  research  and  development  work  on  a 
vehicle  for  a  space  program.  Work  to  be  done 
at  Baltimore. 

$3,500.000— Philco  Corp.,  Philadelphia,  for  work 
on  control  subsystems  for  space  programs. 
Work  to  be  done  at  Western  Development 
Laboratories,  Palo  Alto,  Calif. 

$3,190,396— International  Electric  Corp.,  Paramus. 
N.J.,  for  fabrication  and  delivery  of  electronic 
equipment  (supplemental  contract). 

$2,000,000— International  Telephone  &  Telegraph 
Corp.,  New  York  City,  for  work  on  a  space 
communications  system.  Work  to  be  done  at 
Paramus,  N.J. 

$2,000.000— General  Precision,  Inc.,  Tarrytown. 
N.Y.,  for  work  on  a  guidance  and  control 
system  for  the  mobile  mid-range  ballistic  nvs 
sile  (MMRBM).  Work  to  be  done  at  Little 
Falls,  N.J. 

$1,700.000— General    Precision,   Inc.,  Tarrytown. 
N.Y.,   for    development   of    X-20  Dyna-Soar 
spaceflight  simulation  chamber. 

$1,500,000— N.  T.  W.  Missile  Engineering,  Inc.. 
Los  Angeles,  for  work  on  large  rocket  motor 
cases. 

$1,414,000 — General  Dynamics  Corp.,  New  York 
City,  for  work  on  design  and  development  of 
a  standard  space  launch  vehicle.  Work  to  be 
done  at  San  Diego. 

$1,328,048 — Sperry  Rand  Corp.,  Great  Neck,  N.Y., 
for  electronic  altimeter  components. 

$1,000.000 — General  Electric  Co.,  New  York  City, 
for  work  in  connection  with  installation  and 
checkout  of  Atlas  missiles.  Work  to  be  done 
at  Philadelphia. 

$1,000,000— American  Air  Filter,  Inc.,  St.  Louis, 
for  work  on  Minuteman  control  systems. 

$1,000,000— Collins  Radio  Co.,  Dallas,  for  tech- nician services  on  communication/navigation 
equipment. 

$1,000,000— Thiokol  Chemical  Corp.,  Brigham 
City,  Utah,  for  development  of  Minuteman motors. 

$125,000— Leeds  &  Northrup  Co.,  Philadelphia, 
for  potentiometers  for  use  in  calibration  checks 
on  instruments  at  missile  bases. 

ARMY 
$5.400.000— Hughes  Aircraft  Co.,  Fullerton,  Calif., 

for  Nike  and  Hawk  missile  fire  control  equip- ment. 
$4,036,932— Western  Electric  Co,  New  York  City, 

for  guidance  systems  for  Nike-Hercules  missiles. 
$1,241,296— Space  Corp.,  Garland,  Tex.,  for  ship- ping and  storage  containers. 
$1,065,500— Raytheon  Co.,  Lexington,  Mass.,  for 

Hawk  system  components.  Work  to  be  done 
at  Andover,  Mass. 

$300,000— Melpar,  Inc.,  Falls  Church,  Va.,  for 
speech-compression  communications  system. 

$166,312 — Graham  Contracting,  Inc.,  Orlando, 
Fla.,  for  construction  of  a  spin  test  shop. 

NAVY 

$7,000,000— General  Electric  Co.,  New  York  City, for  electronic  guidance  assemblies  for  the 
Polaris  missile.  Work  to  be  done  at  Pitts- 
field,  Mass. 

$4,000,000— Raytheon  Co.,  Sudbury,  Mass.,  for electronic  assemblies  for  Polaris  guidance 
equipment. 

$3,075,000 — Douglas  Aircraft  Co.,  Santa  Monica, Calif,  for  classified  electronics  equipment. 
$3.000.000— Minneapolis-Honeywell  Regulator  Co., 

Minneapolis,  Minn.,  for  Polaris  guidance  sys- tem components. 
$2,600,000— Hughes  Aircraft  Co.,  Culver  City, 

Calif.,  for  electronic  equipment  for  the  Po- laris missile. 

$1,978,414  —  Northrop   Corp.'s   Nortronics  Div., Anaheim,  Calif.,  for  engineering  and  logis- tics services  in  connection  with  Polaris  missile 
checkout  equipment. 

$1.864.805— General  Electric  Co.,  Schenectady, 
N.Y.,  for  additional  stock  components  for 
nuclear  reactor  propulsion  plants. 

$1,798.766 — Douglas  Aircraft  Co.,  Santa  Monica, 
Calif.,  for  modification  of  and  provision  of 
launch  services  for  the  Thor  missile. 

$1,596,335 — North  American  Aviation.  Inc.,  Ca- 
noga  Park,  Calif.,  for  additional  funding  for 
Sparrow  III  rocket  motors. 

NASA 

$2.560,000— Ling-Temco-Vought,  Dallas,  Tex.,  for 
development  of  the  velocity  package  for  Proj- ect Fire. 

$1,056,350— Vitro-Smith  Corp.,  New  York  City, 
for  design,  installation  and  test  of  a  pebble 
bed  hydrogen  heat  exchanger  at  the  Lewis  Re- search Center. 

$967,000 — International  Business  Machines  Corp., 
New  York  City,  for  designing  an  advanced 
data  center  at  the  Marshall  Space  Flight Center. 

INDUSTRY 
$27.610  000 — Hughes  Aircraft  Co.,  Los  Angeles, 

from  Boeing  Co.,  for  electronic  data-analysis 
systems  for  the  Minuteman  missile. 

$1,700  000— American  Metal  Products  Co.,  De- troit, from  Thiokol  Chemical  Corp.,  for  blast 
tube  inserts. 

$1,500.000 — Perkin-Elmer  Corp.,  New  York  City, 
from  Sylvania  Electric  Products,  Inc.,  for  in- 

struments for  Orbiting  Astronomical  Observa- tory. 

$1,400,000— Ford  Motor  Co.,  Aeronutronic  Div., 
Newport  Beach,  Calif.,  from  Collins  Radio 
Co.,  for  memory  units. 

Bulova  Watch  Co..  Inc.,  New  York  City,  from 
Hughes  Aircraft  Co.,  for  transistorized  timer 
for  Syncotn  communications  satellites  (undis- closed amount). 

REQUESTS  FOR  BIDS 

GENERAL  PROCUREMENTS 
Base  Procurement  Office 
McGuire  Air  Force  Base,  N.J. 
Environmental  control  modification  "A"  Bo- marc  missile  launcher  shelters.  Job — 1FB  28-609- 

63-55  (B).  Bid  opening  12-26-62. 

the  space  vehicle  to  the  crew  member.  RFP — MSC-63-361P.  Note:  For  information  purposes 
only:  RFP  not  available. 

National  Aeronautics  and  Space  Administration 
Manned  Spacecraft  Center General  Research  Procurement  Office 
Houston  1,  Tex. 
Attn:  D.  Chilcutt 
Phone:  WA  8-2811  X7351 
Negotiations  will  be  conducted  with  Somyk 

Inc.,  870  Smithfield  Ave.,  Lincoln,  R.L,  for  devel- 
opment of  energy  absorbing  netting-type  body 

support  that  will  attenuate  the  transverse  peak 
decelerations  and  rates  of  onset  transmitted  from 

Philadelphia  Procurement  District 128  W.  Broad  St. 
Philadelphia  2,  Pa. 
Provide  12  man-months  of  maintenance  serv- 

ices for  Sergeant  missiles  system  3G52  training 
device.  Work  to  be  performed  on  site  of  the 
devices.  Request  for  proposal  has  been  issued  to 
Aircraft  Armaments,  Inc.,  Cockeysville,  Md.  It  is 
suggested  that  small  business  firms  or  others  in- 

terested in  subcontracting  opportunities  in  con- 
nection wtih  this  procurement  make  direct  con- tact with  that  firm. 

National  Aeronautics  and  Space  Administration 
Launch  Operations  Center Procurement  and  Contracts  Office 
Cocoa  Beach,  Fla. 
Construction  of  spare  parts  building  for 

launch  Complex  37  in  accordance  with  contract 
drawings  and  specs.  Drawings  and  specs  will  be 
included  in  the  invitation  for  bid.  Job — IFB  CC- 
72-3.  Bid  opening  12-17-62.  IFB  sets  available 
through  12-12-62,  Cocoa  Beach,  Fla. 

U.S.  Army  Missile  Command Redstone  Arsenal,  Ala. 
AMCPM-SEPM 
Sergeant  rocket  motor  XM-419  container, 

shipping  and  storage.  Drawing  No.  9125340 — 105 each.  Sergeant  guidance  XM-420  container,  ship- 
ping and  storage.  Drawing  No.  9125579 — 149  each. Destinations  to  be  furnished.  Notice  is  given  that 

available  specs  and/or  drawings  relating  to  this 
procurement  do  not  fully  provide  all  necessary 
manufacturing  and  construction  details.  Request 
for  proposal  has  been  issued  to  Sperry  Rand 
Corp.,  Sperry  Utah  Co.  Div.,  322  N.  21st  St. 
West,  Salt  Lake  City  16,  Utah.  It  is  suggested 
that  small  business  firms  and  others  interested  in 
subcontracting  opportunities  in  connection  with 
this  procurement  make  direct  contact  with  the 
above  firm. 

Procurement  Office 
White  Sands  Missile  Range,  N.M. 
System,  10  channel,  rack-mountable.  FM,  with 

power  supply  and  mixer  amplifier — 3  each.  De- livery to  White  Sands  Missile  Range,  N.M..  IFB- 
AMC(R)  29-040-63-34IB).  Bid  opening  1-9-63. 
Bid  sets  available  through  12-26-62,  unless  sooner exhausted. 

Directorate 
Procurement  and  Production,  SAPOS 
Kelly  AFB,  Tex. 
Note:  Select  source  procurement.  Request  for 

proposals  will  be  issued  to  the  following  firm — General  Electric  Co..  1000  Western  Ave.,  West 
Lynn,  Mass.  It  is  suggested  that  small  business 
firms  and  others  interested  in  subcontracting  op- 

portunities in  connection  with  this  proposal  make 
direct  contact  with  the  above  firm.  4930-856-9690 
leak  detector — 194  each — in  support  of  missile 
SM80  and  F-105  aircraft.  No  drawings  or  specs 
are  available.  Deliver  to  various  destinations. 
P/R  SA-3-3984. 

Space  Systems  Div. Air  Force  Unit  Post  Office 
Los  Angeles  45,  Calif. 
SSZDK,  Osborne  9-4661,  Ext.  4223 
162  program  mission  peculiar  equipment  in- cluding necessary  spare  parts  and  ground  support 

equipment  to  support  launch  of  the  162  program 
vehicles.  This  is  a  continuation  of  the  require- 

ments of  162  program.  Negotiations  will  be  held 
with  Lockheed  Missile  &  Space  Co.,  P.O.  Box  504. 
Sunnyvale,  Calif.  Note:  For  information  only. 
Request  for  proposal  not  available. 
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These  new  powerplants  are  an  RL10  liquid-hydrogen 
rocket  engine  for  propulsion  in  space,  and  a  model 

of  a  fuel  cell  to  provide  electricity  in  manned  lunar 
vehicles.  Their  mission:  Power  for  space.  Their 

designer  and  builder:  Pratt  &  Whitney  Aircraft  for 

the  National  Aeronautics  and  Space  Administration. 

Pratt  & Whitney 

Aircraft 

u DIVISION  OF  UNITED  AIRCRAFT  CORP. 
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ARE  YOU  QUALIFIED 
TO  LEAD  IN 

THE  FIELD  OF 

IDS® 

A  NEW,  SPACE-AGE 
CHALLENGE  OFFERED  BY 

EMERSON  ELECTRICS 

THERMO- 

CHEMISTRY 

DEPARTMENT 

Thermo-lag  is  a  subliming  com- 
pound for  thermostatically  con- 
trolling temperatures  of  hyper- 

velocity  vehicles.  The  proven 
pilot  operation  is  now  ready  for 
development  and  expansion  to 
departmental  status,  offering 
"ground-floor"  opportunity  in  a 
virgin  field  for  engineers  who  fit 
the  following  specifications: 
AERO  THERMO  DYNAMICS  ENGINEER 
Degree  plus  experience  in  hypersonic 
real  gas  dynamics,  heat  transfer,  abla- 

tion, re-entry  vehicle  design,  detec- 
tion; shock  layer,  wake  and  rocket 

exhaust  ionization;  and  anti-missile 
system  requirements. 
HEAT  SHIELD  DESIGN  ENGINEER 
Degree  in  mechanical,  chemical  or 
aeronautical  engineering.  Involves 
the  analysis  of  convection,  conduction 
and  radiation,  heat  transfer,  and 
experimental  verification  of  these 
analyses.  Both  passive  and  active 
methods  of  temperature  control  are 
employed.  Knowledge  of  ablation 
processes  is  helpful.  Knowledge  of 
ascent,  orbiting,  re-entry  and  solid 
propellant  systems  is  desirable. 

HEAT  TRANSFER  ENGINEER 
Degree  or  equivalent  with  basic  knowl- 

edge of  radiation  conduction  and  con- 
vection heat  transfer  with  application 

to  thermal  control  of  ascent,  space 
and  re-entry  vehicles.  Knowledge  of 
spectrally  selective  radiation  coating, 
super  insulations  and  thermal  vacuum 
testing  is  of  particular  value. 
for  full  information  contact: 

A.  L.  DEPKE.  Employment  Mgr. 
EMERSON  ELECTRIC  CO. 
8100  West  Florissant  Ave. 

St.  Louis  36,  Mo. 

EMERSON 

ELECTRIC 

names  in  the  news 

STIMSON DRUMMOND 

John  D.  Stimson:  Named  manager  of 
the  United  AeroSpace  Div.  of  United 
ElectroDynamics,  Inc.,  Pasadena,  Calif. 

Herbert  C.  Jenkins:  Appointed  quality 
assurance  and  reliability  manager  for 
Burroughs  Corp.'s  Electronic  Components 
Div.,  Plainfield,  N.  J. 

Alexander  Kreithen:  Elected  a  vice 
president  of  Documentation,  Inc.,  Bethesda, 
Md. 

Frank  W.  Lehan:  Appointed  president 
of  Space  General  Corp.,  El  Monte,  Calif. 
Dr.  Jack  E.  Froehlich  appointed  executive 
vice  president. 

Dr.  Milton  M.  Slawsky:  Director  of  en- 
gineering sciences,  AFOSR,  elected  a  Fel- low Member  of  the  American  Rocket 

Society. 

Joseph  M.  Dukert:  Appointed  director 
of  public  relations  for  the  Research  Insti- 

tute for  Advanced  Study,  Martin  Co.,  Balti- 
more, Md.  Julian  Levine  appointed  direc- 

tor of  public  relations  for  the  Electronic 
Systems  and  Products  Div.,  and  Robert  L. 
Mead  appointed  director  of  public  rela- tions for  the  Nuclear  Div. 

Edward  A.  DeCrosta:  Promoted  to  vice 
president  for  atomic  instrumentation  at 
Baird-Atomic,  Inc.,  Cambridge,  Mass. 

Alan  R.  Miller:  Named  manager  of  de- 
sign engineering  for  Brooks  &  Perkins, 

Inc.,  Detroit,  Mich. 

Kenneth  H.  Druinmond:  Appointed 
Washington,  D.  C.  representative  for  the 
Science  Services  Div.  of  Texas  Instruments. 
Inc.,  Dallas. 

Kenneth  E.  Grine:  Appointed  public 
relations  representative  for  the  Missile  & 
Space  Systems  Div.  of  the  Douglas  Air- 

craft Co.  at  Cape  Canaveral. 

Charles  H.  Sword:  Appointed  director 
of  space  and  electronic  programs  at  Ford 
Motor  Co.'s  Aeronutronic  Div.,  Newport Beach,  Calif.  He  succeeds  James  C.  Elms 
who  was  named  deputy  director  for  devel- 

opment and  programs  at  NASA's  Manned Spacecraft  Center,  Houston,  Tex.  Paul  A. 
Hanna  named  manager  of  the  contract 
administration  office. 
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BOAK  FINN 

Raymond  D.  Ouderkirk:  Named  man- 
ager of  systems  and  procedures  at  Wyle 

Laboratories,  El  Segundo,  Calif. 

Dr.  H.  D.  Sprinkle:  Appointed  man- 
ager of  Sylvania  Electric  Products,  Inc.'s System  Technology  Laboratory,  Mountain 

View.  Calif. 

Graeme  D.  Plant:  Appointed  manager 

of  engineering  for  Kaiser  Steel  Corp.'s Fabricating  Div.,  Oakland,  Calif. 

Dr.  F.  Robert  Naka:  Named  technical 
director  for  control  and  sensor  systems  De- 

velopment at  the  Mitre  Corp.,  Bedford, Mass. 

Ira  Ritow:  Appointed  chief  of  advanced 
development  at  Huyck  Systems  Co.,  Hunt- 

ington, L.I.,  N.Y.  Herbert  C.  Cress  named 
works  manager.  Edgar  M.  Elliott  and 
Frank  R.  Nesbitt  appointed  senior  market- 

ing representatives. 
Bernard  Hathaway:  Appointed  director 

of  manufacturing  for  Electronic  Memories, 
Inc.,  Los  Angeles. 

James  S.  Farrior:  Named  director  of 
the  Research  and  Engineering  Center  to  be 
established  by  Lockheed  Missiles  &  Space 
Co.  at  Huntsville,  Ala. 

Robert  E.  Boak:  Named  manager  of 
industrial  commodities  for  the  Industrial 
and  Marine  Div.  of  Walter  Kidde  &  Co., 
Inc..  Belleville,  N.  J. 

Eugene  J.  Finn:  Appointed  vice  presi- 
dent-aeronautical marketing  at  the  Firewel 

Co..  Inc.,  Buffalo,  N.Y. 

R.  A.  Williams:  Named  assistant  to  the 

director  of  engineering  at  Philco  Corp.'s Scientific  Laboratory,  Lansdale,  Pa.  Dr. 
C.  G.  Thornton  named  manager  of  the  Ad- 

vanced Solid-State  Development  Dept.  and 
Charles  D.  Simmons  named  manager  of 
the  Microelectronics  Dept.  Charles  Gray 
appointed  manager  of  Commercial  Engi- 

neering Dept.;  James  D.  McCotter  named 
manager  of  the  Semiconductor  Product 
Development  Dept.;  Robert  C.  Musa 
named  manager  of  the  Chemistry  and 
Metallurgy  Dept.;  Charles  B.  Tague  named 
manager  of  the  Pre-Production  Engineer- 

ing Dept.  and  W.  J.  Snyder  appointed  man- 
ager of  the  Cathode  Ray  Tube  Engineer- 

.  ing  Dept. 
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ASCOP  multiplier  phototubes 

INSENSITIVE 

to  400  G's  during  launch 

SENSITIVE 

from  1100  to  13,000  A  in  orbit 

Now,  from  the  Princeton  Division  of  Electro-Mechanical  Re- 
search, Inc.,  comes  a  line  of  multiplier  phototubes  that  are 

ideal  for  aerospace  applications  or  other  uses  that  demand 
a  combination  of  brute  strength  and  precise  response. 

ASCOP  multiplier  phototubes  have  proved  themselves  in 
many  satellite  applications,  as  well  as  in  the  rough-and- 
tumble  environment  of  oil  field  exploration.  Their  unique 
vertebrate  construction  enables  them  to  withstand  up  to  400 
G's  of  shock  and  ambient  temperatures  as  high  as  150°  C. Yet  their  range  of  spectral  response  is  unmatched  in  the industry. 

When  you  specify  ASCOP  multiplier  phototubes,  you  have 
a  wide  range  of  choices  which  gives  you  almost  unlimited 
application  flexibility.  You  can  choose,  for  example,  from  22 
basic  models,  or  you  can  consult  with  EMR's  technical  staff 
on  a  design  especially  tailored  to  your  application.  You  have 
a  choice  too  among  a  wide  variety  of  window  material,  in- 

cluding glass,  sapphire  and  lithium  fluoride.  These  materials 
matched  with  the  proper  photo  cathode  can  give  you  a  sensi- 

tivity from  1100  to  13,000  a.  You  also  have  a  choice  of  silastic 
rubber  or  other  materials  in  which  the  voltage  divider  net- 

work will  be  encapsulated. 
Best  of  all,  there's  no  speculation  about  the  performance 

level  of  your  ASCOP  photomultiplier.  Every  tube  is  individ- 
ually factory  calibrated,  and  shipped  with  a  "pedigree"  of 

guaranteed  performance  data  that  eliminates  field  recalibra- 
tion.  These  data  include  spectral  response,  dark  current, 
and  voltage/gain  characteristics. 

Get  the  complete  story  on  EMR's  ASCOP  multiplier phototubes.  For  information  that  will  help  you  select  a  tube 
that's  right  for  your  application,  fill  in  the  coupon  below. 

ELECTRO-MECHANICAL 
RESEARCH,  INC. 
Princeton  Division 
Princeton,  N.  J. 

I  Sec.  105 
Electro-Mechanical  Research,  Inc. 
Princeton  Division,  Princeton,  N.  J. 

□  Please  send  me  more  infomation  about  your  multiplier  photo- tubes. 

□  Please  send  me  information  about  your  neutron  generators. 
□  Please  have  a  salesman  call  on  me. 
Name  Title  
Company  
Address  , 
C  ity  Zone  State  , 

No.  14  on  Subscriber  Service  Card  ^£ 



BUT 

WHAT  ABOUT 

TOMORROW? 

products  and  processes 

Perhaps  you've  been  wondering 
lately  about  your  future.  Has  your  pro- 

fessional growth  developed  in  the  same 
ratio  as  your  interests  and  goals?  Do 
you  lack  stimulation,  challenge? 

Perhaps  the  answers  you  seek  lie 
in  Martin  Denver's  advanced  TITAN  pro- grams. Here  you  would  find  leaders  in 
your  specialty  field,  problems  to  chal- 

lenge your  mind  and  generate  new  ideas 
and  concepts.  Here  you  would  find  fi- 

nancial reward,  personal  progress  and 
professional  recognition. 

If  you  have  an  appropriate  engi- 
neering degree  and  are  presently  en- 

gaged in  one  of  the  following  fields,  we 
would  like  to  hear  from  you: 

ELECTRONIC  DESIGN  PACKAGING 
GUIDANCE  AND  CONTROL 
AERODYNAMICS 
PROPULSION  AND  PROPELLANT 
SYSTEMS 

Send  resume,  in  confidence,  to  F.  A. 
McGregor,  Manager  of  Personnel  Staff- 

ing, Mail  No.  A-64. 

tVIXXFTTI  tV 
P.O.  Box  179X,  Denver  1,  Colorado 

An  equal  opportunity  employer 

>0 

New  Product  of  the  Week: 

Subliming  Solid  Microrocket 

A  small  attitude-control  rocket  based 
on  a  new  solid-propellant  formulation, 
which  is  stored  as  a  solid  but  changes  to 
gas  as  needed  for  pulse  production,  is 
available  from  Rocket  Research  Corp. 
No  chemical  reaction  is  involved,  avoid- 

ing problems  associated  with  ignition 
and  combustion.  Thrust  levels  range 

from  10  lbs.  to  very  low  values.  The 
Model  uR-10-4SS  has  a  thrust  of  0.0001 
lbs.  per  nozzle,  a  total  impulse  of  170 
lb. -sec.  and  weighs  2.7  lbs.  loaded,  0.4 
lbs.  empty.  A  4-in.  spherical  tank  holds 

enough  prop:llant  to  provide  a  year's control  for  a  5-ft.  satellite. 
Circle  No.  225  on  Subscriber  Service  Cord 

Miniature  Couplings 

Power  Instruments  Inc.  has  devel- 
oped coupling  and  collet  sets  which  pro- vide immediate  test  connections  for 

commonly  used  shafts  between  1/16-in. 
and  %-in.  dia.  for  speeds  up  to  30.000 

rpm. Set  No.  808  has  two  center  coup- 
lings with  6  pairs  of  hardener  aluminum 

end  fitting  collets  for  1/16,  3/32,  Vs, 
5/32,  3/6,  and  Va  -in.  dia.  shafts.  A 
very  flexible  bellows  center  is  used  for 
torques  below  140  gm-cm.  A  subminia- 
ture  universal  ball  joint,  used  for  higher 
torques,  is  believed  to  be  the  world's smallest.  Set  No.  808  is  used  for  very 
small  servos  and  synchros  and  delicate 
torque  tests  for  speeds  to  25,000  rpm. 

Circle  No.  226  on  Subscriber  Service  Cord 

Zencr  Diode  Series 

Dickson  Electronics  Corp.  is  mar- 
keting two  zener  diode  series  rated  at 

250  and  400  mw  in  hermetically  sealed 
glass  packages.  Both  series  cover  pre- 

ferred voltages  in  a  range  of  6.8  to  200 
volts  with  tolerances  of  5%,  10%  or 

20%.  All  units  contain  single  P-N  junc- 
tions formed  by  carefully  controlled 

diffusion  at  1300°C  of  phosphorus  into 
boron-doped  silicon.  In  normal  zcner 
usage  these  junctions  are  biased  in  the 
reverse  direction  (cathode  positive, 
anode  negative.)  This  diffused  junction 
provides  a  surge-current-to-leakage-cur- 

rent ratio  substantially  greater  than  has 
been  achieved  with  tiny  alloyed  junc- 
tions. 

Circle  No.  227  on  Subscriber  Ser- 
Cord 

Sweep  Frequency  Generator 
A  sweep  generator  with  the  electrical 

performance  of  a  laboratory  standard 
signal  generator  is  available  from  Gen- 

eral Radio  Co.  The  type  1025-A  cov- 
ers frequencies  from  800  kc  to  240  mc 

to  10  ranges,  plus  bandspread  ranges 
from  400  to  500  kc  and  10.4  to  1 1  mc. 
Other  ranges  can  be  substituted  in  place 
of  one  or  more  of  the  standard  ranges. 

In  sweep  operation,  the  selected  fre- 
quency range  is  swept  from  lOw-  to 

high-frequency  end  in  22.2  milliseconds, 
20  times  per  second.  The  output  is 
blanked  during  the  return  sweep.  A 
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FRUEHAUF  KNOW-HOW  IS  GEARED 

TO  COMPLETE  MILITARY  SYSTEMS 

Fruehauf's  years  of  experience  in  meeting 
the  most  diversified  military  requirements 

have  produced  hundreds  of  different  units 

—  on  both  prime  and  subcontracts — from 
housings  for  delicate  electronic  devices 

to  complete,  massive  ground  support 

equipment. 

The  U.  S.  Army  Sergeant  System  is  an  ex- 

cellent example  of  Fruehauf's  proven  capa- 
bility in  the  field  of  space-age  weapons. 

Working  with  Sperry  Rand  Corporation, 

prime  contractor  on  this  highly  mobile 

system,  Fruehauf  produced  the  enclosures 

for  the  organizational  and  field  maintenance 

test  stations  and  the  missile  transporter. 

This  entirely  self-contained  system  can  go 

wherever  it  is  needed,  set  up,  test  and  as- 
semble the  missile,  fire  it,  and  be  on  the  road 

again — ready  to  deliver  another  lethal  blow 
— all  in  a  matter  of  minutes! 

For  more  information  on  Fruehauf's  vast 

capability  as  a  designer  and  producer  of  mili- 
tary equipment,  send  for  your  free  copy  of 

"Fruehauf  G.S.E.— Military  and  Missile." 

"ENGINEERED  TRANSPORTATION" —The  Key  to  Transportation  Savings 

FRUEHAUF 

MILITARY  PRODUCTS 

10940  HARPER  AVENUE,  DETROIT  32,  MICHIGAN 
51 37  S.  BOYLE  STREET,  LOS  ANGELES  58,  CALIFORNIA 

Circle  No.  15  on  Subscriber  Service  Card 



synchronized  sawtooth  sweep  voltage 
for  oscilloscope-display  deflection  is  ad- 

justable up  to  100  volts  peak-to-peak, 
and  the  starting  point  of  the  display 
sweep  is  also  adjustable.  An  adjustable 
triangular  marker  provides  not  only 
frequency  calibration  of  the  display, 
but  amplitude  calibration  as  well,  from 
30  millivolts  to  100  volts. 

Circle  No.  228  on  Subscriber  Service  Cord 

GSE  Power  Supply 

A  silicon-powered  rectifier  type  d-c 
power  supply  capable  of  providing  15- 
35  volts  d-c  at  0-200  amperes  d-c  is 
available  from  Perkin  Electronics  Corp. 
The  unit  has  a  specially  designed  tran- 

sistorized amplifier  to  provide  ±6  volts, 
dynamic  load  regulation  and  adjustable 
recovery  time  from  20  and  not  to  ex- 

ceed 100  milliseconds. 
The  unit  provides  a  static  line  and 

load  regulation  of  ±0.5%,  and  ripple 
is  1%  rms  maximum  over  the  entire 
output  voltage  range.  A  special  feature 
of  this  power  supply  is  its  design  to  per- 

mit any  combination  of  two  of  the  same 
power  supplies  to  operate  in  parallel 
in  conjunction  with  two  floating  bat- 

teries, also  operated  in  parallel. 
Circle  No.  229  on  Subscriber  Service  Card 

new  literature 

REINFORCED  PLASTIC  MATERI- 
ALS— A  complete  listing  in  tabular 

form  of  all  Poly-Preg  reinforced  plastic 
materials  manufactured  by  U.S.  Poly- 

meric Chemicals,  Inc.  is  available  from 
the  firm.  This  one-piece,  file-type  folder 
covers  29  different  grades  together  with 
their  commercial  form,  physical  char- 

acteristics, resin,  molding  properties 
and  typical  end  uses. 

Circle  No.  200  on  Subscriber  Service  Card 

SUBMINIATURE  TRIMMING  PO- 
TENTIOMETERS—Published  by  Day- 

strom,  Inc.,  a  technical  data  sheet  on 
Daystrom  255  Series  Squaretrim® 
subminiature  trimming  potentiometers 
provides  complete  specifications  cover- 

ing these  %-in.  square  adjustable  units. 
With  a  range  of  10  ohms  to  50  kilohms, 
operating  temperature  range  of  —55  to 
175°C,  a  power  rating  of  1  watt  in  still 
air  and  meeting  or  exceeding  all  appli- 

cable MIL-specs,  the  side-pin,  potenti- 
ometers in  the  Daystrom  Squaretrim 

255  Series  are  used  for  the  delicate  ad- 
justment of  computer,  control  telemeter- 

ing, missile  and  other  critical  circuits. 
Circle  No.  201  on  Subscriber  Service  Card 

CENTER  YOUR  OPERATIONS  AT  NASA'S 
FRONT  DOOR.  400.000  square  feet  of  the  finest 
Houston  office  work  area  is  available  just  across 
from  NASA's  main  gate.  Travel-time  saved,  traffic 
congestion  avoided  —  points  for  busy  aero-space 
suppliers  to  consider.  Designed  specifically  and 
technically  for  aero-space  people,  this  is  the  office 
complex  with  full  backdoor  recreational  facilities:'" 
marinas,  deep-sea  fishing,  swimming,  and  water- 
skiing.  And  all  situated  in  a  700-acre  planned 
community  of  handsome  apartments,  town  houses, 
residences,  parks  and  clubs.  Write  now  for  more 
information.  NASSAU  BAY  327  Houston  Bank 
&  Trust  Building.  Houston  2.  Texas. 

SPDT  COAXIAL  RF  SWITCHES— 
Quantatron,  Inc.  has  announced  the 
publication  of  a  two-page,  two-color 
technical  specification  sheet  describing 
the  company's  SPDT  Coaxial  RF  Switch 
Series  SA-90.  Series  consists  of  small, 
lightweight,  remotely-controlled  coaxial 
switches.  They  cover  the  frequency 
range  from  d-c  to  5  Gc.  Outstanding 
features  of  the  switches  are  described  in 
detail,  including  their  3-ounce  weight,  7 
millisecond  switching  time,  and  fail-safe 
operation.  The  data  sheet  also  lists  ap- 

plications and  mechanical  characteris- 
tics in  addition  to  full  1  RF  perform- 
ance specifications. 

Circle  No.  202  on  Subscriber  Service  Card 

DIGITAL  BUILDING  BLOCKS— A 
complete  catalog  of  data  sheets  on  a  full 
line  of  standard  digital  printed-circuit 
cards  has  been  issued  by  Dynatronics, 
Inc.  Designed  especially  for  data  proc- 

essing applications,  these  cards  provide 
all  general  logic  functions  in  addition  to 
special-purpose  and  system  input-output 
interface  requirements.  The  cards  are 
grouped  by  function  into  three  classes — 
Mc  logic  building  blocks,  special  cir- 

cuits and  universal  interface.  Designed 
for  high  reliability  under  extreme  en- 

vironmental conditions,  these  units  pro- 
vide the  design  engineer  with  a  family 

of  versatile  building  blocks  to  design  a 
complete  digital  system  from  a  logic 
rather  than  an  individual  circuit  level. 

Circle  No.  203  on  Subscriber  Service  Card 

THRUST  MEASURING  STANDS  — 
Seven  technical  bulletins  covering  the 
latest  Alinco  single  and  multi-component 
thrust  measuring  stands  is  available 
from  Allegany  Instrument  Co.,  Div.  of 
Textron  Electronics,  Inc.  Designed  to 
support  rocket  motors  and  to  permit 
accurate  measurements  of  thrust  com- 

ponents developed  during  subsequent 
static  firings,  several  of  these  stands  fea- 

ture in-place  load  cell  calibration  de- 
vices employing  the  deadweight-amplifi- cation beam  principle. 

Circle  No.  204  on  Subscriber  Service  Card 

STRATOGLAS  600  SI— Product  and 
technical  bulletins  are  available  from 
Air  Logistics  Corp.  describing  Strato- 
glas  600  SI,  a  reinforced  plastic  ma- 

terial, which  offers  an  unprecedented 
combination  of  impact  and  structural 
strength,  together  with  the  low  weight 
and  excellent  corrosion  resistance  of 
technical  grade  fiber  glass  materials. 
Stratoglas  600  SI  is  being  introduced, 
in  sheet  form,  as  the  lining  of  cargo 
compartments  on  the  Boeing  Model  727 
and  other  jet  aircraft.  However,  the 
unique  structural  properties  of  the  ma- 

terial, and  the  fact  that  it  is  also  avail- 
able in  special  molded  shapes,  suggest 

that  Stratoglas  600  SI  can  also  provide 
important  weight  and  cost  reductions 
in  missile  and  space  vehicle  applications. 

Circle  No.  205  on  Subscriber  Service  Card 
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reliability 

engineers 
Get  in  on  the  ACTION 

at  BELL  AEROSYSTEMS! 

New  programs  include  development 
of  a  lunar  landing  research  vehicle, 
advanced  AGENA  engines  and  a 
multiple  re-start  rocket  engine,  pure 
jet  VTOL  transport  planes  and  the 
SKMR-1  HYDROSKIMMER,  larg- 

est air  cushion  vehicle  in  the  U.  S. 

Assignments  are  immediately  avail- able for  work  in  the  prediction  of 
life  and  failure  modes  of  reliability 
for  propulsion  and  airplane  systems, 
documentation,  test  plan  reviews  and 
progress  appraisals,  as  well  as  initia- 

tion of  preventive  and  corrective  ac- 
tion via  design  reviews.  Positions  re- 

quire an  engineering  degree  and  5 
years  experience  in  reliability  or  de- 

sign engineering. 
Act  now — send  resumes  to  Mr.  T.  C. 
Fritschi,  Dept.  #C9. 

(©  BELL 
AE  ROSYSTEMS COMPANY  _^ 

P.  O.  Box  #1,  Buffalo  5,  N.  Y. 
An  Equal  Opportunity  Employer- 
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editorial . 

An  Objective  View 

THE  OTHER  DAY,  one  of  our  junior  staff  mem- 
bers brought  in  the  story  of  the  man  who  crossed 

a  tiger  with  a  parrot.  What  did  he  get? 
"I  don't  know,  but  when  it  talks,  you  listen." 
So  it  is  with  the  money  men  of  this,  or  any  other, 

industry.  When  they  talk,  you  listen.  The  Investment 
Bankers  Association  of  America  at  its  recent  con- 

vention took  a  close  look  at  the  missile/ space  indus- 
try. Its  findings  are  of  interest  because  the  investment 

bankers  can  take  a  more  objective  view  of  events 
and  prospects  than  can  either  government  or  the 
industry  itself. 

The  IBA  market  forecast  is  encouraging.  Predic- 
tion is  for  a  constant  $5-billion  outlay  for  Air  Force, 

Army  and  Navy  missiles  in  the  1965-70  period. 
During  the  same  period,  NASA  expenditures  are 

expected  to  climb  gradually  from  about  $6.25  billion 
to  $7.25  billion. 

Spending  on  military  space  systems  will  accel- 
erate from  about  $4  billion  in  1965  to  $9.5  billion 

in  1970,  in  the  view  of  the  bankers. 
The  outlook  thus  is  for  a  missile/ space  market 

of  some  $22  billion  in  1970,  with  expenditures  on 
the  military  space  program  exceeding  those  of  the 
civilian  space  program. 

This  expression  of  confidence  in  the  industry's future  on  the  part  of  the  investment  bankers  also 
bodes  well  for  a  healthy  financial  market  for  industry 
firms  during  this  period. 

Part  of  this  confidence  results  from  the  excellent 
past  performance  of  the  industry.  The  bankers  say: 

"Companies  in  the  aerospace  industry  have  on 
the  whole  done  an  extraordinary  job  of  changing 
over  from  a  business  characterized  by  large  produc- 

tion runs  to  one  increasingly  dominated  by  research, 
development  and  limited  production  quantities.  They 
have  displayed  considerable  farsightedness  and  in- 

genuity in  adapting  to  an  environment  of  rapid  tech- 
nological change  and  in  providing  the  management 

techniques  to  harness  the  technological  upsurge." 
IBA  also  is  encouraged  by  the  fact  that  top  man- 

agement of  both  NASA  and  the  Dept.  of  Defense 
has  expressed  determination  to  preserve  a  free  indus- 

trial society.  But  the  association  sees  some  danger 
signs: 

"There  is  almost  a  built-in  tendency  to  regard defense  industry  as  another  extension  of  the  govern- 
ment. It  is  understandable  that  many  conscientious 

officers  and  officials,  faced  with  the  responsibility  of 
administering  large  defense  contracts  and  the  ever- 
present  duty  to  hold  costs  down,  should  tend  to 
extend  their  concern  into  areas  normally  reserved 
for  industrial  management.  Unfortunately,  some  of 

these  administrators  seem  to  feel  it  is  also  their  duty 

to  hold  industry  profits  to  a  minimum." 
IBA  warns  that  the  trend,  if  allowed  to  go  un- 

checked, could  end  in  the  disappearance  of  the  free 
enterprise  system  from  this  part  of  the  economy. 
The  association  also  warns  that  too  narrow  profit 
margins  could  impair  the  ability  of  the  industry 
to  support  original,  company-financed  research  and 
development. 

Industry  leaders  have  been  calling  attention  to 
these  dangers  for  a  number  of  years.  We  hope  the 
Administration  will  pay  due  regard  to  this  note  of 
alarm  from  more  independent  observers — observers 
whose  confidence  must  be  maintained  if  the  industry 
is  to  remain  financially  healthy. 

The  bankers  draw  attention  to  two  developments 
in  this  connection,  one  favorable,  one  unfavorable: 

•  Wider  use  of  the  incentive  contract.  This  is 
regarded  by  IBA  as  improving  the  free  enterprise 
aspects  of  defense  contracting.  "Wider  use  of  the  in- centive contract  would  be  one  step  toward  allowing 
defense  industry  to  function  in  a  free  environment 
more  nearly  comparable  to  that  enjoyed  by  other 
American  industries,"  its  report  says. 

•  Renegotiation.  "The  company  which  has  taken 
a  proper  business  risk  and  earned  the  fair  rewards 
of  good  performance  should  not  be  subjected  to  a 
process  of  renegotiation  based  on  the  brilliance  of 
hindsight,"  the  association  warns.  IBA  says  the  will- 

ingness of  the  contractor  to  assume  risk  must  be 
matched  by  preservation  of  his  right  to  make  a  profit. 

THESE  THINGS  have  been  said  before,  by  this 
magazine  and  by  others  in  the  industry.  But  these 

are  the  observations  of  men  who  must  balance  the 
prospects  of  one  industry  against  another  in  making 
financial  decisions.  They  are  not  of  this  industry,  but 
of  many  industries. 

Therefore,  their  detection  of  "almost  a  built-in 
tendency  to  regard  defense  industry  as  another  ex- 

tension of  government"  carries  considerable  signifi- 
cance. They  also  point  out  the  consequences  if  this 

tendency  continues  to  be  ignored. 
The  nation  cannot  afford  to  tolerate  the  risk  of 

over-management  by  government  agencies,  nor  con- 
tinue to  ask  survival  on  profits  too  marginal  for 

industry  health. 
The  investment  bankers  have  pointed  to  the  sub- 

stantial growth  potential  of  this  industry;  they  also 
have  indicated  danger  areas  which  if  not  treated  can 
stunt  that  growth.  We  note  with  high  regard  these 
views  of  the  money  men — and  fervently  hope  that 
when  they  talk,  somebody  listens. 

William  J.  Coughlin 
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Quantify  the  complex 

on  important  projects 

at  Hughes! 

SURVEYOR  (soft  lunar  landing  space- 
craft), SYNCOM  (synchronous  communi- 

cations satellites),  VATE  (automatic  test 
equipment),  anti-ballistic  missile  defense 
systems  (boost-intercept,  mid-course, 
terminal)— these  areafewof  the  many  im- 

portant and  complex  projects  under  de- 
sign, development  and  study  at  Hughes. 

Because  of  these  projects  and  others 
important  to  the  nation's  defense,  pre- 

paredness and  space  effort,  Hughes  of- 
fers more  opportunities  to  Systems  An- 

alysts than  ever  before. 

Involved  with  these  positions  are  the  con- 
sideration of  many  basic  problems  such 

as:  the  proper  mix  of  manned  vs.  un- 
manned satellites;  the  requirements  of 

manned  space  flight;  IR  systems  require- 
ments for  high  speed  strike  reconnais- 
sance systems  or  unmanned  satellites; 

analysis  of  weapon  systems  from  con- 
ception through  development,  test  and 

customer  use;  and  many  others. 

Inquire  today.  If  you  are  a  graduate 
engineer  or  physicist  from  an  accredited 
university,  a  U.  S.  citizen,  and  believe 
that  you  can  contribute  to  and  benefit 
from  the  important  projects  at  Hughes, 
contact  us  today.  Airmail  your  resume  to: 
Mr.  Robert  A.  Martin, 
Head  of  Employment 
Hughes  Aerospace  Divisions 
11940  W.  Jefferson  Blvd., 
Culver  City  35,  California 
We  promise  you  a  reply  within  one  week. 
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K  1500  automatic  electronic  switching  systems 

The  K-1500  series  is  designed  for  advanced  communications  use  by  government  and  the  military.  This  fully  transistor- 
ized two  or  four  wire  system  combines  the  advantages  of  space  division  in  the  voice  paths  and  time  division  in  the 

control  circuits.  Replacing  a  roomful  of  sprawling  equipment,  the  K-1500  series  simplifies  and  expedites  the  switching 
of  both  vocal  and  coded  data  communications.  The  completely  self-contained  system  occupies  as  little  space  as  two 
4-drawer  file  cabinets,  operates  on  as  little  power  as  a  television  set,  and  can  be  installed  in  a  matter  of  hours.  The 
K-1500  is  easy  to  operate;  the  color-coded,  cordless  attendant's  console  shows  the  operator  what  to  do  at  any  given 
time.  The  K-1500  is  easily  maintained;  miniaturized  solid  state  circuitry  is  on  interchangeable  printed  circuit  cards. 
The  K-1500  is  readily  expandable,  one  of  the  many  benefits  of  modular  construction.  The  system  can  be  expanded  to 
accommodate  any  number  of  lines  for  intra  unit  and  outside  calls -and  is  not  affected  by  environmental  variations. 
Unique  proven  logic  concepts  and  features  assure  that  the  K-1500  is  ready,  now,  to  do  your  communications  job. 

-L_I_J_    XVJLLl JjJLJV/VXVX   COMMUNICATIONS  SYSTEMS 
A  DIVISION  OF  INTERNATIONAL  TELEPHONE  AND  TELEGRAPH  CORPORATION  •  500  NORTH  PULASKI  ROAD.  CHICAGO  24,  ILLINOIS 
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Antenna  on  First  Satellite  Communications  Ship 

Minuteman  Operational  at  Malmstrom .  . 

NASA  Sees  Swelling  Need  for  SNAP  .... 

Army  Satellites  to  Enhance  Mapping.  .  .  J  . 



Once  in  orbit,  OGO  (NASA's  Orbiting  Geophysical 
Observatory)  must  orient  scientific  equipment  in  three  direc- 

tions. Some  of  its  experimental  packages  must  line  up  per- 
pendicular to  the  sun's  rays.  Other  experiments  must  turn  to 

face  the  earth.  Another  group  must  seek  a  line  parallel  to 
OGO's  own  orbital  plane.  STL  engineers  and  scientists  have 
produced  a  hermetically  sealed  drive  mechanism  to  help 
solve  these  orientation  requirements.  Two  mechanisms  are 
used  in  OGO's  attitude  control  system.  One  rotates  solar 
arrays  in  continuous  orientation  with  the  sun;  a  second  keeps 
experiment  packages  fixed  in  desired  position  with  respect 
to  the  orbital  plane.  The  drive  mechanism  (shown  above)  is 
hermetically  sealed  to  permit  use  of  a  conventional  high- 

speed servo-motor  without  the  usual  problems  of  gear  lubri- 
cation. It  does  its  work  by  wabble  or  twist  motion  at  a  rate 

of  one  degree  per  second  with  a  final  gear  reduction  of  about 
24,000  to  1.  STL's  many  projects  include  building  OGO 
spacecraft  for  NASA's  Goddard  Space  Flight  Center,  build- 

ing spacecraft  for  Air  Force-ARPA,  and  continuing  Systems 
Management  for  the  Air  Force's  Atlas,  Titan  and  Minute- 
man  programs.  These  activities  create  immediate  openings 
in  fields  such  as:  Space  Physics,  Radar  Systems,  Applied 
Mathematics,  Space  Communications,  Antennas  and  Micro- 

waves, Analog  Computers,  Computer  Design,  Digital  Com- 
puters, Guidance  and  Navigation,  Electromechanical  De- 

vices, Engineering  Mechanics,  Propulsion  Systems,  Materials 
Research.  For  Southern  California  or  Cape  Canaveral  posi- 

tions, write  Dr.  R.  C.  Potter,  One  Space  Park,  Dept.  B-14, 
Redondo  Beach,  California  or  P.  O.  Box  4277,  Patrick  AFB, 
Florida.  STL  is  an  equal  opportunity  employer. 

SPACE  TECHNOLOGY  LABORATORIES,  INC. 
a  subsidiary  of  Thompson  Ramo  Wooldridge  Inc. 

Los  Angeles  ■  Vandenberg  AFB  •  Norton  AFB,  San  Bernardino  .  Cape  Canaveral  •  Washington,  D.  C.  •  Boston  •  Huntsville  •  Dayton 



IDEA:  Create  the  world's  most  wide-eyed  radar  antenna 
In  the  middle  of  that  circle  is  the  world's  largest  hemi- 

spheric radar  lens.  Its  prime  advantage:  Continuous, 
horizon-to-horizon  coverage  and  a  full  360°  scan  ...  a 
major  improvement  over  parabolic  antennas  which  can 
"see"  in  only  one  direction  at  any  instant.  Its  purpose: 
To  focus  transmitted  radar  impulses  bouncing  off  an 
attacking  ICBM. 
Data  provided  by  this  antenna  permitted  computers  to 
plot  an  intercept  course  for  Nike  Zeus,  the  Army's  anti- 

missile missile  system,  which  recently  demonstrated  the 
first  successful  intercept  of  an  Atlas-boosted  ICBM  tar- 

get vehicle. 
This  radar  antenna  measures  100  feet  in  diameter  and 
contains  tens  of  thousands  of  foamed  plastic  cubes  em- 

bedded with  metal  particles.  Yet  for  all  its  size  and 
weight,  the  1,800,000-pound  lens  and  supporting  struc- 

ture rotate  with  the  precision  of  a  fine  watch.  It  was 
designed  and  developed  by  GAC  — Goodyear  Aircraft 
Corporation— part  of  the  nationwide  industrial  team 
brought  together  by  Bell  Telephone  Laboratories  and 
Western  Electric  to  develop  the  Army's  Nike  Zeus  system. 

And  radar  structures  are  only  one  of  GAC's  many  capa- 
bilities. We  can  also  help  you  with  advanced  systems  and 

aerospace  support  equipment  .  .  .  electronic  subsystems 
.  .  .  lightweight  structures  ...  or  missile  requirements. 
How?  Write  Goodyear  Aircraft  Corporation,  Dept. 
914PX,  Akron  15,  Ohio,  or  Litchfield  Park,  Arizona. 

LAND,  SEA,  AIR  OR  | SPACE | . .  .TALENT  THAT  BUILDS  BETTER  DEFENSE  SYSTEMS 

good/year 
GOODYEAR  AIRCRAFT  COf^PO!?  A>tf  ION 
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A  current  Bellcomm  project 

The  Moon,  Mars,  Venus,  long  objects  of  wonder,  are  now  destined  for  ex- 
ploration. *  As  you  read  this,  Bellcomm  is  at  work  for  NASA-planning 

early  phases  of  this  vast  exploration,  analyzing  systems  needed  for  landing 

man  on  the  moon.  *  If  you're  qualified,  you  might  like  to  join  the  vanguard 
of  the  expedition.  There  are  rewarding  openings  in  the  fields  of  physics, 
mathematics,  engineering,  flight  mechanics,  propulsion,  man-machine  re- 

lationships, aerodynamics  and  aeronautical  engineering.  *  Bellcomm,  the 
newest  company  of  the  Bell  System,  is  an  equal  opportunity  employer  located 
in  Washington,  D.  C.  Resumes  will  be  promptly  and  carefully  considered. 
Address  them  to  Mr.  W.  W.  Braunwarth,  Personnel  Director,  Bellcomm,  Inc., 
Room  501F,  1737  L  Street,  N.W.,  Washington  6,  D.  C.  * 

BELLCOMM,  INC. 
A  Bell  Telephone  System  Company 

([(5Q   Left  to  right,  above,  astronomical  symbols  for  the  Moon,  Mars,  and  Venus. 
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shipboard  communications  equipment. 
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letters 

Reliability  Campaign 
To  the  Editor: 

Your  Oct.  29  editorial,  "Responsibility 
in  Crisis,"  reflects  a  continuing  laudable 
effort  on  the  part  of  M/R  to  call  attention 
to  the  important  issues  of  our  national  de- 

fense with  force,  clarity  and  solid  common 
sense. 

We  agree  that  the  present  world  situa- 
tion requires  the  utmost  in  reliability  of 

the  weapons  we  produce  and  that  "nothing 
less  than  100%  performance  is  acceptable." 

In  referring  to  the  Bullpup  missile,  you 
asked  whether  Martin  (for  example)  has 
done  everything  possible  to  assure  this 
kind  of  performance.  Our  answer  to  that 
question  is  that  we  are  certainly  trying, 
and  have  taken  many  positive  actions  in 
our  efforts  to  achieve  a  high  degree  of  re- 

liability in  all  of  our  programs. 
Most  recently,  we  have  started  a  Zero 

Defects  program  which  is  directed  at  im- 
proving the  personal  performance  of  every 

one  of  our  plant's  10,000  workers.  The 
purpose  of  this  Zero  Defects  program  is 
to  motivate  our  employees  to  have  a  con- 

stant, conscious  desire  to  try  to  do  every 
job  right  the  first  time.  Our  success — ■ 
through  this  program — in  preventing  de- 

fects has  been  beyond  our  expectations. 
Here  are  just  some  of  the  results: 

Entire  Pershing  ground  support 
sets  have   been   delivered  to  the 

Army  without  defects  in  either 
hardware  or  documentation. 

Overall  plant  reject  (defective 
hardware  and  documentation)  rate 
has  dropped  25%  as  compared  with 
the  same  period  in  1961. 

Scrap  cost  percentages  have 
been  reduced  40%  as  compared 
with  the  same  period  in  1961. 
The  Zero  Defects  program  has  caught 

on  with  many  of  our  vendors  and  sub- 
contractors. As  an  example,  the  Dev-Tek 

Corporation  of  Orlando  has  delivered, 
since  May  of  this  year,  more  than  32,500 
printed  circuit  boards  without  a  reject. 
The  fact  that  we  are  being  swamped  with 
requests  from  industry  and  military  or- 

ganizations throughout  the  nation  for  in- 
formation on  Zero  Defects  is  another  indi- 

cation of  the  interest  this  effort  has 

generated. 
Your  editorial  neatly  phrased  the  senti- 

ments of  Martin  when  it  stated:  "Nothing less  than  full  effort  is  acceptable  to  the 
nation."  We  subscribe  to  this  completely, 
and  want  to  assure  you  that  every  effort 
possible  is  being  made  to  provide  our  na- 

tion with  the  most  reliable  weapon  sys- 
tems in  the  world. 

J.  F.  Halpin 
Director,  Quality  Division Martin  Company 
Orlando,  Fla. 

In  Defense  of  Meetings 

AUTOCOLL1MATION 
with 
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111  BOWMAN  AVENUE/  PORT  CHESTER,  N.  Y. 
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To  the  Editor: 
For  some  time  now  I  have  watched  the 

barrage  of  opinion  against  the  number  and 
quality  of  technical  meetings,  most  of 
which  criticisms  have  been  out  of  balance 
and  lacked  recognition  of  the  main  pur- 

poses of  attending  meetings. 
A  technical  meeting  is  the  only  occa- 

sion which  forces  some  of  us  to  take  the 
time  to  hear  and  recognize  what  is  going 
on  outside  a  specialized  sphere  of  work 
which  is  limited  simply  by  the  fact  that 
you  as  a  person  or  company  are  isolated 
from  the  rest  of  the  field.  Can  anyone 
visualize  a  responsible  person  being  able 
to  otherwise  isolate  himself  from  the  daily 
grind  for  four  days,  let's  say?  Of  course not. 

I  have  found  by  attending  meetings 
that  there  has  yet  to  be  an  occasion  on 
which  I  did  not  come  back  with  a  gold 
nugget  of  value — in  some  new  technique, 
idea  or  understanding  new  acquaintance. 
It  was  at  such  an  occasion,  for  example, 
that  I  finally  recognized  an  Air  Force  cap- 

tain's needs  for  help  on  a  major  technical 
problem  which  subsequently  resulted  in  an 
RFP  of  technical  and  monetary  signifi- 
cance. 

At  times  there  simply  is  no  other  way 
in  which  you  can  hear  the  policies  of,  or 
meet,  responsible  people.  Even  if  an  in- 

vitation were  extended,  the  money  and  the 
time  required  for  individual  appointments 
would  be  far  in  excess  of  that  required  for meetings. 

As  long  as  statistical  distribution  exists, 
the  quality  of  material  presented  at  meet- 

ings will  also  vary.  That  is  not  to  say  that 
nothing  can  be  done  to  improve  the  level 
of  papers:  the  technical  level  is  clearly  the 
responsibility  of  the  review  committee,  as 
should  be  the  quality  of  presentation.  The 
technical  societies  are  surely  not  unaware 
of  audiovisual  media  technique.  A  compul- 

sory review  of  this  phase  would  do  much 
to  raise  the  general  acceptability  of  papers. 
The  horrors  committed  upon  audiences  by 
accomplished  scientific  workers  who  are 
unaccomplished  speakers  are  well  known 
to  all  of  us. 

The  "politicking"  phase  of  meetings  is 
sometimes  also  labeled  objectionable.  This 
is  a  legitimate,  inescapable,  valuable  and 
desirable  part  of  meetings.  We  are  all 
individuals,  and  our  personal  progress  is 
foremost.  The  opportunity  for  high  pro- 

fessional association  is  what  a  company 
implicitly  promises  you — and  what  you  as 
a  member  of  the  technical  community  are entitled  to. 

Finally,  it  is  easy,  if  a  company  wishes, 
to  check  for  value  received.  How  many 
people  on  decision-making  levels  request, 
get  or  use  written  or  oral  trip  reports  or 
briefings?  You  can  easily  tell  if  you  are 
getting  your  money's  worth  in  reasonably tangible  terms. William  Nagy 

Seattle,  Wash. 
missiles  and  rockets,  December  17,  1962 



Wanted:  Down-to-earth  jobs  for 

space-tested  gearless  torquers! 

Any  positioning  or  tensioning  task  calling  for  out- 
put torque  between  0.1  and  3,000  pound  feet  can  be 

performed  better  by  an  Inland  pancake-type  d-c  torque 
motor  than  anything  else. 

Why?  Because  these  compact  gearless  torquers  have 
torque-to-inertia  ratios  10  times  higher  than  equivalent 
gear  train  servo  motors.  Results?  Faster,  more  accurate 
response.  Constant  shaft  output  despite  varying  loads. 
Freedom  from  back-lash  and  time-lag. 

Proof?  Inland  d-c  torquers  were  in  on  every  major 
missile  launched  in  1961  and  1962  to  date.  Doing  what? 

Making  unique  contributions  to  servo  systems  respon- 
sible for  keeping  solar  energy  cells  aimed  at  the  sun  .  .  . 

cameras  focused  on  the  earth  .  .  .  tracking  antennas 
locked  on  Mercury  Project  rockets  and  capsules. 

Cost?  Far  less  than  the  total  cost  of  repeated  position- 
ing or  tensioning  errors.  So,  if  you're  currently  working 

on  a  servo  system  that  calls  for  fast,  high-resolution 
response,  it  will  pay  you  to  compare  Inland  gearless 
torquers  with  any  alternative. 

Write  for  data  on  Inland  direct-drive  torquers.  prod- 
ucts of  Inland  Motor  Corporation  of  Virginia,  a  sub- 

sidiary of  Kollmoraen  Corporation. 

Wi  W&IMm  MOTOR  STOIES A     SUBSIDIARY     OF      KOLLMORGEN  CORPORATION 

NORTHAMPTON,  MASS. 
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All  Titan  I's  are  operational 
The  entire  force  of  Titan  I  intercontinental  ballistic 
missiles  is  now  operational.  Six  squadrons. 

This  achievement  met  a  schedule  laid  down  by  the 
Air  Force  in  1959,  calling  on  Martin  Company  to 
design,  fabricate,  test  and  deliver  a  reliable,  opera- 

tional Titan  system. 
Martin  was  also  called  upon  to  manage  the  simul- 

taneous development  and  completion  of  steel  and 
concrete  underground  silos  to  protect  the  missiles 

and  hold  them  ready  for  firing  against  targets  more 
than  6,300  statute  miles  away. 

The  missiles  were  ready  and  this  most  complex 
and  difficult  construction  project  in  history  was  fin- 

ished in  late  summer,  1962 — as  scheduled. 
Already  well  on  the  way  toward  completion  and 

operational  status  are  six  more  hard-based  squad- 
rons for  Titan  II,  more  powerful,  faster-reacting 

Air  Force  ICBM. 

© 

I 



The  Countdown 

WASHINGTON 

New  FABMDS  Program  Is  Okayed 

Pentagon  go-ahead  for  a  new  Field  Army  Ballistic 
Missile  Defense  System  (AADS-70)  calls  for  $1-2  million 
to  be  spent  on  program  definition  in  the  Fiscal  '64  budget. 
The  Army  will  go  out  to  industry  for  proposals  in  mid- 
January  in  an  open  competition.  Bids  will  be  due  60  days 
later  and  program  definition  awards  are  to  be  made  in 
May  to  two  or  more  contractors. 

Saturn-Agena  Launch  Vehicle  Studied 
A  formal  group  has  been  established  within  NASA  to 

study  a  possible  Saturn-Agena  launch  vehicle  as  backup 
to  the  delay-plagued  Centaur  program.  Officials  are  hop- 

ing such  a  step  won't  be  necessary,  since  payload  capa- bility of  2000  lbs.  is  considered  far  too  small. 

New  Warheads  for  Polaris  and  Minuteman 

One  of  the  least-discussed  improvements  attainable  in 
warhead  effectiveness  is  that  of  using  more  than  one 
re-entry  body  per  missile  to  improve  target  coverage. 
Although  this  decreases  warhead  yield  for  each  re-entry 
body,  overall  effectiveness  on  target  is  increased.  Both 
Navy  and  Air  Force  are  reported  to  be  working  on  this 
concept  for  advanced  versions  of  Polaris  and  Minuteman. 

Surveyor  Tests  to  Start  at  Holloman 

NASA  plans  to  test  the  Surveyor  spacecraft's  lunar 
soft-landing  capability  at  Holloman  AFB  early  next  year. 
Space  agency  scientists  now  are  committed  to  a  2100-lb. 
spacecraft  in  the  belief  that  further  scaling-down  would 
negate  most  of  its  scientific  value. 

Errant  Polaris  Leads  to  Probe 

A  full-scale  re-examination  of  destruct  package  re- 
quirements for  solid-fuel  missiles  is  expected  as  a  result 

of  fears  aroused  by  a  runaway  Polaris  A-3  on  Dec.  7. 
The  missile  failed  to  destroy  itself  completely  when  the 
command  destruct  signal  was  given.  A  large  section 
veered  off  on  a  northeasterly  course  and  fell  in  the 
Atlantic  150  miles  east  of  Savannah,  Ga.  Only  chance 
prevented  it  from  falling  inland. 

Minuteman  Was  Ready  for  Cuba 

Although  it  was  not  announced  at  the  time,  one  10- 
missile  Minuteman  flight  at  Malmstrom  AFB  was  turned 
over  to  SAC  during  the  Cuban  crisis.  Official  operational 
turn-over  was  last  week  (see  p.  14).  But  contractors, 
laborers  and  military  personnel  worked  around  the  clock 
to  get  the  complex  ready  for  action  during  the  tense  week 
in  October  when  it  appeared  the  ICBM's  might  be  needed. 
Air  Force  spokesmen  are  high  in  praise  of  the  cooperation 
received.  Some  contractors  are  refusing  to  bill  AF  for  the 
extra  effort. 

Mercury  Control  to  Be  Expanded 
The  Mercury  control  center  at  Cape  Canaveral  will 

be  expanded  for  the  Gemini  and  Apollo  programs.  The 
Army  Corps  of  Engineers  has  set  Jan.  4  for  a  bid  opening 
on  a  7200-ft.  expansion  of  the  center.  Alterations,  which 
will  cost  $300,000,  are  to  be  completed  on  a  rush  basis 
by  June  15. 

Pershing  Mobility  Tests  Under  Way 
A  Chinook  helicopter  is  being  used  at  McCoy  AFB 

to  flight-test  mobility  of  the  Pershing  missile  and  other 
components  of  the  weapon  system.  The  missile  system 
will  be  airlifted  by  the  Chinook  to  other  Florida  areas. 

Polaris  Achieves  High  Readiness  Record 
The  Navy  says  all  16  missiles  on  each  Polaris  sub- 

marine have  been  ready  to  fire  95%  of  the  time  while 
the  sub  is  on  station.  Fifteen  of  the  16  missiles  have 
been  ready  to  fire  an  impressive  99%  of  the  time.  The 
figures  were  released  by  Navy  Secretary  Fred  Korth. 

INDUSTRY 

Need  Seen  for  20  to  40  Aerospace  Trainers 
Competition  between  Lockheed  and  Northrop  for  a 

contract  to  build  20  to  40  rocket-powered  aerospace 
trainers  is  becoming  hotter.  Lockheed  is  offering  an  all- 
rocket  version  of  the  three  turbojet-and-rocket  NF-104 
aerospace  trainers,  which  already  are  being  modified. 
Northrop  proposal,  said  to  have  the  inside  track  with 
Col.  Charles  Yeager,  boss  of  the  USAF  Aerospace  Re- 

search Pilot  School,  is  a  version  of  the  two-place  T-38. 

Parallel  Propulsion  Development  for  LEM 
North  American  Aviation's  Rocketdyne  Div.  and 

Thiokol's  Reaction  Motors  Div.  are  emerging  as  favorites 
in  a  parallel  development  effort  for  the  lunar  descent 
propulsion  system  for  the  Lunar  Excursion  Module. 
Selection  of  two  firms  for  the  early  development  phase 
was  said  to  have  been  favored  by  NASA,  with  Grumman 
preferring  a  single  contractor.  Reaction  control  engine 
development  is  expected  to  go  to  Marquardt,  with  Bell 
Aerospace  the  favorite  to  win  the  lunar  takeoff  engine 
competition. 

AF  Rocket  Center  Shifts  to  Research  Div. 

Air  Force's  6593rd  Test  Group  (Dev.)  at  Edwards 
AFB  has  been  transferred  from  Space  Systems  Div.  to 
the  newly  formed  Research  and  Technology  Div.  head- 

quartered at  Boiling  Field  in  Washington,  D.C.  The  or- 
ganization will  be  re-named  the  Air  Force  Rocket  Pro- 

pulsion Laboratory.  Six  other  AF  Systems  Command 
laboratories  are  in  the  R&T  division  structure,  but  the 
Edwards  facility  will  be  the  only  one  conducting  rocket 
research  programs. 

INTERNATIONAL 

New  Swedish  Missile  Development  Set 
Saab  will  develop  a  new  air-to-surface  missile  as  pri- 

mary armament  for  the  new  Viggen  fighter  to  be  built 
for  the  Swedish  Air  Force.  Saab  is  prime  contractor  for 
the  entire  system,  designated  System  37.  A  modernized 
version  of  the  Robot  304  air-to-sea  missile  which  now 
is  standard  armament  on  the  A-32  also  will  be  developed 
for  Viggen. 

French  Space  Budget  Doubles 
The  French  budget  for  1963  earmarks  a  total  of  some 

$32  million  for  space  research.  This  is  double  the  1962 
budget.  The  program  includes  $1  million  for  a  research 
program  in  cooperation  with  NASA. 
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HALF  A  WORLD  LONG 

The  Problem . . . 

Space  Vehicle  Recovery 

How  do  you  guide  a  manned,  maneuverable  re- 
entry vehicle  to  a  routine  landing  .  .  .  from  200 

miles  up,  10,000  miles  out? 

What  are  the  basic  system  requirements,  the 
operational  concepts  of  a  Recovery  Control 
Center?  What  limits  and  tolerances  will  exist  for 
each  stage  of  the  recovery  process  (re-entry, 
hypersonic  flight,  terminal  approach,  etc.)  ?  What 
are  the  flight  parameters,  the  human  factors? 
What  is  needed  in  the  way  of  vehicle  energy  man- 

agement, ground  guidance,  range  instrumentation, 
data  processing,  data  handling,  display,  communi- 

cations, trajectory  analysis,  information  flow 
analysis? 

For  over  three  years  a  Raytheon  team  led  by 
R.  L.  Schroeder  and  John  Zvara  has  been  investi- 

gating these  and  other  recovery  problems.  Primary 

emphasis  has  been  placed  on  NASA's  Gemini  and 
Apollo,  USAF's  X-20  (Dyna-Soar),  SLOMAR,  and 
recoverable  booster  programs. 

Result:  A  unique  conceptual  techniques  capa- 
bility. Understanding  of  what  must  be  done  to 

make  a  Recovery  Control  System  work.  Allied  ex- 
perience in  real-time  data  processing  and  display, 

communications,  and  hypersonic  vehicle  guidance. 

Schroeder,  Zvara  and  other  Raytheon  scientists 
have  published  many  technical  articles  on  recovery 
control  requirements,  problems  and  concepts.  We 
have  collected  a  number  of  these  and  bound  them 
under  a  single  cover.  If  you  would  like  a  copy  of 
this  comprehensive  document  on  system  require- 

ments for  manned  space  vehicle  recovery,  write: 
M.  B.  Curran,  Dept.  GM  13-6A,  Raytheon  Co., 
Lexington  73,  Massachusetts. 

Raytheon's  John  Zvara  (left)  and  R.  L.  Schroeder 

RAYTHEON 



The  New  NEMS-CLARKE 

Receiver  Is  Easy  To  Change! 

1.  Solid  State  and  Nuvistorized        3.  Plug-in  Spectrum  Display 
2.  Modularized  construction  4.  Meets  I  RIG  Standards 

5.  Provides  All  Standard  Modulation  Modes 

The  new  1037  solid  state  modularized  receiver  with  plug-in  front  end  modules 
reduces  obsolescence  and  affords  complete  frequency  coverage  of  all  authorized 
telemetry  bands.  Modular  RF  Tuners  are  available  covering  frequency  range 
from  55  to  2350  mc;  all  IRIG  IF  bandwidths  from  12.5  kc  to  1.5  mc  are 
available  with  individually  matched  FM  discriminators.  Phase  lock  FM  de- 

modulation and  synchronous  PM  and  AM  demodulation  can  be  added.  Send 
today  for  a  free  brochure  on  the  newest  and  most  easy-to-change  telemetry 
receiver:  The  Nems-Clarke  1037. 

For  further  information  write: 
Vitro  Electronics,  919  Jcsup-Blair  Drive, 
Silver  Spring,  Maryland. 
Sales  Offices:  Houston  and  Los  Angeles 
A  Division  of  Vitro  Corporation  of  America 

1^ 

Specifications : 

1  Nine  plug-in  front  ends .  . .  (55-2350  mc 
2.  IF  bandwidths .  .  .  12.5,  25,  50,  100,  300, 

500,750,1000,1500  kc  standard. 
3.  Video  Filter  .  .  .  selectable  cut-off  fre- 

quencies of  12.5,  25,  50,  100,  300,  500, 
1000  kc,  attenuation  slope  18db  octove 

4.  Demodulation  FM  and  AM  Standard;  PM, 
Synchronous  AM,  and  phase  lock  FM  can 
be  added. 

12 Circle  No.  12  on  Subscriber  Service  Card 

The  Missile / Space 

Skybolt  Fate  Uncertain 
No  final  decision  on  cancellation 

of  the  Skybolt  air-launched  ballistic 
missile  will  be  made  until  after 
President  Kennedy  meets  with  Brit- 

ish Prime  Minister  Harold  McMillan 
in  Bermuda  this  week. 

While  noting  that  Britain  has  an 
important  equity  in  the  Skybolt,  the 
President  last  week  questioned  the 
value  of  the  missile  system  in  light 
of  its  five  consecutive  test  failures, 
the  $500  million  already  spent 
through  FY  '63  for  its  development 
and  the  estimated  $2.5  billion  for 
the  production  and  procurement  of 
the  system. 

Even  without  Skybolt,  the  Presi- 
dent said,  the  British  would  continue 

to  play  a  significant  role  as  a  nu- 
clear power. 

Last  week,  British  reaction  to 

the  U.S.  Defense  Department's  de- cision to  cancel  the  Skybolt  program 
appeared  to  offer  some  indication 
that  the  U.S.  decision  was  not  irre- 

vocable. Secretary  of  State  Dean 
Rusk  in  a  news  conference  said  that 

Skybolt's  future  "is  not  yet  settled." 
However,  Secretary  of  Defense 

McNamara's  decision  to  cancel  the 
program  was  based  on  a  review  of 
the  entire  program,  its  operational 
objectives  and  cost/effectiveness  of 
the  system  against  anticipated  So- viet threat. 

On  the  basis  of  this  review,  ac- 
cording to  one  DOD  official,  it  is 

apparent  that  the  1000-mile  sup- 
pressive-fire  missile  will  be  obsolete 
before  it  becomes  operational. 

Hardest  hit  by  cancellation  of 
Skybolt  would  be  Douglas  Aircraft 
Co.'s  Missiles  and  Space  Div.  in 
Santa  Monica,  Calif.  Company  offi- 

cials estimate  that  one  out  of  every 
six  employees,  about  17%  of  its 
total  work  force,  are  engaged  in  the 
Skybolt  program.  Also  hard  hit  by 
cessation  of  the  program  would  be 
Nortronics  Div.  of  Northrop  Corp., 
guidance  contractor;  Aerojet-Gen- 

eral Corp.,  propulsion  contractor 
and  General  Electric  Co.,  re-entry 
body  contractor. 

NASA  Sifts  Mariner  II  Data 
Useful  results  were  expected  by 

NASA  officials  from  the  Dec.  14 
Venus  fly-by  of  Mariner  II  despite 
spacecraft  temperatures  that  aver- 

aged 20%  higher  than  predicted levels. 

The  447-lb.  spacecraft  was 
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Week 

launched  by  NASA  Aug.  27.  Its 
109-day  journey  to  Venus  covered 
182  million  miles.  During  the  long 
cruise,  it  set  a  long-distance  com- 

munication record  of  36  million 
miles  and  performed  the  first  success- 

ful U.S.  guidance  maneuver  in  space. 
Mariner  carries  six  scientific  ex- 

periments. Four  of  these — turned  on 
two  days  after  launch — provided  in- 

valuable information  on  magnetic 
fields,  radiation  and  dust  particles 
in  space. 

Its  two  most  important  experi- 
ments— a  microwave  radiometer  and 

an  infrared  radiometer — were  sched- 
uled to  scan  the  Venus  surface  and 

atmosphere  for  42  minutes  just  be- 
fore its  closest  approach  to  the 

planet.  The  experiments  are  designed 
to  answer  the  age-old  question  of 
whether  some  form  of  life  is  pos- 

sible on  the  planet. 
Space  agency  officials  estimated 

Mariner  passed  21,000  miles  from 
Venus  at  3:01  p.m.  EST  Dec.  14. 

Relay,  S-55  Ready  To  Go 
Launch  of  an  S-55  micrometeor- 

oid  and  a  Relay  communications  sat- 
ellite were  scheduled  for  late  last 

week  by  NASA.  Earliest  date  for 
Relay  was  Dec.  13 ;  for  S-55,  Dec.  14. 

Relay  was  to  go  from  Canav- 
eral aboard  a  Delta  booster,  which 

had  chalked  up  13  straight  success- 
ful flights. 
RCA  is  prime  contractor  for  the 

low-altitude  active  repeater  satellite. 
If  successful,  it  will  be  the  first 
space-communication  experiment  to 
link  three  continents,  North  Amer- 

ica, Europe  and  South  America. 
The  S-55  was  due  to  be  launched 

by  a  four-stage  Scout  booster  from 
Wallops  Island,  Va.  Its  primary  ob- 

jective was  to  determine  whether 
micrometeorites  are  hazardous  to 
space  vehicles.  If  a  successful  orbit 
is  achieved,  the  satellite  will  be  called 
Explorer  XVI  (see  photos,  p.  37). 

Shots  of  the  Week 

An  Army  Nike-Zeus  antimissile 
missile  successfully  intercepted  an 
Atlas  target  vehicle  over  Kwajalein 
Island,  Dec.  12,  the  Defense  Depart- 

ment announced  last  week.  It  was 
the  second  successful  intercept  an- 

nounced by  DOD;  the  first  took 
place  July  19. 

Two  Western  Electric  Nike-Zeus 
missiles  were  fired  from  Kwajalein, 
according  to  DOD.  The  first  missile 

made  the  intercept  while  the  second 
was  destroyed  after  it  veered  off 
course. 

The  target  vehicle  had  been 
launched  from  Vandenberg  AFB, 
Calif,  by  a  General  Dynamics  Atlas 
D  ICBM  fired  by  a  SAC  crew  from 
the  576th  Strategic  Missile  squad- 

ron. The  launch  was  initially  termed 
"a  routine  training"  exercise  by  AF 
officials.  The  Atlas  was  programed 
for  a  flight  of  more  than  5000  miles. 

•  Announcement  of  the  opera- 
tional status  of  the  Boeing  Minute- 

man  at  Malmstrom  AFB,  Mont,  (see 
story  p.  14)  was  dimmed  somewhat 
when  a  Minute-man  destroyed  itself 
Dec.  10  after  launch  from  Vanden- 

berg AFB.  No  explanation  as  to  why 
the  solid-fueled  ICBM  "blew  itself 
up"  shortly  after  launch  was  imme- 

diately available. 

•  Martin's  Pershing,  the  U.S. 
Army's  solid-fueled  replacement  for 
Redstone,  was  successfully  fired 
from  Cape  Canaveral  Dec.  10.  Test 
objectives  included  zig-zag  maneu- 

vers to  test  ability  of  the  missile's 
guidance  system  to  bring  it  back 
on  course.  All  test  objectives  were 
fulfilled,  Army  officials  said. 

•  A  Minuteman  ICBM  carrying 
an  improved  Avco  Mark  11  re-entry 
body  was  successfully  fired  from  a 
Cape  Canaveral  silo  Dec.  7.  The 
3500-mile  test  flight  achieved  all  its 
objectives,  AF  officials  said. 

•  An  attempt  to  fire  a  Martin 
Titan  II  ICBM  on  the  longest  flight 
of  the  year  for  a  U.S.  missile  failed 
Dec.  6  when  the  missile  exploded 
two  minutes  after  launch  from  Cape 
Canaveral.  The  flight  had  been  pro- 

gramed for  8000  miles  down  the 
Atlantic  Missile  Range.  It  marked 
the  first  time  in  eight  flight  tests 
that  the  Titan  II  had  blown  up  after 
launch. 

•  The  Navy's  Lockheed  Polaris 
A-3  missile  encountered  its  sixth 
straight  failure  Dec.  6  when  its 
troublesome  second  stage  exploded 
shortly  after  ignition.  Five  of  the 
six  A-3  failures  have  been  malfunc- 

tions of  the  second  stage.  Debris 
from  the  destroyed  missile  fell  into 
the  Atlantic  Ocean  off  the  Georgia 
coast. 

•  An  Aerojet-General  Aerobee 
150 A  sounding  rocket  carrying  a 
186-lb.  scientific  payload  for  the 
Australian  government  "malfunc- 

tioned and  the  payload  did  not 
reach  the  intended  altitude"  in  a 

Dec.  11  firing  from  Wallops  Island, 
Va.  The  experiments  were  to  have 
measured  VLF  radio  waves  in  the 
ionosphere. 

•  A  Martin  Mace  was  success- 
fully fired  from  Cape  Canaveral  Dec. 

11  in  a  test  of  system  performance 
and  crew  reliability. 

Rover  Insulation  Failed 

Disassembly  of  the  Kiwi  B-4A 
reactor  has  shown  failure  of  thermal 
insulation  surrounding  the  core,  ap- 

parently resulting  from  mechanical 
stress  early  in  the  test.  Harold  B. 
Finger,  manager  of  the  Space  Nu- 

clear Propulsion  Office,  said  there 
were  cracks  appearing  in  the  ther- 

mal structure  remaining  in  the  re- 
actor, but  effects  on  the  rest  of  the 

unit  were  still  undetermined. 
Next  test,  now  slated  for  early 

next  year,  will  probably  feature  a 
modified  thermal  insulation  design. 

The  flashes  of  light  seen  in  the 
Kiwi  B-4A  exhaust  stream  are  be- 

lieved to  have  been  particles  of  ther- 
mal insulation  stripped  from  the 

core.  Neither  planned  temperature 
nor  planned  power  were  achieved 
during  the  260-second  run,  but  the 
causes  of  the  premature  shutdown 
indicate  that  basic  design  of  the 
reactor  may  still  serve  as  a  proto- 

type for  the  NERVA  program. 

AEC  Wants  Georgia  Lab 
The  Atomic  Energy  Commission 

has  requested  that  the  Georgia  Nu- 
clear Laboratory  at  Dawsonville  be 

transferred  to  the  AEC  as  a  support 
facility  for  NASA's  RIFT  nuclear rocket  stage. 

The  laboratory,  a  large  radiation 
test  facility,  is  located  about  45 
miles  northeast  of  Atlanta.  The 
AEC  made  the  request  of  the  Gen- 

eral Services  Administration  Nov. 
23  to  insure  continuing  availability 
of  a  facility  suitable  for  the  irradia- 

tion testing  of  large  space-vehicle 
components. 

NAA  Sets  Sales/Profit  Marks 

North  American  Aviation,  Inc. 
last  week  reported  it  ran  up  record 
sales  and  net  profits  in  Fiscal  1962. 

Sales  and  other  income  totalled 
$1,633,675,000  and  net  earnings 
added  up  to  $34,557,000,  or  $4.15 
per  share.  It  was  the  fourth  time 
in  the  last  six  years  that  company 
sales  have  topped  $1  billion. 
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In  Malmstrom  silos 

Minuteman  Goes  Operational 

/CBM  activation  slated  to  take  place  at  four 

other  SAC  bases;  security  measures  are  elaborate 
by  Richard  van  Osten 

AN  AVERAGE  of  about  one  Boe- 
ing Minuteman  ICBM  per  day  will  be 

turned  over  to  Strategic  Air  Command 
launch  crews  during  1963 — if  the  pres- 

ent rate  of  effort  continues. 

The  first  two  10-missile  flights  of 
the  10th  Strategic  Missile  Squadron, 
341st  Strategic  Missile  Wing  (SAC), 
at  Malmstrom  AFB,  Great  Falls,  Mont., 
were  officially  declared  operational  in 
formal  ceremonies  last  week.  Balance 
of  the  15-flight,  three-squadron  wing  is 
expected  to  go  operational  in  similar 
increments,  with  full-scale,  150-missile 
capability  to  be  completed  by  late 
spring  or  early  summer.  Tapering  off  of 
work  at  Malmstrom  will  mesh  closely 
with  activation  of  initial  Wing-II  units 
at  Ellsworth  AFB,  Rapid  City,  S.D. 

Next  in  line  are  Wing  III,  Minot 
AFB,  N.D.;  Wing  IV,  Whiteman  AFB, 
Mo.;  and  Wing  V,  Warren  AFB, 
Wyoming.  The  Air  Force  has  high 
hopes  for  more  than  the  800  Minute- 
man  installations  presently  planned,  but 
it  has  no  firm  commitments.  Much  de- 

pends upon  what  the  Fiscal  1964 
budget  provides. 

Air  Force  is  studying  two  paths. 
One  is  replacement  of  early  missiles 
with  advanced  versions — updating  and 
improving  capabilities.  The  second  plan 
— indicated  several  months  ago  and 
still  active — involves  construction  of 
new  sites.  Depending  upon  future  fund- 

ing, the  final  decision  could  take  either 
route  or  a  combination  of  both.  Pri- 

mary consideration  is  the  financial 
and  operational  trade-off  between  mis- 

sile retrofit  and  construction  of  addi- 
tional sites. 

•  Spartan  setup  —  Simplicity  and 
compactness  of  the  Minuteman  system 
contrast  sharply  with  the  relatively 
complex,  large-scale  Atlas  and  Titan 
systems.  The  hardened  launch  control 
center  (LCC)  provides  little  more  than 
move-around  space  for  the  missile  com- 

bat crew  commander  and  his  deputy. 
At  Malmstrom,  one  LCC  (there  is 

one  per  10-missile  flight)  is  serving 
temporarily  as  a  squadron  command 
post.  This  throws  a  higher-than-normal 
load  on  the  two-man  crew.  A  tour  of 
duty  is  12  hours,  but  as  more  LCC's 
14 
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erectorat  Malmstrom 
AFB  in  position  to 
lower  Minuteman 
into  its  silo. 

become  operational,  a  48-hour  tour  is likely. 

The  crew  commander's  position  has basic  intersite  communications  and 
launch  controls.  To  avoid  inadvertent 
launch,  the  system  includes — in  addi- 

tion to  normal  security  measures,  com- 
mand coding  and  command  verification 

— a  firing  arrangement  under  which 
both  the  commander  and  his  deputy 
must  turn  two  keys  within  about  two 
and  one-half  seconds  of  each  other. 
The  keys  are  situated  so  that  no  one 
crew  member  can  turn  both  within  the 
required  time  period.  In  addition, 
launch  requires  verification  and  certain 
other  cooperative  procedures  by  at  least 
one  other  LCC. 

Primary  launch  panel  for  the  com- 
mander has  ten  rows  of  ten  lights  each 

— one  vertical  row  for  each  missile. 
From  top  to  bottom,  the  lights  indicate 
"strategic  alert  (green)- — an  all-systems 
go  condition."  Next  is  a  red  "fault" 
light,  indicating  a  malfunction  and  a 
no-launch  status  for  the  particular  mis- 

sile. Next  is  a  self-explaining  "standby" 
light,  followed  by  a  "warhead  alarm" light  for  a  fault  in  that  area.  On  down 

the  panel  are  "armed,"  "launch  com- 
manded," "launch  in  process,"  "missile 

away,"  "outer  security  violated"  and 
"inner  security  violated." 

The  last  two  lights  are  coupled  to 
an  audio  signal.  Outer  security  viola- 

tion signals  are  sourced  from  four  radar 
antennae  at  each  launch  facility  (LF) 
— the  missile  silo  and  support  building 
area.  The  radar  is  focused  on  the  silo 

lid  and  access  door.  Any  "object"  in this  area  is  immediately  detected  and 
the  LCC  alerted.  The  system  is  also 
equipped  with  a  signal-generating  sys- 

tem for  self-check.  Sensitivity  is  such 
that  even  a  person  approaching  the  silo 
by  crawling  under  the  surface  of  a 
heavy  snow  can  be  detected. 

Inner  security  alarm  is  controlled 
by  signal  devices  on  the  silo  lid,  the 
access  door  and  the  safe-type,  below- 
grade  access  door  to  the  LCC. 

The  deputy's  position  has  duplicate 
communications  gear,  switches  for  se- 

lection of  individual  missiles  to  be 
launched,  and  a  VRSA  (voice  reporting 
signal  assembly)  system,  by  which  he 
may  query  any  of  the  10  silo  positions 
for  missile  status.  8 
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Boon  for  AEC  program  . .  . 

NASA  Foresees  Growing  SNAP  Needs 

7500%  increase  in  radioisotopic  units 

forecast  by  1972;  initial  use  seen  in  1964      ̂ y  H°'  Tay'or 

NASA  HAS  GIVEN  the  Atomic 

Energy  Commission's  SNAP  program 
a  shot  in  the  arm  by  forecasting  a 
1500%  increase  in  its  needs  for  the 
nuclear  power  units  by  1972. 

Use  of  the  radioisotopic  units  would 
not  begin  until  1964,  when  200  watts 
would  be  required.  The  space  agency 
tentatively  expects  that  requirements 
then  will  jump  to  1500  watts  in  1968 
and  3000  watts  in  1972. 

The  official  estimate  was  forwarded 
in  a  letter  from  NASA  to  the  AEC 
early  in  November.  The  letter  empha- 

sized that  the  estimate  was  not  a  firm 
commitment,  but  the  most  educated 
forecast  which  could  be  made  at  this 
time. 

It  is  almost  certain,  however,  to 
serve  as  a  basis  for  AEC  program  plan- 

ning. The  commission  has  little  else 
to  go  on. 

Capt.  Robert  Carpenter,  of  the 
AEC  Division  of  Reactor  Develop- 

ment, told  Missiles  and  Rockets,  "The 
letter  was  a  kind  of  breakthrough." 

"It  is  the  first  time,"  he  said,  "that 
any  user  agency  has  expressed  an  in- 

terest in  using  large  quantities  of  iso- 
topic  units." 

•  Unanswered  questions — The 
NASA  estimate  was  prepared  by  Dr. 
Fred  Shulman,  chief  of  the  agency's 
Nuclear  Electrical  Power  Systems  Office. 

It  is  based  on  a  long  series  of  dis- 
cussions and  presentations  to  satellite 

and  spacecraft  program  directors  in 
the  Office  of  Manned  Space  Flight, 
Space  Sciences  and  Applications. 

Shulman  said  that  the  degree  to 
which  the  estimates  eventually  become 
firm  requirements  will  depend  upon 
many  unanswered  questions  in  both 
NASA  spaceflight  and  AEC  SNAP 
programs. 

For  example,  Plutonium  238  fuel 
for  a  SNAP  unit  costs  $44,000  a  watt, 
about  22  times  the  cost  of  a  compar- 

able solar  cell  fuel  system,  which  is 
now  used  in  most  NASA  projects. 
Space  agency  officials  also  want  more 
information  on  the  "safety  problems" involved  in  the  use  of  SNAP  units. 

Another  difficulty  is  the  fact  that 
most  projects  which  could  use  nuclear 
power  are  just  reaching  the  preliminary 

study  and  design  stage.  There  is  also 
a  large  segment  of  NASA  scientists  who 
feel  that  solar  cells  have  proved  their 
feasibility  and  should  continue  to  be 
used. 

Despite  these  problems,  Shulman 
said,  the  letter  was  intended  to  serve 
as  a  guide  for  AEC  officials  in  pro- 

gram planning.  He  added  that  NASA 
will  update  the  estimate  annually. 

•  Advances — Despite  the  lack  of 
firm  commitments,  the  letter  has  al- 

ready resulted  in  new  SNAP  develop- 
ment steps.  These  include: 

—NASA  has  asked  AEC  to  study 
the  feasibility  of  a  SNAP  unit  to  power 
Interplanetary  Monitoring  Probes  (IMP). 
Space  agency  officials  have  asked  the 
commission  to  report  its  findings  by 
mid-1963,  when  it  is  hoped  a  contractor 
can  be  selected.  IMP  will  require  a 
40-to-50-watt  power  capacity,  but  the 
space  agency  is  leaving  to  AEC  the 
decision  as  to  whether  one  or  two 
units  will  be  used.  NASA  expects 
to  fly  two  or  three  of  the  probes  per 
year  in  1964-65. 

—It  is  expected  that  AEC  will  estab- 

lish a  separate  research  and  development 
project  to  study  possible  requirements 
for  SNAP  units  in  communication  sat- 

ellites. The  power  range  mentioned  by 
NASA  officials  is  165  to  250  watts.  The 
unit  could  be  used  in  either  advanced 
low-altitude  or  high-altitude  satellites. 
Officials  of  NASA's  ComSat  office  have 
already  been  shown  a  tentative  design. 

—NASA  has  asked  AEC  to  con- 
tinue its  work  on  a  small  unit  for  use 

in  its  Surveyor  program.  While  the  unit 
will  definitely  not  be  used  for  the  first 
seven  lunar  soft-landing  spacecraft,  it 
may  still  play  a  role  in  the  lunar 
orbiters  planned  for  the  program.  Offi- 

cials also  feel  that  conditions  on  the 
lunar  surface  could  rule  out  the  use 
of  solar  cell  power,  making  the  use  of 
nuclear  units  necessary. 

In  preparing  its  estimate  of  future 
needs,  NASA  did  not  attempt  to  break 
it  down  into  number  of  units  because 
of  the  many  variables  involved.  Instead, 
the  estimate  was  based  on  the  best 
guess  the  agency  can  make  now  as  to 
how  many  watts  of  power  it  will  re- 

quire from  year  to  year.  tt 

NASA  To  Keep 

TOP  SPACE  AGENCY  officials 
have  rejected  a  proposal  that  the 
Agena  target  vehicle  be  dropped  from 
the  Gemini  two-man  spaceflight  por- 

gram. The  decision  not  to  change  the 
program's  orbital  rendezvous  flights 
was  made  following  meetings  be- 

tween officials  of  NASA  headquar- 
ters and  the  Manned  Spacecraft 

Center  in  Houston. 

Reliable  sources  reported  that 
only  a  final  review  by  Associate  Ad- 

ministrator Robert  C.  Seamans,  Jr., 
is  needed  before  the  decision  be- 

comes final. 
In  another  development  affecting 

the  Agena  upper-stage  program, 
NASA  announced  that  it  was  trans- 

ferring management  responsibility  of 
its  Atlas-Agena  and  Thor-Agena 
launch  vehicles  from  the  Marshall 

Agena  in  Gemini 

Space  Flight  Center  to  the  Lewis 
Research  Center. 

The  announcement  said  the  move 
will  enable  Marshall  to  concentrate 
on  the  Saturn  and  Advanced  Saturn 
launch  vehicles  needed  for  the 
manned  spaceflight  program. 

The  suggestion  to  drop  Agena 
from  the  Gemini  program  was  made 
by  the  Systems  Engineering  group  in 
the  Office  of  Manned  Space  Flight. 
The  group,  under  director  Dr.  Joseph 
Shea,  called  instead  for  the  rendez- 

vous docking  experiment  to  be  con- 
ducted with  a  small  satellite  to  be 

launched  piggyback  on  the  Gemini 
spacecraft. 

In  disclosing  rejection  of  the 
plan,  a  NASA  official  said  that  the 
switch  would  have  created  new  tech- 

nological problems  for  which  the 
small  amount  of  money  saved  would 
not  have  compensated. 

missiles  and  rockets,  December  17,  1962 15 



Cheaper  than  ANNA  . 

Army  Satellites  To  Enhance  Mapping 

Engineers  at  work  on  two  types  of  piggyback  units 

which  would  carry  SECOR;  details  of  SECOR  system 

by  James  Trainor 

TYPE  I  SECOR  geodetic  satellite  utilizes  2U-w.  Vanguard  shell  shown  here. 

THE  ARMY  CORPS  of  Engineers 
is  developing  two  inexpensive  piggy- 

back satellites  as  part  of  a  three-to-five- 
year  program  to  tie  existing  geodetic 
datum  planes  into  a  single  world-wide 
network. 

The  program  is  expected  to  reach 
its  peak  in  about  two  and  a  half  years 
and  be  completely  phased  out  by  the 
end  of  six  years. 

During  that  time,  however,  the 
Army  expects  to  reduce  the  error  in 
location  of  the  world  land  masses  from 
one  mile  for  continental  masses  and 
5-10  miles  for  smaller  land  masses,  such 
as  islands,  to  plus  or  minus  30  meters 
over  a  1000-mile  distance. 

Using  the  20-in.-dia.  Vanguard  shell 
and  the  SECOR  radio-ranging  unit,  the 
Engineer  Research  and  Development 
Laboratories  at  Fort  Belvior,  Va.,  have 

evolved  what  they  call  the  "Type  I" 
geodetic  satellite  (M/R,  Feb.  6,  1961, 
p.  22) .  With  the  Type  I  vehicle,  the  geo- 

detic satellite  could  be  launched  as  part 
of  a  composite  payload. 

Cubic  Corp.  has  already  built  and 
delivered  four  Type  I  satellites  to  the 
Army;  a  fifth  was  built  by  ITT  with 
government-furnished  equipment.  One 
Type  I  satellite  was  carried  as  part  of 
the  Composite  I  payload — the  abortive 
Navy  attempt  to  launch  five  satellites 
with  one  booster  on  Jan.  24,  1962. 
Since  the  Army  has  one  Type  I  proto- 

type which  is  solely  for  test  purposes, 
there  are  still  three  Type  I  vehicles  on 
the  shelf  available  for  launch. 

•  Next  step — The  second  satellite 
version — "Type  II" — is  based  on  the 
premise  that  "nose  cone"  space  is  at  a 
premium,  whereas  space  in  other  areas 
of  a  spacecraft  is  wasted  and  is  usually 
taken  up  with  ballast.  Therefore,  the 
Type  II  satellite  will  be  rectangular  in 
shape  and  have  only  a  9-in.  depth, 
allowing  it  to  be  placed  between  the 
structural  members  and  the  skin  of  a 
spacecraft. 

It  would  be  particularly  suitable, 
Army  officials  say,  for  the  aft  instru- 

mentation rack  of  the  Agena  D  space- 
craft which,  because  of  its  presently 

little-known  capacity,  is  being  launched 

with  much  of  its  aft  payload  area 
vacant. 

Once  in  orbit,  the  Type  II  satellite 
is  separated  from  the  primary  spacecraft 
by  means  of  a  spring. 

The  Type  II  vehicle  is  now  in  the 
preliminary  design  stage.  Originally, 
the  Army  had  planned  to  go  out  to 
industry  for  the  Type  II  vehicle  this 
year,  but  slippage  of  some  18  months 
in  an  Air  Force  program  that  would 
have  carried  the  Type  II  has  postponed 
RFP's  until  the  beginning  of  FY  '64. 

Once  the  proposals  are  issued,  how- 
ever, the  Army  expects  to  have  a  proto- 
type within  90  days  of  the  contract 

award.  The  reason  for  the  early  de- 
livery date,  Army  officials  say,  is  that 

building  the  satellite  is  essentially  only 
a  packaging  job — changing  the  mount- 

ing of  the  SECOR  transponder  from 
a  center  post  in  the  Type  I  to  edge- 
mounting  in  the  rectangular  Type  II. 

Depending  on  results  of  the  Type 
I  program  and  the  ANNA  follow-on 
program,  the  Army  plans  to  procure  a 
non-flying  prototype  and  two  flight  ver- 

sions of  the  Type  II.  Total  cost  of  the 
Army  program  including  ground  sta- 

tions and  the  two  types  of  satellites  is 
estimated  at  $6.5  million,  with  each  sat- 

ellite priced  at  approximately  $150,000. 

Although  SECOR  is  one  of  the  three 
major  experiments  aboard  the  ANNA 
satellite,  the  Army's  limited  funding, 
together  with  the  uncertain  nature  of 
the  follow-on  ANNA  program,  has 
caused  ERDL  engineers  to  evolve  the 
piggy-back  satellite  concept.  At  present, 
the  Army  pays  about  one-third  of  the launch  vehicle  and  launch  costs  for  the 
Navy-managed  geodetic  satellite  pro- 

gram; the  piggy-back  approach  would 
cut  costs  to  those  required  for  fabrica- tion of  the  payload. 

Army  continuation  in  the  ANNA 
program  appears  virtually  certain,  how- 

ever, particularly  if  NASA  funds  the 
launch  costs — a  possibility  now  under 
discussion.  Although  not  completely 
firmed  up,  the  four-to-six-shot  ANNA 
follow-on  program  would  be  under 
NASA's  direction,  with  the  Navy's  Bu- reau of  Weapons  acting  as  the  space 
agency's  executive  agent.  The  program 
would  be  designed  to  give  a  continuous 
flow  of  geodetic  information  starting 
with  the  first  launch  in  December,  1963. 

•  What  is  SECOR?  —  Essentially 
nothing  more  than  a  satellite-borne 
transponder,  SECOR  (SEquential  COl- 
lation  of  Range)  comprises  an  electronic 
distance-measuring  system. 

By    means    of  multiple-frequency 
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Three-Stage  Booster  Favored  for  Voyager 
A  SATURN  C-1B  CENTAUR 

launch  vehicle  is  expected  to  serve 
as  the  booster  for  NASA's  advanced 
interplanetary  spacecraft. 

A  top  official  of  the  agency's Office  of  Space  Sciences  disclosed 
that  the  three-stage  vehicle  is  "strong- 

ly favored"  as  the  booster  for  Voy- 
ager missions  in  1966-67. 

Continuing  studies  of  the  vehicle 
will  be  conducted,  he  said,  and  a  rec- 

ommendation for  program  approval 
is  expected  in  the  second  half  of  1963. 

The  booster  would  have  an  eight-H- 
1 -engine  first  stage,  a  one-J-2-engine 
second  stage,  and  the  Centaur  third 
stage  composed  of  two  RL-10  liquid 
hydrogen  engines.  Its  payload  capa- 

bility for  interplanetary  missions 
would  be  4000-5000  lbs.  This  is  the 
minimum  weight  for  Voyager,  which 
is  designed  for  advanced  unmanned 
exploration  of  Mars  and  Venus. 
Other  advanced  projects  are  also 
likely  to  use  the  booster. 

phase  comparison  techniques,  range 
measurements  are  made  in  rapid  se- 

quence— independent  readings  can  be 
made  every  20  milliseconds — from  three 
known  ground  stations  and  one  or  two 
unknown  stations.  These  simultaneous 
range  measurements  then  can  be  used 
to  determine  the  geodetic  coordinates  of 
the  unknown  stations  independent  of 
the  orbital  parameters.  This,  according 
to  engineer  officers,  is  nothing  more 
than  a  classical  trilateration  problem. 

In  the  event  one  of  the  unknown 
stations  is  below  the  radio  horizon  of 
the  SECOR  satellite,  the  measurements 
of  the  known  stations  can  be  recorded, 
and  measurements  subsequently  taken 
from  the  unknown  stations.  By  apply- 

ing the  technique  of  a  small  segment  of 
a  short  arc  in  the  satellite  orbit,  the 
coordinates  of  the  unknown  station  can 
be  determined.  Although  there  is  some 
degradation  in  accuracy  with  this 
method,  Army  officials  point  out  that 
the  30-meter  accuracy  over  1000  miles 
still  far  exceeds  first-order  survey  re- 
quirements. 

For  optimum  performance,  the 
SECOR  satellite  should  be  placed  in  a 
minimum  600-n.-mi.  circular  orbit  near 
the  equator.  However,  Army  officials 
say,  if  there  is  no  choice  of  inclination, 
a  polar  orbit  can  be  used.  For  triangu- 
lation  across  the  Pacific,  inclination  of 
50-60°  is  optimum  and,  since  a  rough 
rule  of  thumb  is  that  the  ground  sta- 

tions can  be  spread  twice  the  orbital 
altitude,  the  higher  the  satellite,  the 
better. 

Under  the  Army's  three-to-five-year 
geodetic  program,  there  would  be  two 
SECOR  launches  a  year,  with  the  ex- 

pectation that  the  satellites,  designed 
for  a  lifetime  of  one  year,  would  func- 

tion for  at  least  six  months.  Launch 
requirements  could  be  varied  as  the 
program  progressed.  The  main  prob- 

lem in  the  SECOR  satellite  is  com- 
ponent reliability. 

For  example,  the  SECOR  package 
on  the  ANNA  satellite  launched  Oct.  3 1 
failed  approximately  three  weeks  after 
launch  due  to  a  transistor  failure.  On 
this  particular  satellite,  the  failure  was 

not  as  serious  as  it  might  have  been: 
a  back-up  SECOR  transponder  was 
aboard.  This  second  transponder  will 
be  turned  on  Dec.  19. 

Currently,  the  engineers  are  rede- 
signing the  SECOR  package  so  that 

transistor  reliability  will  be  less  critical. 
Since  the  SECOR  requires  a  transistor 
reliability  of  at  least  2000  hours,  this 
still  is  expected  to  be  the  determining 
factor  in  the  number  of  satellites  re- 

quired for  the  geodetic  program. 
•  Ground  equipment — Expected  to 

enter  acceptance  tests  at  the  Cubic 
Corp.'s  San  Diego,  Calif.,  plant  soon, 
the  ground  equipment  consists  of  three 
major  units — an  RF  shelter,  data  shelter 
and  storage  shelter — plus  various  ac- 

cessory units.  The  total  station  weight  is 
about  28,000  lbs.,  and  all  units  are  de- 

signed to  be  air-transportable  by  both 
C-130  type  aircraft  and  cargo  heli- 

copter. Six  stations — four  for  opera- 
tional use  and  two  spares — are  being 

procured  by  the  Army;  a  second  six 
are  expected  to  be  bought  next  year. 

The  RF  shelter  houses  the  SECOR 
transmitter  and  receiver  and  the  an- 

tenna control  console.  The  data  shelter 
contains  the  frequency  synthesizer, 
servos,  data  processors,  tuning  and  se- 

quencing control  and  recorder.  Two  10- 
ft.-dia.  parabolic  antennas  are  used  to 
transmit  and  receive  signals  from  the 
satellite.  In  the  storage  shelter  is  housed 
the  communications  test  equipment. 

Two  data  processors — a  Honeywell 
300  and  a  Bendix  G-150 — are  used 
to  record  the  measurements  from  the 
satellite,  with  the  latter  checking  the 
Honeywell  for  complete  data  reduction. 
Information  and  measurements  are 
punched  on  paper  tape  in  the  field,  but 
actual  data  reduction  is  to  be  done  by 
the  Army  Map  Service  in  Washington, D.C. 

After  initial  data  reduction,  tapes 
will  be  stored.  As  further  refinements 
of  such  error-introducing  factors  as  ion- 

ospheric diffraction  and  orbital  altitude 
variations  are  introduced,  the  tapes  can 
be  re-run  and  the  order  of  geodetic 
accuracy  increased. 

Since  a  reading  can  be  made  in  20 
milliseconds,  the  Army  feels  that  the 
maximum  time  that  will  have  to  be  spent 
in  any  one  place  will  be  about  two 
weeks.  In  that  time,  approximately  8000 
readings  can  be  taken.  Three  frequen- 

cies are  employed  to  gather  data— 421 
mc  as  the  transmitting  frequency,  449 
mc  as  the  return  and  224.5  mc  as  the 
ionospheric  diffraction  frequency. 

Once  the  program  gets  under  way 
next  September,  the  Army  expects  to 
have  a  thoroughly  tested  system.  Ac- 

ceptance tests  at  the  ground  stations 
will  have  been  completed  and  tests  of 
the  satellite/ground  functioning  will 
have  been  conducted  as  part  of  the 
ANNA  feasibility  program.  t* 
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Decision-Making:  Hostile  or  not  Hostile? 

A  few  years  ago  this  decision  was  relatively 

simple.  The  action  that  followed  was  rela- 
tively simple.  Today  the  consequences  of 

this  type  of  decision-making  can  be  enor- 
mous, affecting  world-wide  forces  and 

events.  The  decision  itself  may  trigger  an 
incredibly  complex  series  of  interacting 
decisions  and  controls.  In  making  these 

compressed-time  decisions,  commanders 
use  man-machine  systems  which  provide 
information  processing  assistance.  The  de- 

velopment of  these  large  systems  is  the 
work  of  scientists,  engineers  and  computer 

programmers  at  System  Development  Cor- 

poration. The  system  is  their  concern,  not 
the  actual  design  of  hardware.  Specifi- 

cally, they  contribute  in  these  key  areas: 
defining  the  requirements  of  the  system, 
synthesizing  the  system,  instructing  the 
computers  within  the  system,  training  the 
system,  evaluating  the  system.  Throughout 

they  seek  to  optimize  man-computer  rela- 
tionships and  to  develop  a  system  which 

grows  and  changes  with  the  needs  of  the 
decision-makers  who  use  it.  Human  factors 
scientists,  operations  research  scientists, 

systems-oriented  engineers  and  com- 
puter programmers  interested  in  joining  a 

close  interdisciplinary  effort  are  invited  to 

write  concerning  new  positions  in  this  ex- 
panding field.  Address  Dr.  H.  C.  Best,  SDC, 

2433  Colorado  Ave.,  Santa  Monica,  Cali- 
fornia. Positions  are  open  at  SDC  facilities 

in  Santa  Monica;  Washington,  D.C.,  Lex- 
ington, Massachusetts;  Paramus,  New 

Jersey;  and  Dayton,  Ohio.  "An  equal  op- 

portunity employer." 

System  Development  Corporation 
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Technical  Countdown 

ELECTRONICS 

Laser  Range  Finder  Highly  Accurate 

Raytheon  reports  development  of  a  highly  accurate 
range  finder  that  employs  a  laser  as  the  principal  measure- 

ment mechanism.  The  30-lb.  twin-barreled  device  "fires" 
a  20-ft.  length  of  light  at  a  target  from  one  tube  and  picks 
up  the  reflection  with  a  photomultiplier  tube  in  the  other. 
A  tiny  computer  measures  the  time  difference  and  com- 

putes distance.  Tests  so  far  have  shown  an  accuracy  capa- 
bility within  5  ft.  The  chopper  used  to  control  beam 

length  reacts  in  20  billionths  of  a  second,  say  Raytheon 
developers. 

From  Advent  to  Syncom  to  Satcom 

The  first  satellite  communications  support  vessel,  the 
USNS  Kingsport,  officially  was  accepted  by  the  U.S.  Fleet 
Dec.  8.  The  ship,  outfitted  by  Bendix  Systems  Division 
first  for  Advent  and  then  for  SynCom — the  NASA  synchro- 

nous orbit  communications  satellite — ultimately  will  as- 
sist in  development  of  the  newly  organized  high  and  low 

orbit  military  communications  satellite  programs.  The  mo- 
bile station  will  assist  in  checking  the  surface-coverage  limits 

of  these  several  future  communications  satellites. 

Kingsport  Has  Atlas  3-Axis  Tracker 
Among  the  many  new  systems  installed  aboard  the  new 

communications  terminal  USNS  Kingsport  (see  above)  is 
the  TRIAX  antenna  developed  by  General  Electric.  Capable 
of  operating  in  three  axes,  the  30-ft.  dia.  tracking  dish  weighs 
58,000  lbs.  It  is  reportedly  capable  of  an  accuracy  of  ±0.5 
milliradian  up  to  a  ship's  roll  of  ±15°,  a  pitch  of  ±5°,  and 
vertical  heave  of  up  to  0.15  g.  The  antenna  will  employ  the 
same  gearless  drive  developed  by  G.E.  for  the  Atlas  ICBM 
guidance  ground  control  system. 

MM  to  Use  Functional  Circuits 

The  advanced  guidance  system  for  the  Air  Force's  Im- 
proved Minuteman  (WS-133B)  will  make  extensive  use  of 

microminiaturized  integrated  electronic  circuits.  Award  of 
a  "substantial"  contract  to  Westinghouse  to  supply  such  cir- 

cuitry was  announced  last  week  by  North  American 
Aviation.  Autonetics  Division  of  NAA,  MM  guidance  as- 

sociate prime,  will  receive  a  first  delivery  late  this  month 
for  test  evaluation.  The  functionally  complex  molecular 
electronic  components  are  expected  to  contribute  consider- 

ably to  reducing  guidance  system  size  and  cost  and  further 
improve  system  reliability,  the  company  claims. 

More  Microcircuit  Advances  Predicted 

Two  Sperry-Rand  scientists  at  the  recent  Fall  Joint 
Computer  Conference  in  Philadelphia  predicted  early  im- 

provements for  thin-film  interconnection  techniques  which 
will  make  practical  submicrosecond,  million-bit  memories. 
Advance  work,  they  report,  should  yield  high  packing  den- 

sities of  5000-10,000  bits/sq.  in.  and  low  drive  currents  of 
50  ma.  Improved  material  properties  should  make  coincident 
current  selection  with  coherent  rotational  switching  possible. 
With  better  techniques,  high-density  integrated  memory 
stacks  with  access  lines  made  on  the  same  substrate  with 
the  film  seems  likely,  they  asserted. 

Crystal  Filter  Developer  for  SS-FM 
Qualification  tests  of  a  new  crystal  filter  developed  by 

Collins  Radio  Co.  as  a  potential  replacement  for  mechanical 
subcarrier  separation  comb  filters  are  scheduled  for  com- 

pletion this  month.  The  new  units,  developed  for  Saturn's 
single  sideband-FM  telemetry  system,  reportedly  cost  80% 
less,  give  equal  performance,  are  less  sensitive  to  vibration 
and  circuit  loading,  and  are  reported  to  be  more  stable 
under  temperature  changes  than  a  new  ceramic  unit  also 
developed  for  this  application.  Present  mechanical  filters 
are  small  and  efficient  but  expensive,  fragile,  and  difficult 
to  produce.  The  crystal  filters  will  replace  the  mechanical 
units,  with  no  redesign  of  already-qualified  circuits  and 
mounting  hardware. 

PROPULSION 

Missile  Models  Travel  at  Mach  16 

Fragile  missile  models  are  being  shot  down  a  1000-ft. 
hyperballistics  range  at  18,000  fps  without  damage.  Equiva- 

lent to  Mach  16,  this  speed  is  said  to  be  the  highest  known 
velocity  achieved  by  scaled  models  of  aerodynamics  con- 

figurations without  destroying  them.  Propelled  by  a  two- 
stage  launcher  installed  at  the  U.S.  Naval  Ordnance  Labor- 

atory, White  Oak,  Md.,  the  models  are  photographed  during 
their  split-second  flight  at  a  series  of  special  recording 
stations.  Analysis  of  the  processed  negatives  yield  required 
aerodynamic  data. 

ADVANCED  MATERIALS 

Higher  Hi-Temp  Standard  Available 

A  new  pyrometric  lamp,  developed  by  Mole-Richardson, 
permits  accurate  calibration  of  pyrometers  at  3803  °K.  The 
instrument  is  also  expected  to  find  use  as  a  standard  radiation 
source  for  spectro-radiometery.  Operation  involves  con- 

trolled generation  of  an  arc  between  two  high-purity  graphite 
electrodes.  The  heated  graphite  reaches  sublimation  tem- 

perature, providing  a  reproducible  radiation  source  with 
a  brightness-temperature  variation  of  ±20°.  (The  highest 
calibration  source  commercially  available  previously  was  a 
tungsten-strip  lamp  capable  of  about  2573 °K.) 

Temperature  Effects  on  Materials  Viewed 

The  grain  structure  of  a  material  as  it  changes  under 
the  stress  of  temperature  variations  will  soon  be  seen  by 
Rocketdyne  scientists.  They  soon  will  have  operational  a 
unique  vacuum  furnace  that  will  provide  microscopic  ob- 

servation of  thermal  transition  phenomena  in  metals  and 
their  alloys  at  temperatures  up  to  3270°F. 

Ames  to  Get  Two  New  Shock  Tunnels 

Under  a  $  1 .5-million  Ames  Research  Center  contract, 
announced  by  NASA  last  week,  Thiokol  Chemical  Corp. 
will  build  two  hypervelocity  test  units  for  re-entry  studies. 
The  units  will  combine  light-gas-gun  and  shock-tube  tech- 

niques to  attain  velocities  to  50,000  fps.  Shock  tubes  will  be 
fabricated  from  surplus  8-in.  and  16-in.  naval  guns.  A  major 
design  problem  includes  development  of  quick-opening 
valves  that  must  close  within  100  msec,  after  actuation  and 
must  operate  under  30,000  psi  pressure. 
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space  electronics 

Footprints'  May  Guide  X-20  Vehicle 

Equations  of  motion  continuously  plotted,  displayed 

X-20  PILOTS  may  be  guided  to  a 
landing  site  by  displays  that  continu- 

ously and  accurately  show  the  changing 
"footprint"  of  the  ground  area  within 
the  Dyna-Sdar  vehicle's  range. 

For  early  flights,  the  displays  may 
be  incorporated  in  a  ground-based  back- 

up system;  later  flights  may  see  the 
system  airborne,  as  its  estimated  weight 
is  only  40  lbs. 

The  concept  of  the  display  is  a  gen- 
eral one  that  is  also  proposed  as  a  way 

to  ease  the  guidance  and  control  prob- 
lem for  spacecraft  missions  such  as  sat- 

ellite intercept  and  lunar  landing. 
•  Controlling  hypersonic  craft  — 

Most  major  missile/space  manufac- 
turers are  at  work  on  some  form  of 

energy-management  system  for  moni- 
toring the  trajectory  patterns  of  lifting 

spacecraft.  The  problem  is  to  make  the 
predictions  fast  enough  and  accurate 
enough  for  the  pilot  or  astronaut  to  be 
able  to  act  on  them. 

An  Air  Force  engineer  has  suggested 
the  use  of  rapidly  generated,  accurate 
performance  footprints  for  spacecraft; 
he  has  also  proposed  that  the  concept 
be  given  a  practical  test  as  a  back-up 
guidance  system  for  the  X-20. 

Capt.  Frank  R.  Anderton,  Jr., 
USAF — attached  to  the  manned  space- 

craft engineering  office,  Air  Force 
Flight  Test  Center,  Edwards  AFB — 
said  at  a  recent  AF  briefing  that  if  the 
onboard  guidance  of  the  X-20  failed, 
the  proposed  ground-based  backup 
would  be  able  to  give  a  pilot  the  infor- 

mation needed  to  navigate  to  destina- 
tion or  an  emergency  site. 

Capt.  Anderton  told  Missiles  and 
Rockets  that  unlike  the  onboard  X-20 
system,  the  backup  is  based  on  a  contin- 

uous evaluation  of  the  vehicle's  equa- tions of  motion;  it  does  not  rely  on  a 
set  of  pre-computed  trajectories.  For 
this  reason,  the  backup  system  would 
have  relatively  better  accuracy  and  also 
could  be  used  as  a  standard  for  the 
flight  system. 

•  New  use  of  old  technique — Pre- 
dictive control  is  not  new;  it  is  almost 

as  old  as  the  modern  analog  computer. 
It  was  used  during  World  War  II  in 
radar  tracking  devices  and  for  anti- 

aircraft fire  control;  the  guns  were 
aimed  not  at  the  aircraft  but  where 
computations  predicted  the  aircraft 
would  be  when  the  shells  arrived. 

The  technique  was  to  run  the  com- 
puter ahead  of  real  time. 

For  the  X-20,  the  concept  is  sim- 
ply to  speed  up  the  time  scale  so  the 

computer  solves  the  vehicle's  equations 
of  motion — or  simplified  equations  of 
motion — in  less  than  one-tenth  of  a 
second,  thus  predicting  the  end  condi- 

tions which  would  be  displayed. 
The  idea  of  using  the  technique  for 

a  display  for  energy  management  of  a 
vehicle  is  fairly  new  and  has  not  been 
sufficiently  exploited,  according  to  A. 
E.  Rogers,  of  the  Research  and  Compu- 

tation Div.  of  Electronic  Associates 
Inc.,  Princeton,  N.J.  One  of  the  lead- 

ing companies  in  the  analog  comput- 
ing field,  Electronic  Associates  is  help- 
ing the  Air  Force  work  up  the  com- 

putational aspects  of  the  problem. 
•  Getting  the  footprint — For  the 

booster  burnout  conditions  shown  in 
Fig.  1,  the  glider  has  a  total  range  vari- 

ation capability  of  about  20,000  n.  mi.: 
by  flying  the  angle-of-attack  for  maxi- 

mum lift-drag,  the  vehicle  can  reach 
more  than  25,000  n.  mi.;  by  flying  for 

by  William  Beller 

minimum  lift/drag,  the  range  is  reduced 
to  below  5000  n.  mi. 

Immediately  after  booster  burnout, 
the  vehicle's  range  capability  is  reduced 
by  more  than  100  n.  mi.  per  second, 
chiefly  a  result  of  aerodynamic  drag 

decreasing  the  vehicle's  total  energy. 
This  rapid  change  shows  the  need  for 
the  pilot  to  have  fast  and  accurate  flight 
information. 

As  the  vehicle  continues  through  its 
trajectory,  the  range  capability  con- 

tinues to  get  smaller  and  smaller  until 
it  degenerates  into  a  point. 

The  total  glider-maneuvering  capa- 
bility is  shown  by  an  outline  called  the 

footprint.  It  shows  on-course  as  well 
as  off-course  maneuvering  capability. 

Footprint  size  and  shape,  according 
to  Anderton,  depend  on  the  instanta- 

neous values  of  vehicle  velocity,  head- 
ing, altitude,  flight-path  angle,  and  posi- 
tion over  the  Earth,  as  well  as  vehicle 

lift/drag.  Whenever  aerodynamic  forces 
are  acting  on  the  vehicle,  the  footprint 
size  and  shape  are  changing.  There  is, 
therefore,  a  unique  footprint  for  each 
set  of  flight  conditions. 

A  completed  footprint  as  it  would  be 
displayed  to  the  pilot  or  to  the  energy- 
management  monitor  is  shown  in  Fig. 
2.  Anderton  includes  several  reference 

lines,  indicating  downrange  and  cross- 
range  capability  at  intermediate  angles 
of  attack  in  addition  to  the  basic  outline. 

By  using  the  reference  lines,  the 
pilot  or  ground  monitor  can  determine 
the  combination  of  angle  of  attack  and 
angle  of  bank  required  to  arrive  at  the 
destination.  To  reach  the  landing  site 
shown,  for  instance,  the  pilot  can  see 
that  he  should  fly  an  angle  of  attack  of 
25°  and  angle  of  bank  of  30°.  8 

Booster  Burn-out  Conditions 
(Approximate) r-Booster  — H  =  300,000  Ft 

V  =  24,700  fps 
u 

y        \.      y— Maximum  L./  D V 

•a 

Nominal  L-/D 3 
Minimum  L/D  ^ — 

5U00 20000  25000 Range -   Nautical  Miles 

FIGURE  I — Range  modulation  capability  at  booster  burnout. 
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FIGURE  2— Complete  footprint. 
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SILICONE  RUBBER  News  from  Dow  Corning 

Here's  how  Silastic  works  for  you 

Rubber  unaffected  by  ozone?  Yes,  and  Silastic®, 
the  Dow  Corning  silicone  rubber,  resists  voltage 
stresses  that  produce  corona  and  ionize  oxygen 
to  form  ozone!  Not  only  does  Silastic  easily  work 
with  these  high  voltages  but  it  shows  no  cracking 
or  deterioration  after  long  exposure  to  high 
ozone  concentration. 

Because  Silastic  is  resistant  to  ozone  —  which 
makes  it  so  suitable  for  high  voltage  applications 
—  it  is  also  ideal  for  high-altitude  aircraft  seals. 
See  the  other  inherent  properties  of  Silastic  listed 
at  the  right.  Finished  parts  of  Silastic  are  readily 
available  from  most  rubber  companies. 

For  complete  technical  data  on  Silastic  and 
sources  for  parts  write  Dow  Corning  Corpora- 

tion, Midland,  Michigan,  Dept.  6212. 

Properties  of  Silastic  that  can  ivork  for  you 
flexible  and  stable  from  —130  to  500  F 
RESISTS  PERMANENT  DEFORMATION  when 

compressed  at  temperature  extremes 
high  dielectric  strength  under 

adverse  environmental  working  conditions 
inert  to  OXYGEN,  ozone  and  many  chemicals 
RETAINS  STRENGTH  AND  SHAPE 

when  soaked  in  oils,  fuels  and  solvents 
unaffected  BY  moisture — water,  vapor  or  steam 
doesn't  crack  or  check  from  weathering 
NO  deterioration  due  to  age  or  thermal  cycling 

Do vi/  Corning 
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UNIVERSAL  CALIBRATING  &  CONDITIONING 

SYSTEMS  FOR  VIRTUALLY  ALL  TYPES  OF 

TRANSDUCER  SIGNALS 

Astrodata  solid  state  ECAN  (Excitation,  Cali- 
bration, and  Normalization)  systems  accept 

input  signals  from  virtually  all  types  of  instru- 
mentation transducers,  and  provide  normal- 

ized output  data  in  the  form  of  dc  voltages 
proportional  to  input  signals. 
ECAN  systems  are  adaptable  to  a  wide  range 
of  requirements.  They  can  operate  with  hun- 

dreds of  feet  of  input  lines  and  provide  high 
output  currents  to  drive  galvanometers,  or 

more  than  a  mile  of  transmission  lines.  High 
performance  characteristics  — low  noise,  broad 
bandwidth  and  high  speed  overload  recovery- 
permit  time-sharing  multiplexing.  Floating  ex- 

citation power  supplies  are  furnished  to  isolate 
individual  channels. 

When  you  progress  from  one  development  pro- 
gram to  another,  Astrodata  ECAN  systems  can 

be  adapted  quickly  and  economically  to  new 
requirements  by  simply  substituting  modules. 
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Astrodata  ECAN  systems  accept 
inputs  from  virtually  all  types of  instrumentation  transducers 
—  strain  gages,  temperature bulbs,  thermocouples,  flow 
meters,  tachometers,  gas  anal- ysis probes,  variable  reactances 
—  and  provide  output  data  in  the form  of  dc  voltages  proportional 
to  input  signals. 

Four  of  More  Than  50 

Standard  Modular  Channels  Available. 

Model  1139 
DC  Amplifier  Signal  Conditioning  Unit 

INPUT  RESISTANCE 
100  megohms 
FREQUENCY  RESPONSE 

I    dc  to  7  kc  ±  1  % I  GAIN 

'    1,  50,  100,  200,  500,  and  1000 
DC  LINEARITY 
±0.01%  of  best  straight  line 

Model  1141 
3-KC  Phase-Sensitive  Demodulator 

CONVERSION  ACCURACY 
(Amplitude) 
±0.25%  of  full  scale  (dc) 
FREQUENCY  RESPONSE dc  to  500  cps 
INPUT  IMPEDANCE  (3  kc) 
0.1  megohm  minimum 
OUTrUT IMPEDANCE 
Less  than  1  ohm 

Model  1137 
DC  Excitation  and  Calibration  Unit 

CURRENT  OUTPUT 
0  to  100  ma 
VOLTAGE  LEVEL  TO  TRANSDUCER 
28,  10  or  5  vdc 
NOISE  (Including  Ripple) 
±0.005%  rms  of  full  scale 
VOLTAGE  STABILITY  (24  Hours) 
±0.01%  of  full  scale 
VOLTAGE  STABILITY  (90  Days) 
±0.05%  of  full  scale 

Model  1133 
AF  Frequency  to  DC  Converter 

RANGE 
100  cps  to  2000  cps 
CONVERSION  ACCURACY 
±0.25%  of  full  scale  (dc) 
INPUT  IMPEDANCE 
10  k-ohm OUTPUT  CURRENT  (dc) 
50  ma 

For  more  complete  technical  data  on  your  particular  requirements  contact 
your  nearest  ASTRODATA  engineering  representative,  or  write  directly  to: 

)DATA  IWTC 

240  East  Palais  Road  •  Anaheim,  California  •  Phone:  (714)  772-1000 

mm 
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drone  systems 

Additional  Bikini  Funding  Is  Imminent 

Republic  photo-recon  vehicle  for  Army,  Marine  Corps 
said  to  cost  less  than  comparable  devices  now  in  use 

by  Michael  Getler 

FIELD  SETUP  shows  test  version  of  Bikini  photo-recon  drone  on  rail  launcher.  Inset  is 
representative  aerial  photo  taken  by  drone,  which  has  ceiling  of  about  5000  ft. 

Mineola,  L.I.,  N.Y. — Additional 
funding  is  expected  soon  for  the  Bikini 
photo-reconnaissance  drone — a  system 
Republic  Aviation  Corp.  claims  would 
cost  far  less  than  any  comparable  de- 

vice now  in  service. 

Republic's  Missile  System  Div.  says 
recent  Bikini  flight  tests  met  with  "rea- 

sonable success,"  but  also  emphasized 
the  need  for  more  development  effort 
to  improve  reliability. 

Bikini  drones  were  damaged  in  three 
of  nine  flights  last  September  at  the 
Twenty-Nine  Palms,  Calif.,  Marine 
Corps  base.  The  tests,  however,  demon- 
trated  feasibility,  according  to  Republic. 

•  Developmental  history — Develop- 
ment of  the  drone,  a  low-budget  exper- 
iment aimed  at  putting  a  lightweight 

and  easy-to-operate  photo-recon  sys- 
tem in  the  hands  of  a  battlefield  com- 

mander, has  been  supported  in  its  early 
phase  under  an  Office  of  Naval  Re- 

search contract. 
A  proposal  to  continue  develop- 

ment was  submitted  by  Republic  in  April 
after  a  joint  Army-Marine  Corps  flight 
demonstration  at  Quantico,  Va.  during 
which  the  firm  reports :  "excellent  flights 
and  excellent  photos"  were  achieved. 

Bikini,  even  in  its  current  experi- 
mental configuration,  is  an  extremely 

simple  and  lightweight  device.  Weighing 
in  at  35  lbs.,  including  camera  payload, 
the  drone  reportedly  has  an  in-flight 
endurance  of  30-40  min.,  operates  at 
altitudes  to  roughly  5000  ft.  above  sea 
level,  and  would  provide  recon  capabil- 

ity within  a  5-10  mi.  radius. 
The  drone,  according  to  Republic, 

has  a  limited  all-weather  capability,  de- 
pending mostly  upon  the  camera  pay- 

load.  A  modified  version  could  also  ful- 
fill a  night  photo-reconnaissance  role. 
Cruising  speed  of  Bikini — named 

for  its  simplicity,  economy,  and  reported 
ability  to  cover  strategic  areas — is  nor- 

mally below  115  mph. 
•  System  Design — The  airframe  is 

of  reinforced  plastic,  cutting  down  on 
weight  and  radar  reflectivity:  The  sys- 

tem, in  addition  to  using  an  assortment 

of  off-the-shelf  model  airplane  parts,  is 
powered  at  under  5  hp.  by  an  unusual 
2-cycle,  2-cylinder  engine. 

Radio-command  guidance  is  used, 
and  is  similar  to  the  system  proposed 

by  Republic  for  the  Army's  USDS drone,  with  five  channels  currently  em- 
ployed by  the  ground  controller  for  ai- leron and  rudder  commands,  throttle 

setting,  camera  activation,  and  deploy- 
ment of  the  12-16  ft.  recovery  para- 
chute packaged  within  the  fuselage. 

Engineers  see  no  problem  in  meet- 
ing command-system  security  require- 

ments for  drones  with  these  limited 
ranges.  Control  beyond  visual  range  has 
been  achieved  in  flight  tests  to  date, 
Republic  reports,  through  use  of  a  track- 

ing plot  at  the  control  site. 
An  unusual  airframe  design  extends 

the  vertical  stabilizer  considerably  be- 
neath the  fuselage,  where,  Republic 

claims,  it  can  best  increase  maneuvera- 
bility under  certain  flight  conditions, 

and  also  reduce  the  chance  of  snagging 
the  parachute  during  recovery. 

For  Marine  or  possibly  Army  use, 

a  helicopter-transportable  mechanized 
package  would  probably  be  developed 
compatible  with  the  vertical  assault 
concept.  According  to  Republic,  a  sin- 

gle mechanized  "mule"  type  vehicle — mounting  three  drones,  spare  parts,  the 
pneumatic  launching  system,  and  con- 

trol equipment — would  weigh  less  than 
500  lbs. 

The  system,  designed  to  complement 
the  Army's  far  more  sophisticated  USD- 
2  drone,  could  be  operated  throughout 
an  entire  mission  plan  by  two  men,  the 
firm  claims. 

Engineers  here  have  also  re-designed 
the  rail-launcher  system,  shortening  it 
some  from  the  prototype  version  and 
substituting  a  rubberized  pneumatic  ac- 

cumulator for  the  metal  one  used  to 
date. 

Engineers  point  to  these  Bikini  as- 
sets: small  size,  making  visual  detection 

difficult;  ability  to  operate  beyond  small 
arms  fire  range,  relatively  quiet  opera- 

tion at  altitude,  small  radar  cross-sec- 
tion, and  poor  Doppler  signal  because 

of  low  speed.  & 
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Thiokol  Research  with  High-Energy  Oxidizers  opens  new 

PROPULSION  PATHS\ 

WHERE  SIZE  COUNTS... 

Thiokol's  pioneering  broke  the  size 
barrier  on  solids.  Continuing  R&D 
at  Thiokol  has  been  responsible  for 
scores  of  technical  breakthroughs 
leading  to  production  of  the  most 
reliable  propulsion  systems  in  rock- 

etry's current  catalog. 

At  present,  Thiokol  scientists  are  en- 
gaged in  development  of  new  super 

oxidizers  for  solids  application.  A 

Micro  photo  of 

greatly  enlarged  microphotograph  of 
one  of  these  crystalline,  high  per- 

formance ingredients  is  shown  in  in- 
sert illustration  below.  Promising 

vastly  improved  performance-greater 
lift,  range,  and  payload  delivery— in 
motors  now  flying,  new  Thiokol- 
developed  oxidizers  will  also  increase 
adaptability  of  solid  systems  for  up- 

per stages  of  space  vehicles,  enhance 
punch  and  reliability  of  big  boosters. 

NUCLEAR  MAGNETIC  RESONANCE 
SPECTROMETER.  Advanced  scientific 

apparatus  used  to  determine  molecular 
structure  of  exotic  fuel  components  for 

purposes  of  predicting  their  behavior. 
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TO  SPA  CE 

WHERE  PERFORMANCE  COUNTS... 

Thiokol  is  taming  many  exotic  liquid 
fuels  for  space  flight.  Research  has 
already  achieved  several  new  pro- 
pellant  combinations  capable  of  pro- 

viding missions  of  longer  duration 
with  greater  payload  capacity  than 
other  space  storables  and  advanced 
cryogenics. 
In  actual  firings  of  oxygen  difluoride/ 
diborane  on  the  thrust  stand,  for  ex- 

ample, Thiokol  is  establishing  injec- 

tor performance,  developing  ablative 
and  other  chamber  cooling  techniques 
and  defining  propulsion  system  per- 
formance. 

ROCKET  ROBOT.  Remotely  controlled 
device  carries  experimental  motors  and 
"hot"  propellant  compounds  from  lab 
to  test  area.  Speeds  developmental  work. 

CHEMICAL  CORPORATION 

BRISTOL,  PENNA. 

Rocket  Operations  Center:  Ogden,  Utah 

AN  EQUAL  OPPORTUNITY  EMPLOYER 

Thrust  stand  firing  with  OF2. 
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From  beneath  the  ground  as  well  as  from  the  ground  up,  LSi  Instrument  Division's  new 
Aerospace  Development  Center  has  been  built  to  incorporate  the  latest  techniques  in 
simulating  aerospace  environment.  Space  atmosphere  is  simulated  in  a  chamber  where 
vacuum  conditions  are  created  for  the  testing  of  entire  spacecraft  systems  in  their  operat- 

ing environment.  A  175  ton  concrete  table  resting  on  pilings  which  extend  45  ft.  into  the 
earth  provides  a  "stable  table"  for  delicate  instrumentation  work  without  influence  from 
movements  of  the  earth's  surface.  Within  the  Center  are  engineering  equipment  and 
facilities  specifically  selected  and  specially  designed  to  assist  Instrument  Division  engi- 

neers in  the  establishment  of  new  advancements  in  aerospace  technology.  Solid  state 
and  electromagnetic  laboratories,  large  areas  of  engineering  "clean  rooms,"  gyro  and 
guidance  platform  laboratories,  radio  frequency  shielded  rooms  and  many  other  unique 
facilities  assure  the  Center  and  its  technical  staff  of  an  increasingly  important  role  in  the 
development  of  highly  reliable  aerospace  systems. 

LEAR  SIEGLER,  INC. 
INSTRUMENT  DIVISION Circle  No.  5  on  Subscriber  Service  Card 



space  systems 

Nuclear  Safety  Funds  May  Double 

AEC  spending  could  hit  $17  million  in  Fiscal  1964 

by  Frank  G.  McGuire 

AECs  BUDGET  for  safety  in  nu- 
clear space  programs  is  expected  to 

double  in  the  next  year.  Current  fund- 
ing, including  flight-test  costs,  stands  at 

about  $6  million.  Fiscal  Year  1964  may 
see  as  much  as  $17  million  spent  on 
safety. 

The  commission  is  planning  to  buy 
five  to  seven  Scout  launch  vehicles  for 
its  flight-test  program,  and  launch  op- 

erations will  be  handled  by  NASA  from 
Wallops  Island.  Along  with  the  flight- 
test  program,  AEC  will  conduct  a  series 
of  SNAPtran  (SNAP  transient)  tests  at 
its  Idaho  Falls,  Idaho,  facility,  running 
the  reactors  to  destruction  for  data- 
gathering  purposes. 

Three  major  contractors  are  involved 
in  the  immediate  program,  in  addition 
to  AEC  and  supporting  government 
agencies.  The  contractors — Atomics  In- 

ternational for  the  nuclear  packages, 
Sandia  Corp.  for  flight  tests,  and  Phillips 
Petroleum  for  ground  tests — are  respon- 

sible for  the  program.  AEC  oversees 
the  work. 

The  commission's  assistant  director 
for  nuclear  safety,  Dr.  Joseph  A. 
Lieberman,  whose  office  was  established 

a  year  ago,  says  his  safety  program's 
activities  are  funded  independently  of 
individual  SNAP  programs.  The  budget 
covers  operating  expenses,  not  admin- 

istrative costs  such  as  salaries.  Admin- 
istrative costs  are  borne  separately  by 

AEC. 

The  first  non-nuclear  reactor  flight 
demonstration  (RFD-1)  is  scheduled  to 
take  place  from  Wallops  Island  in  the 
spring  of  next  year,  using  a  simulated 
SNAP- 1  OA  reactor.  Ballistic  re-entry 
will  be  at  about  five  or  six  degrees,  with 
total  heat  input  to  the  package  about 
equal  to  that  of  a  re-entering  satellite. 
Data  from  the  test  will  be  obtained 
through  facilities  on  Bermuda. 

•  Program's  aims — In  the  continu- 
ing program,  Dr.  Lieberman  says,  every 

flight  test  will  have  a  complete  backup 
vehicle  and  payload  in  case  the  initial 
test  does  not  return  adequate  results. 
The  tests  are  to  determine  how  reactors 
behave  under  all  conditions  that  could 
conceivably  spread  radioactive  contami- 

nation, such  as  launch  pad  impact,  sea 
impact,  fire,  unscheduled  re-entry,  and 
similar  hazardous  circumstances. 

"There  are  unquestionable  interna- 

AIR  FORCE  technicians  at  Holloman  AFB 
prepare  SNAP-10A  unit  for  impact  tests. 

tional  implications  here,"  he  points  out, 
"and  we're  our  own  toughest  customer 
on  safety  considerations." Howard  G.  Hembree,  head  of  the 
Engineering  Test  Branch  in  Dr.  Lieber- 
man's  office,  says  his  organization  runs 
engineering  analyses  of  systems,  but 
the  ultimate  responsibility  for  safety  of 
nuclear  systems  rests  with  the  contrac- 

tor. AEC  has  no  actual  project  respon- 
sibility; it  can  only  suggest  system 

modifications. 
Sandia,  doing  considerable  R&D 

work  on  re-entry  burnup  character- 
istics, will  also  furnish  assistance  in  the 

orbital  SNAPshot  reactor  test  program, 
but  will  not  fabricate  payloads. 

SNAPshot,  mounted  in  an  Agena-B 
vehicle,  will  use  a  SNAP-10A  reactor 
to  power  its  own  sensors  and  instru- 

mentation during  a  planned  orbit  of 
tens  to  hundreds  of  years.  No  attempt 
will  be  made  to  re-enter  the  payload 
intentionally  after  startup,  and  AEC 
hopes  to  get  long-life  operating  data. 

Safety  calculations  on  the  payload 
are  being  made  in  ground  tests  simulat- 

ing more  stringent  conditions  than  are 
expected  in  orbit.  First  launch  in  SNAP- 

shot is  slated  for  next  year,  using  an 
Atlas-Agena,  from  Vandenberg  AFB, 
Calif. 

In  the  Scout  ballistic  tests  from  Wal- 
lops Island,  the  Air  Force  Special  Weap- 
ons Center  will  supply  downrange  air- 

craft and  instrumentation  similar  to 
that  used  in  the  ballistic  pod  re-entry 
tests  conducted  with  Atlas  vehicles  from 
Cape  Canaveral  (M/R,  Nov.  5,  p.  38). 
The  Atlas  pods  were  for  isotopic  SNAP units  only. 

•  Ideas  welcome  —  Dr.  Lieberman 
says  his  office  is  receptive  to  any  quali- 

fied contractor  ideas  for  successfully 
insuring  the  safety  of  nuclear  space 
hardware,  but  there  is  no  active  pro- 

gram underway  to  seek  such  suggestions. 
This  is  because  of  the  highly  specialized 
nature  of  the  work  and  the  fact  that  a 
flow  of  information  has  already  been 
established  among  nuclear  contractors. 

Subcontracting  on  the  program  is 
handled  through  the  principal  industrial 
companies,  not  directly  with  AEC — 
much  as  in  the  Air  Force  system  of 
tunneling  all  system  work  through  one 
central  contractor.  Virtually  all  the  aero- 

space nuclear  safety  funding  has  been 
spent  with  industry,  Dr.  Lieberman  says, 
adding  that  industry  contributions  will 
be  mainly  in  the  subcontracting  field. 

•  Major  safety  areas  —  The  aero- 
space nuclear  safety  program  is  divided 

into  four  areas:  research  and  develop- 
ment, ground  environment,  flight  test, 

and  reactor  kinetics.  The  research  and 
development  phase  is  concerned  with 
physics  of  the  upper  atmosphere,  ther- 

modynamic heating  rates,  ablation  mech- 
anisms, diffusion,  dispersion  and  resi- 

dent times  of  ablated  system  particulates. 
The  ground-environment  phase  en- 

compasses experiments  to  simulate 
aborts  on  the  pad,  or  during  ascent,  in- 

jection or  re-entry  portions  of  a  mission. 
The  flight  tests  are  flight  demonstrations 
of  models  or  prototypes.  This  phase  con- 

tains the  proof  of  safety  for  systems. 
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space  electronics 

High-gain  Antennas  Urged  for  ComSats 

STL's  Mueller  tells  how  concept  could  be  used  for  TV 
broadcasts  to  Africa,  or  secure  military  communications 

NARROW-BEAM  antennas  can  be 
used  on  satellites  to  provide  blanket 
coverage  of  newly  emerging  nations  by 
television  relay  or  to  establish  highly 
secure  radio  tactical  command  and  con- 

trol communications. 
Antennas  of  up  to  40  ft.  in  diameter 

aboard  presently  conceived  communica- 
tions satellites  would  significantly  extend 

the  ComSats'  existing  capabilities  with- 
out imposing  a  heavy  weight  or  re- 

design penalty. 
Details  of  such  a  system  were  pre- 

sented by  Dr.  George  E.  Mueller,  vice 
president  of  Space  Technology  Labor- 

atories, Inc.,  at  a  local  section  meeting 
of  the  American  Rocket  Society  in 
Washington,  D.C. 

Utilization  of  high-gain  antennas 
would  be  an  improvement  of  existing 
synchronous,  stabilized  communication 
satellites,  rather  than  a  second-genera- 

tion approach.  Mueller  declared. 
He  also  emphasized  that,  while 

power  requirements  would  be  kept  low, 
more  power  could  be  directed  to  ground 
receivers.  And  he  said  this  could  be 
achieved  without  the  degradation  of 
reliability  corollary  to  high  satellite- 
transmitter  powers. 

•  Antenna  needs — Two  design  con- 
siderations will  limit  practical  space- 

borne  antenna  size,  Mueller  pointed  out. 
Of  greater  importance  is  the  fact  that 
for  a  given  frequency  beamwidth  de- 

creases as  antenna  diameter  increases, 
thus  requiring  higher  and  higher  space- 

craft attitude  control  accuracies. 
For  reliable  area  communications, 

Mueller  said,  pointing  accuracy  require- 
ments could  be  roughly  10  times  those 

demanded  by  any  of  the  currently  pro- 
posed communication  satellites.  He  em- 

phasized, however,  that  this  is  still  only 
one-tenth  the  stabilization  accuracy  to 

be  employed  in  NASA's  Orbiting  Astro- nomical Observatory. 
The  second  consideration,  Mueller 

pointed  out,  involves  antenna  size  and 
torque,  particularly  in  diameters  of  50- 
100  ft.  Significant  torques  are  likely  to 
be  developed  as  a  result  of  solar  radia- 

tion pressure,  he  asserted.  Thus,  there 
will  be  a  need  for  an  attitude  control 
system  capable  of  providing  continuous 
corrective  torques.  And  he  emphasized 
that  the  movements  of  such  a  structure 
will  require  significant  increases  in  the 
size  of  control  system  inertial  elements. 

Spaceborne  antennas,  such  as  the 
Sunflower  collectors,  have  been  designed 
and  fabricated  measuring  15  and  32  feet 
in  diameter  and  weighing  84  lbs.  and 
143  lbs.,  respectively.  Other  paraboloids 

that  can  readily  be  built  up  to  50  ft.  in 
dia.,  he  said,  could  be  folded  umbrella- like for  launch. 

•  VOA-type  broadcasts  —  Employ- 
ing antennas  of  20-ft.  diameter  (100 

lbs.)  or  40-ft.  diameter  (170  lbs.),  in- 
cluding all  support  and  deployment 

equipment,  would  not  add  excessively  to 
satellite  weight,  Mueller  claimed.  Result- 

ing satellite  design  perturbations  would 
be  small,  added  thermal  control  could 
be  handled  passively,  and  larger  dis- 

turbing torques  would  require  less  than 
1  lb.  of  extra  weight  for  reaction  wheels. 

Such  a  narrow-beam  satellite  would 
be  ideal,  he  suggested,  for  Voice  of 
America  broadcasts  to  new  nations  such 
as  those  emerging  in  Africa.  Placed  in 
synchronous  orbit  above  the  equator  at 
15°W,  one  satellite  would  provide  com- 

plete coverage  of  Africa.  At  that  longi- 
tude, the  space  station  would  have  an 

elevation  angle  of  6.4°  above  the  hori- 
zon from  New  York  City  and  have  a 

slant  range  of  22,000  n.  mi.  (See  Table 
1  for  the  geometric  parameters  of  three 
widely  separated  typical  receiving  sites.) 

•  TV  practical  —  For  relayed  tele- 
vision broadcasts  to  this  region  from 

New  York,  Mueller  said,  the  satellite 
would  require  a  separate,  small  antenna 
to  receive  a  signal  at  SHF,  or  it  could 

GEOMETRICAL  PARAMETERS  FOR  THREE  RECEIVING 
SITES,  WITH  24-HOUR  EQUATORIAL  SATELLITE 

AT  I5°W 
Timbuktu, 
French 

West  Africa 
(2°W,  I5°N) 

Windhoek, 
Southwest Africa 

(I5°E,  22°S) 

Mogadiscio, 
Somalia 

(45°  E,  0=) 
Great  Circle  from 

Subsatellite  Point  

19.8° 
36.6° 

60= 

1.185  N.  Mi. 2,195  N.  Mi. 3,600  N.  Mi. Elevation  Angle 

66.7° 
46.9" 

21.9° 

Range  from  Satellite  19,564  N.  Mi. 20,130  N.  Mi. 21.251  N.  Mi. 
Free  Space  Losses 

(at  800  mc)  181.6  DB 181.9  D3 182.5  DB 
Angle  from  Vertical at  Satellite  

3.4° 

5.9° 8.0° 

TABLE  2.    COMMUNICATION  CHARACTERISTICS  OF  A 
SYNCHRONOUS  SATELLITE  WITH  40-FOOT 

ANTENNA,  800  MC 

Satellite  Radiated  Power  (10  Watts)   40  DBM 
Satellite  Antenna  Gain   38  DB 
Antenna  Beamwidth   4° 
Ground  Antenna  Gain   12  DB 
Space  Loss   —182  DB 
System  Losses   —   3  DB 
Receiver  Signal  Power   —  95  DBM 
Receiver  Noise  Density  (200°K  Receiver)    — 1 16  DBM/MC 
Receiver  Noise  Bandwidth   3  MC 
Receiver  Noise  Power   —Ill  DBM 
Input  S/N   16  DB 
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TABLE  3.    CHARACTERISTICS  OF  A  SYNCHRONOUS  COMSAT 
FOR  COMMAND  AND  CONTROL 

4000  MC 
20-ft.  dia 

800 MC Satellit 3  Antenna 
40-ft dia. Narrowband 
Satellite (Four  30-kc Antenna Wid eband Chann 

■Is) 

1  In 

up 

Down 

Up 

Down 

Up 

Down 
Transmitted  Power 

50 

40 

50 
36 

50 

30* 

Transmitter  Antenna r  n  n  \ 26 38 
29 

46 

29 

46 
Antenna  Beamwidth. 

2° 

0.75° 
0.75° 

Space  Loss  (DB)  

—182 -182 —198 —  1 98 —  198 —198 

System  Losses  (DB).... 

—  3 -  3 —  3 
—  3 —  3 

—  3 

Receiver  Antenna 
Gain  (DB)  35 

12 46 
29 46 29 

Receiver  Signal 
Power  (DBM)  

—  74 -  95 —  76 —  90 —  76 
—  96 

Receiver  Noise 
Density  (DBM/MC) 

—1 10 -1 16 —  1 10 —  1 15 
—1  10 —1 15 

Receiver  Noise 
Bandwidth  (MC)  0.1 0.1 3 3 0.03  (X4) 0.03 

Receiver  Noise 
Power  (DBM) —  120  - 

-126 —  105 —  110 

—1 19* 

—125 

Input  S/N  (DB) 
46 

31 
29 20 

43* 

29 

*  DBM  or  DB  per  Channel,  as  Noted. 

TABLE  4.    CHARACTERISTICS  OF  A  SYNCHRONOUS  COMSAT  FOR 
MOBILE-TO-MOBILE  UNITS,  8000MC,  40-FT.  DIA. SATELLITE  ANTENNA 

2-ft.-Dia. 
Ground 
Antenna 
Up  Down 

Dipole Ground 
Antenna 

Up  Down 
Transmitted  Power  IDBM)  
Trans.  Antenna  Gain  (DB)  32 58 3 58 
Antenna  Beamwidth  

4" 

0.2* 180° 

0.2° 

Space  Loss  (DB)  

—204 —204 —204 —204 

System  Losses  (DB)  

—  3 
—  3 —  3 

—  3 

Receiver  Antenna  Gain  (DB)  58 

32 

58 3 
Receiver  Signal  Power  (DBM)  

—  67 —  81 —  106 —1 10 

Receiver  Noise  Density  (DBM/MC) 

—  1 10 —  1 15 

—no —1 15 

Receiver  Noise  Band  (MC)   0.03 
0.03 

0.003 0.003 
Receiver  Noise  Power  (DBM) 

—  125 —  130 —  135 —  140 

Input  S/N  (DB)  

58 

49 

29 

30 

employ  an  offset  feed  on  the  receiving 
antenna,  accepting  the  loss  in  gain  that 
results.  Relay  to  African  homes  would 
then  use  the  large  antenna  to  transmit 
in  the  800-mc  broadcast  band. 

One  possible  configuration  places 
the  antenna  at  the  extreme  end  from  a 
solar-cell  array  to  minimize  interference 
by  the  large  antenna.  Since  the  satellite 
rotation  will  interpose  the  antenna  be- 

tween the  satellite  and  the  Sun  period- 
ically, storage  batteries  capable  of  12- 

hour  operation  without  charging  would 
be  required.  Otherwise,  an  open-mesh 
antenna  reflector  might  be  used  so  that 
the  solar  cells  would  generally  be  in 
view  of  the  Sun. 

Mueller  said  the  large  antenna, 
canted  about  5°  to  the  local  vertical, 
would  aim  at  a  point  on  Earth  to  keep 
to  a  minimum  the  angular  excursion  re- 

quired at  the  satellite  to  direct  its  beam 
toward  the  selected  receiving  areas.  The 
geometry  of  the  situation  would  place 
this  point  in  the  French  Congo,  about 
2°N,  15°E. 

Mueller  suggested  use  of  a  multiple 
antenna  feed  to  direct  antenna-radiated 
energy  in  the  several  required  directions 
simultaneously.  Employing  a  40-ft.  an- 

tenna and  assuming  a  10°  total  angle  to 
cover  Africa,  would  call  for  a  number 
of  feeds  for  complete  coverage,  he  as- 

serted. Since  the  number  of  repeaters 
available  in  the  satellite  is  limited, 
either  a  mechanical  movement  of  the 
feed  for  each  repeater  or  a  nest  of  feeds 
with  ferrite  switches  for  feed  selection 
could  be  employed.  Reduction  in  an- 

tenna gain  at  the  extreme  excursions 
would  be  less  than  1  db,  Mueller 

calculated. 
Using  a  40-ft.  antenna  and  assum- 
ing a  transmitted  frequency  of  800  mc, 

satellite  antenna  gain  would  be  38  db, 
he  observed.  If  6-element  arrays  (with 
12-db  gain)  were  provided  on  the  Af- 

rican homes,  with  very  high-quality  re- 
ceivers (about  200°K  noise  tempera- 

ture), a  3-mc  television  signal  could  be 
relayed  satisfactorily  by  transmitting  10 
watts  from  the  satellite  (see  Table  2). 
However,  he  estimated,  a  20-ft.  antenna, 
providing  31-db  gain,  would  require  40 
watts  for  equivalent  ground  reception. 

Almost  complete  coverage  of  Af- 
rica (e.g.,  the  relayed  signal  could  on 

command  be  aimed  at  almost  any  home 
in  Africa),  could  be  provided  from  the 
same  satellite  by  using  a  multiple  feed 
system  centered  at  about  10°E  on  the 
equator.  The  antenna  feeds  would  need 
to  be  offset  from  center  about  4° maximum. 

•  Military  applications  —  A  com- 
munications satellite  with  a  high-gain 

antenna  would  be  useful  in  military 
applications  for  directing  narrowband 
messages  to  field  forces  or  reasonably 
wideband  one-way  transmissions  from 
Headquarters  to  Area  Command  Cen- 

ters, Mueller  pointed  out. 
One  of  the  principal  advantages  of 

narrow-beam  antennas  is  their  inherent 
resistence  to  jamming  resulting  from 
the  limited  geographical  coverage. 

By  trading  off  the  3-mc  bandwidth 
for  four  or  five  single  or  grouped 
voice  channels  (see  Table  3)  the  same 
satellite  could  provide  coded  transmis- 

sions to  aircraft  or  to  ground  receivers. 
The  optimum  frequency  for  this 

application,  said  Mueller,  is  higher  than 
800  mc,  possibly  4000  mc,  as  a  rea- 

sonable compromise.  (A  600-mc  wide 
band  is  already  allocated  to  military 
communications  in  that  frequency 
region.) 

Even  more  directly  applicable  to 
military  needs,  the  scientist  asserted, 
might  be  the  use  of  this  type  of  satellite 
for  two-way  communications  between 
mobile  units,  such  as  between  company 
and  battalion,  or  between  company  and 
tactical  aircraft  support  under  actual 
field  conditions  (see  Table  4). 

In  this  application,  Mueller  said,  it 
probably  would  be  desirable  to  use  a 
reasonable  amount  of  directivity  in  the 
ground  antenna.  Further,  since  more 
frequencies  are  available  at  higher  fre- 

quencies, it  may  be  desirable  to  consider 
operating  at  8000  mc,  also  already  as- 

signed to  the  armed  services. 
For  such  a  military  application, 

Mueller  claimed,  presently  designed 
communications  satellites  offer  signifi- 

cant limitations.  Since  only  about  four 
two-way  channels  can  be  built  into  a 
satellite  capable  of  being  launched  by 
today's  boosters,  the  scientist  suggested 
use  of  some  method  of  time  and  "beam" 
sharing  to  permit  an  appreciable  num- 

ber of  operating  units  to  use  the  com- munications service. 
Because  very  narrow  beamwidths- 

are  desirable,  an  automatic  scan  and 
lock  mode  of  searching  through  the 
multiple  antenna  feeds  could  be  used 
along  with  some  form  of  emergency 
channel  override.  This,  he  said,  would 
allow  allocation  of  communications  on 

a  priority  basis.  tt 
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space  electronics 

Probes'  Data-System  Design  Questioned 
No-high-speed  requirement  could  add  reliability,  flexibility 

Philadelphia — A  proposal  for  a 
one-way,  unmanned  voyage  to  Mars, 
set  forth  at  the  Fall  Joint  Computer 
Conference  here,  was  coupled  with  a 
strong  plea  for  greater  emphasis  on  de- 

sign of  the  information-processing  sub- 
system as  the  key  to  profitable  inter- 

planetary exploration. 
Commenting  on  development  of 

planetary  probes,  T.  B.  Steel,  Jr.,  of 
Systems  Development  Corp.,  Santa 
Monica,  Calif.,  said  "although  many  of 
the  basic  problems  (propulsion,  guid- 

ance, etc.)  are  well  in  hand,  the  vital 
question  of  providing  real-time  direction 
to  the  resulting  complex  of  equipment, 
surprisingly,  has  been  almost  totally 

ignored." In  a  paper  presented  to  the  recent 
conference,  Steel  set  out  "to  explore 
this  gap  in  the  science  of  astronautics." 

He  began  by  strongly  stressing  the 
need  for  complete  systems  analysis  of 
the  entire  probe  and  its  mission  prior 
to  design  and  programing  of  the  ve- 

hicle computer. 
As  envisioned  by  Steel,  a  one-way 

soft-landing  probe  to  Mars  could  be 
launched  in  December,  1966,  aboard 
a  three-stage  Saturn  vehicle.  Current  es- 

timates, he  says,  suggest  that  a  2500- 
kilogram  payload  can  be  placed  in  cir- 
cum-Martian  orbit  at  about  that  time. 
After  being  in  a  transfer  ellipse  for 
about  252  days,  the  probe  would  enter 
a  terminal  maneuver  early  in  Septem- 

ber, 1967,  landing  in  the  southern  hem- 
isphere at  the  beginning  of  the  Martian 

spring — a  relatively  good  time  for  data 
gathering. 

However,  probably  no  more  than 
90  days  would  be  available  for  accepta- 

ble data  transmission  from  Mars,  be- 
cause of  movement  of  Earth  to  within 

30  degrees  of  the  Sun  as  viewed  from 
Mars.  Steel  notes  that  although  the 
Martian  surface  environment — temper- 

ature and  atmosphere — is  clearly  sub- 
marginal  for  men,  it  is  "relatively  be- 

nign" to  machinery.  "This  happy  situa- 
tion," he  says,  "is  far  from  general  in 

the  solar  system." 
With  the  main  instrument  package 

immobile,  but  with  some  smaller  de- 
vices and  communications  equipment 

slightly  extending  the  horizon  and  ex- 
ploratory range  of  the  probe.  Steel  ex- 

pects the  exploration  capability  of  the 
probe  to  be  limited  to  roughly  50  sq. 
km.  Instrumentation  will  include  ther- 

mocouples, IR,  UV,  and  visual-light- 

sensitive  photometers,  seismographs, 
particle  radiation  detectors,  and  other 
passive  recording  devices.  Also,  biologi- 

cal and  mineralogical  specimen  collec- 
tors and  analyzers. 
To  the  information-processing  sub- 

system. Steel  points  out,  these  devices 
will  all  be  digital  signal  generators  with 
variable  data  rates  and  parameters  sub- 

ject to  alteration  by  the  computer 

system. •  Main  factors — In  developing  the 
design  philosophy  of  the  information 
system,  the  author  points  to  three  major 
considerations:  1)  the  time  scale  of  the 
mission  is  on  the  order  of  months  or 
years,  2)  for  some  part  of  the  time  the 
environment  is  sub-optimal,  and  3)  the 
desirability  of  employing  more  sophis- 

ticated procedures  than  blind  data-gath- 
ering cannot  be  overemphasized. 

Of  these,  the  long  time  scale  is  per- 
haps most  vital — in  effect,  it  adds  a 

degree  of  freedom  to  the  computer  de- 
sign, since  the  capacity  for  high  speed 

can  be  traded  for  storage  capacity. 
However,  the  central  computer  must 

monitor  its  own  data-rate  requirements. 
This,  Steel  asserts,  argues  for  flexibility 
and  militates  against  a  fixed  computer 
program.  "Use  of  a  lightning-fast,  fixed- 
program  computer  as  a  planetary  probe 
control  organ  is  almost  certain  to  be 

incorrect." The  one  phase  of  the  mission  which 
might  require  high-speed  calculation  is 
guidance,  but  Steel  points  out  that  the 
braking  ellipse  approach  for  the  Mars 
landing  takes  several  hours,  obviating 
the  need  for  nanosecond  logic  and 
wired  programs. 

According  to  the  author,  the  im- 
portant result  of  a  no-high-speed  re- 

quirement is  that  contemporary  logical 
design  and  current  components  can  be 
used.  "Existing  solid-state  components 

such  as  diodes,  transistors,  and  cores  are 
relatively  gross  and  not  very  sensitive 
to  particle  radiation — in  particular  they 
are  not  prone  to  permanent  damage  as 
a  result  of  ionization  tracks.  This  situ- 

ation no  longer  prevails  for  the  micro- 
miniaturized components  seemingly  nec- 

essary for  extremely  high  speeds.  Thin 
films  and  other  products  of  molecular 
electronics  technology  are  liable  to  give 
considerable  trouble  after  months  in 
space  unless  protected,  and  the  high 
energy  of  cosmic  radiation  precludes 

adequate  shielding." In  addition  to  radiation  hazards, 
Steel  asserts  that  most  thermal  problems 
can  be  mitigated  by  combination  of 
proper  skin  finishes,  component  encap- 

sulation, internal  shielding  and  insula- 
tion, and  compensating  thermal-sensi- tive servos. 

•  Limitations  —  Discussing  funda- 
mental constraints  in  communication 

over  interplanetary  distances  which  af- 
fect the  information-processing  system 

design,  Steel  lists  three  major  limita- 
tions: 1)  maximum  information  rate, 

2)  lag  time  for  signal  transit,  3)  peri- odic blackout. 

According  to  Steel,  studies  have 
shown  that  with  a  250-ft.-dia.  antenna 
on  Earth,  100  kilograms  of  equipment 
on  Mars  will  provide  just  over  100 
bits  per  sec.  While  some  improvements 
may  be  made  in  this  area,  the  order  of 
magnitude  of  this  rate  in  application 
is  not  likely  to  change  significantly  in 
the  next  decade,  he  says. 

To  safeguard  this  small  information 

capacity,  Steel  asserts  that  "all  redun- 
dancy not  immediately  related  to  reli- 
ability considerations  must  be  eliminated 

from  the  encoding  scheme.  Indeed, 

many  encoding  schemes  may  be  em- 
ployed, the  choice  being  dictated  by  the 

nature  of  the  data.  The  best  solution 

THE  THREE-DAY  Fall  Joint 
Computer  Conference  in  Philadel- 

phia reportedly  attracted  a  record 
conference  attendance  of  8000  per- 

sons. This  included  registrants  for 
the  30  technical  sessions  and  visi- 

tors and  exhibitors  at  the  accom- 
panying hardware  display.  Attend- 

ance at  last  year's  conference  was 5000  persons. 
Included  in  the  equipment  dis- 

play, valued  at  about  $10  million, 

were  14  complete  and  opertaing  com- 
puter systems.  Details  of  four  new 

computers  were  also  revealed  at  the 
meeting.  These  included  Control 
Data  Corp.'s  3600  computer  system, 
the  D825  modular  data  processing 
system  developed  by  Burroughs 
Corp.,  the  SOLOMON  parallel  net- 

work computer  developed  by  West- 
inghouse  Electric  Corp.,  and  English 
Electric  Co.,  Ltd.'s  KDF.9  com- 

puter. 34 missiles  and  rockets,  December  17,  1962 
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The  CHRYSLER  Corporation  SPACE  Division 
was  born  of  experience  over  a  decade  in  the 

research,  design,  development,  fabrication,  as- 
sembly, test,  and  launch  support  of  large  liquid- 

propelled  missile  systems  and  space  boosters. 
The  CHRYSLER  Corporation  SPACE  Division, 

as  a  prime  contractor  in  the  SATURN  S-l,  C-1 
Space  Program,  has  responsibilities  which  include 
a  broad  spectrum  of  engineering  technology.  To 
these  have  been  added  tasks  in  ADVANCE  EN- 

GINEERING and  PRODUCT  IMPROVEMENT. 

The  scope  of  this  undertaking  offers  excep- 
tional opportunities  for  ENGINEERS  and  SCIEN- 
TISTS who  enjoy  fulfilling  intensive  assignments 

where  individual  creativity  is  encouraged. 

CHRYSLER 

with  a  future  .  .  . 

Consider  these  added  values  of  a  career  with 
CHRYSLER  Corporation  SPACE  Division: 

•  Association  with  top  technical  minds. 
•  Excellent  career  advancement  potential. 
•  University  facilities  for  advanced  study. 

•  Pleasant  living  in  3  choice  Southern  locations. 

If  you  have  engineering  experience  in  re- 
search, preliminary  design,  test  or  development 

in  the  areas  of  AERO  and  ASTRONAUTICS, 
ELECTRONICS.  SYSTEMS.  LIQUID  PROPULSION. 
STRUCTURES,  or  ANALOG  and  DIGITAL 

COMPUTATION,  send  your  resume  in  confi- 
dence to  Personnel  Department,  P.O.  Box  26018, 

New  Orleans  26,  La. 

CORPORATION SPACE 
DIVISION 

CAPE   CAN  AVE  RAL,  FLA.         HUNTSVILLE,  ALA. 

An  Equal  Opportunity  Employer 

NEW    ORLEANS,  LA. 
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ARNOUX'S  SERIES  TDS  300- 
PROVEN 

RELIABILITY  IN 

TELEMETRY 

DECOMMUTATORS 

a  Arnoux's  PAM,  PDM,  PAM/NRZ  Series 
TDS  300  decommutator  offers  improved  re- 

liability, improved  packaging  design,  and 
greater  operating  ease  through  less-critical 
adjustments.  Arnoux  decoms  are  widely  used 
and  known  around  the  world.  Arnoux's  telem- 

etry instrumentation  and  components  are 
backed  by  an  established,  solid  reputation  of 
leadership  in  decommutation-equipment  de- 

sign and  manufacture.  ■  The  TDS  300  fea- 
tures an  input  of  from  0.5  to  60  v  peak-to- 

peak  .  . .  switch-selected,  standard  I  RIG  pulse 
rates;  optional  nonstandard  PAM,  PDM, 
PAM/NRZ  pulse  rates  from  5  to  3600  pps  . . . 
automatic  compensation  for  commutation- 
rate  change  of  up  to  40  percent;  manual 
compensation  up  to  80  percent . . .  unaffected 
by  SCO  dc-level  shift  and  discriminator-fre- 

quency zero  shift  without  use  of  servo  (within 
limits  of  discriminator  pass  band)  . .  .  output- 
signal  slope-off  of  0.00005  percent/msec  of 
frame  (for  5  to  3600  pps)  .  .  .  accessory 
electronic  gain  and  zero  servo  provides  es- 

sentially drift-free  operation.  Shown  below: 
an  Arnoux,  completely-assembled,  17-rack, 
telemetry  data-acquisition  station  at  a  major 
installation.  Five  TDS  300's  are  included,  as 
well  as  receivers,  discriminators,  tape  record- 

ers, pen  recorders,  galvanometers,  and  test 
equipment. 
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ARNOUX  CORPORATION 
(a  subsidiary  of  The  Electrada  Corporation) 

ARNOUX  11244  Playa  Street,  Culver  City,  California 
Circle  No.  11  on  Subscriber  Service  Cord 

to  this  problem  seems  to  be  to  allow 
the  processing  system  to  select  its  own 
encodings,  dynamically,  as  the  circum- 

stances require,  with  a  capability  to 
transmit  descriptions  of  the  encodings 
prior  to  their  use  in  actual  data  re- 

porting." 

Outlining  the  many  technological 
(due  to  the  23  light-minute  round-trip 
time  delay)  and  economical  problems 
in  developing  systems  able  to  respond 
to  new  real-time  data  collection  possibil- 

ities on  Mars,  Steel  suggests  that  "in- clusion of  sufficient  circuitry  to  accept 
complicated  modifications  in  real-time 
for  the  instrument  program  is  not  a 

satisfactory  solution  to  the  problem." The  best  known  way  of  achieving  a 
profitable  compromise,  he  points  out, 
is  with  an  on-board  computer  contain- 

ing a  highly  flexible  program. 
•  Four  demands — Steel  breaks  down 

the  information-processing  requirements 
of  a  probe  into  four  general  areas:  1) 
guidance,  2)  data  reduction,  3)  de- 

cision-making, and  4)  message-han- 
dling. 

For  guidance,  precision  dictates  a 
reasonably  long  word  length — about  48 
bits — to  eliminate  or  at  least  reduce 
multiple-precision  calculations.  A  study 
of  this  would  be  valuable,  he  asserts, 
due  to  the  expanse  of  world-length  in 
terms  of  circuitry. 

Data  reduction  requires  nothing 
over  and  above  the  guidance  demands. 
High-capacity  serial  storage  is  needed. 
Already  available  miniature  magnetic 
tape  systems  are  adequate.  There  is  no 
requirement  for  ultra-high-speed  data 
rates  and  very  rapid  start-stop  accelera- tion. 

The  decision-making  and  message- 
handling  aspects  of  the  system  require 
bit  and  byte  arithmetic  and  a  full  com- 

plex of  logical  instructions.  The  pro- 
graming of  decision-making,  according 

to  Steel,  calls  for  the  logical  capability 
of  an  associative  store,  but  the  absence 
of  the  need  for  high  speed  suggests 
that  a  programed  associative  store  will 
do. 

The  cost  in  mass  of  adding  a  hard- 
ware capability  for  associative  storage 

is  not  necessary.  'The  kind  of  decision- making envisioned  is  the  type  currently 
being  studied  in  investigations  of  heu- 

ristic programing.  What  is  needed  is  an 
adaptive  system  that  is  able  to  adjust 
to  variations  in  the  environment.  Pur- 

suance of  a  study  into  the  nature  of 
such  a  program  might  well  be  more 
fruitful  than  some  of  the  current  inves- 

tigations into  heuristic  programing." In  addition  to  byte  arithmetic,  table 
lookup  instructions  are  vital  for  mes- 

sage handling,  or  message  composition, 
according  to  Steel.  Considerable  care,  he 
notes,  must  be  used  in  designing  instruc- 

tions so  that  random-access  storage  re- 
quirements are  not  too  high.  H 
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INSTALLATION  of  first  operational  Titan  II  ICBM  in  its  155- 
ft.-deep  silo  at  Davis-Monthan  AFB.  The  missile  is  lowered  onto 
its  blast  ring  in  two  stages. 

RELAY  SPACECRAFT  quadrant  (see  p.  13)  contains  4080-mc 
beacon,  command  control  box,  telemetry  encoder,  detector  and 
traveling-wave-tube  power  supplies. 

News  in 

Pictures 

5-55  MICROMETEOROID  satellite 
readied  for  acceleration  tests  preparatory 
to  an  actual  launch  by  Scout  booster.  It 
is  equipped  with  five  types  of  detectors  to 
study  impact  of  high-velocity  particles  in 
space  (see  p.  13). 

LANCE,  Army  division-support  weapon  being  developed  by  Chance  V ought,  shown 
mounted  on  a  fully  tracked  armored  vehicle.  Its  erector-launcher,  also  shown,  is  air- 
transportable,  making  the  missile  highly  mobile. 

RYAN'S  FIREBEE  jet  target  drone  recently  marked  its  400th  flight  for  a  ground-to- 
air  firing  mission,  at  White  Sands  Missile  Range,  N.M.  More  than  200  flights  have 
been  made  within  the  past  year,  indicating  accelerated  use  of  Firebee  by  the  Army. 



CONTROL  SYSTEMS 

ANALYSTS  FOR  DEEP 

SPACE  SYSTEMS 

STUDIES 

Important  opportunities  now  exist 
at  Hughes  for  specialists  in  many  di- 

verse areas  ranging  from  complex 
precision  systems  of  established 
types  to  studies  on  systems  which 
will  be  based  on  entirely  new  con- 
cepts. 
Work  will  cover  preliminary  design 

studies,  analysis  of  systems  require- 
ments, performance  trade  off  deci- 

sions and  configuration  planning. 
Activities  will  include  servo  anal- 

yses, computer  simulations,  error 
analyses,  parametric  studies  and 
similar  functions. 
Three  to  fifteen  years'  experience in  the  same  or  allied  field  is  desir- 

able. Advanced  degree  from  an  ac- 
credited university  is  preferred. 

For  immediate  consideration, 
please  airmail  your  resume  to: 
MR.  ROBERT  A.  MARTIN 
Head  of  Employment 
Hughes  Aerospace  Divisions 
11940  W.  Jefferson  Blvd. 
Culver  City  47,  California 

Creating  a  new  world  with  Electronics 

HUGHES 

AEROSPACE  DIVISIONS 
An  equal  opportunity  employer. 
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Swedish-bought  Seacat 

Has  Dutch  Fire  Controls 

SEACAT  ROUND  in  flight  during  acceptance  trials  on  board  HMS  Decoy. 

SHORT  BROTHERS  &  Harland 
Ltd.,  of  Belfast,  Northern  Ireland, 
scored  another  first  in  export  sales  of 
missile  hardware  recently  when  the 
Swedish  ship  Sodermanland  fired  its 
first  Seacat  antiaircraft  missile. 

The  Netherlands  firm  Signaalappar- 
aten  provided  the  fire  control  equip- 

ment, marking  the  first  occasion  in 
which  a  British  naval  missile  system 
has  been  integrated  with  foreign-made 
subsystems. 

Seacat  is  one  of  Britain's  successful 
programs,  having  progressed  from  draw- 

ing board  to  operational  service  aboard 
three  British  Royal  Navy  warships  in 
less  than  five  years. 

The  missile  underwent  an  intensive 
twelve-month  firing  program,  culminat- 

ing last  August,  from  HMS  Decoy  at 
the  Ministry  of  Aviation's  guided  mis- sile range  at  Aberporth,  Wales. 

Six  Royal  Navy  warships — the  Agin- 
court,  Aisne,  Corunna,  Barrosa,  Devon- 

shire and  Hampshire — are  now  fitted  with 
Seacat.  Three  of  these  have  operational 
Seacat  systems  aboard,  but  only  one — 
the  Devonshire — has  been  publicly  iden- 

tified as  being  in  this  category. 
In  the  fire  control  subsystem  man- 

ufactured by  Signaalapparaten  for  the 
Swedish  adaptation  of  the  Seacat  sys- 

tem, a  man  in  an  open  turret  controls  a 
joystick  to  operate  the  Visual  Director. 

When  the  Seacat  is  fired,  it  flies  into 

the  field  of  vision  of  the  aimer's  binoc- ulars. He  commands  it  by  means  of  a 
radio  link  that  transmits  to  the  missile 
demands  initiated  by  use  of  the  joystick. 

Once  described  as  a  system  for 
use  in  a  "chips  down"  situation  (M/R, 
June  5,  1961,  p.  19),  Seacat  has  been 
given  a  mission  of  close-range  defense 
when  hostile  aircraft  have  penetrated  a 
naval  unit's  outer  defenses. 

The  most  successful  British  missile 
marketed  abroad,  it  is  on  order  by  West 
Germany,  Australia  and  New  Zealand, 
as  well  as  Sweden. 

Last  year,  Focke  Wulf  G.m.b.H. 
and  Short  Brothers  entered  into  an 

agreement,  reportedly  worth  $85  mil- 
lion, which  designated  the  German  firm 

as  local  servicing  agent  for  warships 
fitted  with  Seacat. 

Signaalapparaten  thus  has  become 
the  second  well-known  Common  Market 
nation  company  to  participate  in  the 
export  sales  program  of  this  missile 

system. The  Seacat  is  58  in.  long  and  IVi 
in.  in  diameter.  It  employs  infrared 
scanning  and  radio  command  guidance, 
and  both  its  booster  and  sustainer  are 
solid-propelled. 

Its  quadruple  launcher  is  manufac- 
tured by  Rose  Brothers  Ltd.  8 
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The  Industry  Week 

Management-Labor  Developments 
Boeing  Co.  employees  have  endorsed  estab- 

lishment of  a  union  shop  by  a  vote  of  21,879  to 
7752,  in  marked  contrast  to  similar  polls  in 
which  personnel  of  General  Dynamics,  Ryan 
Aeronautical  and  North  American  Aviation  re- 

jected compulsory  union  membership  or  pay- 
ment of  union  dues. 

Though  the  earlier  votes  at  GD,  Ryan  and 
NAA  were  binding  upon  all  parties,  the  Boeing 
tally  is  termed  "only  advisory"  to  the  National Labor  Relations  Board. 

After  the  Boeing  results  were  announced,  a 
company  statement  urged  the  President's  Aero- 

space Board  not  to  consider  the  vote  a  true  re- 
flection of  employee  views.  It  charged  the  union 

with  distortion  of  the  purpose  of  the  poll  through 
"such  extremes  as  indicating  that  every  em- 

ployee would  receive  an  increase  of  $500  a  year 
if  he  voted  for  the  union  shop."  .  .  .  Meanwhile, 
Lockheed  and  the  International  Assn.  of  Ma- 

chinists resumed  contract  negotiations  at  the 
request  of  federal  mediators,  though  both  the 
company  and  the  union  termed  the  deadlock 
"insoluble."  ...  In  another  development,  the  Air 
Force  announced  a  decline  in  labor  stoppages 
at  AF  ballistic  missile  bases.  Only  33  man-days 
were  lost  in  October,  contrasted  to  324  in  Sep- 

tember. The  steady  decline  is  partly  attributed 
to  recent  briefings  of  union  officials  by  top  offi- 

cers of  the  Systems  Division. 

Industry  Facilities 

Aerojet-General  Corp.  is  building  a  multi- 
million-dollar solid-fuel  rocket  facility  as  the 

first  installation  on  a  75,000-acre  waterside  site 
south  of  Miami.  To  be  built  completely  with  com- 

pany funds,  the  installation  is  expected  to  be 
operational  by  spring  of  1964.  The  facility  will 
do  work  that  cannot  now  be  done  at  other  A-G 
plants  and  will  not  take  work  away  from  any 
other  A-G  installations.  .  .  .  Deutsch  Co.,  pro- 

ducer of  electronic  and  hydraulic  components  for 
missile/ space  applications,  will  build  a  $300,000 
facility  on  a  leased  site  at  Los  Angeles  Inter- 

national Airport.  A  "buy-back"  provision  in  the 
lease  gives  airport  authorities  option  to  pur- 

chase the  facility  at  close  of  the  lease  period, 
and  requires  the  installation  to  revert  to  airport 
ownership  after  20  years.  ...  A  30-acre  site  ad- 

jacent to  General  Dynamics/ Astronautics  facili- 
ties in  Kearny  Mesa  Industrial  Park,  San  Diego, 

Calif.,  accommodates  a  new  160,000-ft.  plant  of 
Ryan  Aeronautical  Co.  The  plant,  to  be  opera- 

tional early  in  1963,  was  acquired  by  Ryan  from 
Associated  Construction  Corp.,  which  originally 
constructed  it  for  lease  to  Lionel  Pacific  Corp. 
This  area  will  bring  Ryan's  total  manufacturing, 
enginering  and  administration  space  at  four 
locations  to  1,850,000  sq.  ft.  .  .  .  Giannini  Con- 

trols Corp.  will  house  its  Transducer  Div.  in  a 
modern  5Jf,000-sq.-ft.  plant  adjacent  to  corporate 
headquarters  in  Duarte,  Calif.  To  be  ready  by 
next  June,  the  facility  will  provide  a  30%  in- 

crease in  working  floor  space,  as  well  as  ample 
property — 1^.6  acres — for  future  expansion.  This 
move,  part  of  a  geographic  centralization  pro- 

gram, is  expected  to  shorten  the  program  by  a 
full  year,  compared  to  Giannini's  original  sched- 

ule. The  firm's  Transducer  Div.  is  now  located  in 
Pasadena,  Calif.  .  .  .  Wyle  Laboratories  has  leased 
a  building  adjacent  to  its  El  Segundo,  Calif., 
facility,  adding  12,000  sq.  ft.  to  its  assembly 
area.  Main  function  of  the  addition  is  to  handle 
expanded  production  of  electronic  power-aging 
equipment.  .  .  .  Gertsch  Products,  Inc.,  Los  An- 

geles precision  electronic  instrument  manufac- 
turer, has  expanded  its  manufacturing  and 

engineering  space  by  one-third  in  leasing  ad- 
joining plant  facilities.  .  .  .  Arco  Electronics, 

Inc.,  specialized  distributor  of  electronic  prod- 
ucts, will  move  its  Dallas  plant  and  offices  into 

a  new  building  next  February,  more  than  dou- 
bling the  size  of  its  southwestern  regional  head- 

quarters. Arco's  main  office  is  in  Great  Neck, 
N.Y.  .  .  .  Baldwin-Lima-Hamilton  Corp.'s  Stand- 

ard Steel  Div.  has  expanded  production  and 
quality  coyitrol  capabilities  for  superaUoy  forg- 
ings  by  incorporating  new  and  modernized  shop 
facilities.  Representing  an  investment  of  more 
than  $750,000,  facilities  include  a  giant  JfO-ton 
forging  manipulator,  new  bottom  program-con- 

trol furnaces  and  six  existing  furnaces  com- 
pletely converted  to  gas  I oil  firing  u>ith  automatic 

program  control. 

Mergers  &  Reorganizations 

General  Control  Co.'s  operations  will  be 
merged  with  International  Telephone  and  Tele- 

graph Corp.'s  U.S.  Commercial  Group  early  in 
1963.  Two  years  of  negotiations  were  required 
to  bring  about  the  merger.  General  Controls  will 
continue  to  operate  autonomously  in  all  its  loca- 

tions, and  the  family  team  of  William,  Alvin, 
John  and  Richard  Ray  will  continue  to  administer 
operations.  .  .  .  Angelas  Industries,  Inc.,  has  paid 
about  $1  million  in  cash  to  acquire  the  Bellwood 
Div.  of  Packard  Bell  Electronics  at  Orange,  Calif. 
.  .  .  Babcock  Electronics  Corp.  has  changed  the 
name  of  its  Military  Products  Div.,  Costa  Mesa, 
Calif.,  to  Aerospace  Div.,  to  describe  more  accu- 

rately the  unit's  functions.  .  .  .  General  Electric 
has  consolidated  a  major  part  of  its  aerospace 
and  defense  field  service  to  form  a  new  Aerospace 
<&  Defense  Service  Engineering  Dept.  under  its 

Defense  Programs  Operation.  .  .  .  Avco  Corp.'s Aerospace  Structures  Div.,  Nashville,  Tenn.,  has 
set  up  a  new  Engineering  and  Development 
Dept.,  which  will  work  on  reinforced  plastic 
rocket  chambers  and  nozzles. 
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Let's  Compare  Bellows  Performance 

BEFORE 

and 

AFTER 

c 

Welded  Diaphragm  Metal  Bellows 

In  a  recent  performance  comparison  test  conducted  in  cooper- 
ation with  a  leading  recording  instrument  manufacturer  the  dramatic 

"Before"  and  "After"  results  showed: 

Before:  The  hydroformed  bellows  deflection  with  stroke  was  non- 
linear by  as  much  as  3V2%. 

After:  A  welded  diaphragm  metal  bellows  designed  by  Metal  Bel- 
lows Corporation  operating  over  exactly  the  same  controlled  pressure 

range  had  a  linearity  of  0.4%  or  approximately  a  900%  improvement. 

Of  course  the  improved  linearity  curve  resulted  in  significantly 
better  bellows  output  as  well  as  important  added  bellows  life. 

Bellows  for  Bellows  you  can't  find  better  performance  than  you 
get  from  Welded  Diaphragm  Metal  Bellows! 

Ask  the  Metal  Bellows  Corporation  man  for  all  the  performance 
facts. 

Welded  diaphragm  metal  bellows  now  available in  sizes  as  small  as  0.25  inches  OD. 
East  and  West  coast  plants  automatically  qual- 

ify as  second  sources  assuring  uninterrupted supply. 

103  MICA  LANE,  WELLESLEY  HILLS  82,  MASSACHUSETTS  •  Pacific  Division  •  20979 Knapp  St.,  Chatsworth  (LA.)  California 
40  Circle  No.  8  on  Subscriber  Service  Card 



contracts  and 
procurements 

AWARDS 

AIR  FORCE 
$14,000,000— Thiokol  Chemical  Corp.,  Bristol,  Pa., 

for  Minuteman  Stage  I  solid  rocket  motors, 
spare  parts  and  ground  support  equipment 
(supplemental  contract). 

$10,000,000 — Sperry  Rand  Corp.,  New  York  City, 
for  instrumentation  of  C-4  tracking  vessels  for 
the  Atlantic  Missile  Range. 

$9,000,000 — International  Telephone  and  Telegraph 
Corp.,  New  York  City,  for  work  on  electronics 
equipment.  Work  to  be  done  at  Paramus,  N.J. 

$9,000,000 — Aerojet-General  Corp.,  Azusa,  Calif., for  Minuteman  solid  rocket  motors. 
$5,500,000— Martin  Marietta  Corp.,  New  York 

City,  for  research  and  development  work  on 
a  vehicle  for  a  space  program.  Work  to  be 
done  at  Baltimore,  Md. 

$5,000,000— Hughes  Aircraft  Co.,  Culver  City, 
Calif.,  for  procurement  of  long  lead  time  items 
for  Falcon  missile.  Work  to  be  done  at  Tuc- 

son, Ariz. 
$4,000,000— Martin  Marietta  Corp.,  New  York 

City,  for  research  and  development  on  a  space 
program  (supplemental  contract). 

$3,500,000 — Collins  Radio  Co.,  Dallas,  Tex.,  for antennas  for  use  at  Atlas  and  Titan  missile 
sites  throughout  the  United  States. 

$3,000,000— Haliicrafters  Corp.,  Chicago,  111.,  for work  on  a  classified  Air  Force  project. 
$2,300,000— Hughes  Aircraft  Co.,  Culver  City, 

Calif.,  for  work  on  Falcon  missile  fire  con- 
trol systems. 

$1,798,766 — Douglas  Aircraft  Co.,  Inc.,  Santa 
Monica,  Calif.,  for  modification  and  provision 
of  launch  services  for  the  Thor  missile  (sup- 

plemental contract) . 
$1,600,000 — Radio  Corp.  of  America,  New  York 

City,  for  work  on  the  Ballistic  Missile  Early 
Warning  System.  Work  to  be  done  at  Moores- town,  N.J. 

$1,500,000 — Avco  Corp.,  Wilmington,  Mass.,  for additional  research  and  development  on  nose 
cones. 

$1,265,000— Hazeltine  Corp.,  Little  Neck,  N.Y., 
for  kits  and  spare  parts  for  electronic  train- 

ing equipment. 
$1,234,850 — American  Bosch  Anna  Corp.,  Garden 

City,  N.Y.,  for  installation  and  checkout  of 
Atlas  missile  guidance  systems. 

$1,102,313 — North  American  Aviation,  Inc.,  Los 
Angeles,  for  production  of  spare  parts  for 
Minuteman  guidance  and  control  systems. 
Work  to  be  done  at  Downey,  Calif. 

ARMY 
$20,756,820— Sperry  Utah  Co.,  Salt  Lake  City, 

for  production  of  the  Sergeant  missile  system. 
$19,180,625 — Paul  Hardeman,  Inc.,  Stanton,  Calif., 

in  joint  venture  with  the  C.  H.  Leavell  Co. 
as  sponsor  and  Morrison-Knudsen,  Inc.,  for 
construction  of  Phase  3  of  the  NASA  program 
at  the  Manned  Spacecraft  Center  at  Houston, 
Tex. 

$10,000,000— Western  Electric  Co.,  New  York 
City,  for  Nike-Hercules  missile  equipment. 
Work  to  be  done  at  Burlington,  N.C.,  and 
Springfield,  Ohio. 

$4,936,416 — General  Precision,  Inc.'s  Kearfott 
Div.,  Little  Falls,  N.J.,  for  additional  produc- tion quantities  of  hydraulic  actuation  systems 
for  the  Pershing  missile  (2  contracts). 

$3,600,000 — Aerojet-General  Corp.'s  Aetron  Div., Covina,  Calif.,  for  expansion  of  rocket  test 
facilities  at  the  Marshall  Space  Flight  Center 
at  Huntsville,  Ala. 

$3,161,098 — General  Precision,  Inc.'s  Kearfott Div.,  Little  Falls,  N.J.,  for  production  of  items 
for  the  Pershing  ballistic  missile.  Work  to  be 
done  at  Clifton,  N.J. 

$2,470,966 — Sperry  Rand  Corp.'s,  Sperry  Utah Div.,  Salt  Lake  City,  Utah,  for  the  production 
of  nine  Sergeant  missiles  general  support  shop 
sets. 

$2,162,000 — Radio  Corp.  of  America,  Camden, 
N.J.,  for  continued  research  and  devolpment 
on  multi-purpose  test  equipment. 

$2,000,000 — Radio  Corp.  of  America's  Defense Electronics  Products  Div.,  Camden,  N.J.,  for 
further  development  of  multi-system  test 
equipment  for  automatic  testing  of  many 
Army  missile  systems. 

$2,000,000— Ford  Motor  Co.'s  Aeronutronic  Div., 
Newport  Beach,  Calif.,  for  continued  develop- ment of  the  Shillelagh  missile  system. 

$771,720 — Bendix  Corp.,  Red  Bank  Div.,  Eaton- 
ville,  N.J.,  for  components  for  the  Pershing 
missile  system. 

$53,932— Crocker  Co.,  Inc.,  Burlington,  Mass.,  for 
providing  components  for  the  Pershing  missile 
system. 

Leach  Corp.,  Compton,  Calif.,  for  command  re- ceivers for  the  ARPAT  ballistic  missile  defense 
system  (undisclosed  amount). 

Kaiser  Engineers,  Washington,  D.C.,  for  con- 
ceptual studies,  preliminary  design  and  detail 

of  the  integrated  mission  control  center  at 
NASA's  Manned  Spacecraft  Center,  Houston, Tex.  (undisclosed  amount). 

NAVY 

$4,583,000 — Sperry  Gyroscope  Co.,  Great  Neck, 
N.Y.,  for  engineering  services  on  Terrier  and 
Talos  missile  fire  control  equipment. 

$1,689,500 — Bell  Aerospace  Corp.,  Buffalo,  N.Y., 
for  supersonic  targets.  Work  to  be  done  at 
Paris,  France  and  Pt.  Mugu,  Calif. 

$1,169,009 — Whaley  and  Minter  Construction  Co., 
Inc.,  Brunswick,  Ga.,  for  construction  of  a 
Type  I  missile  magazine  at  the  Naval  Am- munition Depot  at  Charleston,  S.C. 

$520,000— United  ElectroDynamics,  Inc.'s  United AeroSpace  Div.,  Los  Angeles,  for  transistorized 
airborne  telemetry  systems  for  target  drones. 

NASA 

$1,240,000— Alco  Products,  Inc.,  New  York  City, 
for  13  diesel  engine  pumping  units  to  be  used 
at  the  George  C.  Marshall  Space  Flight  Test 
Center,  Huntsville,  Ala. 

INDUSTRY 
$1,600,000 — Talley  Industries,  Inc.,  Mesa,  Ariz., 

from  Boeing  Co.,  for  additional  solid  propel- lant  ballistic  actuators  for  Minuteman  missile 
silos. 

$1,500,000 — Talley  Industries,  Inc.,  Mesa,  Ariz., 
from  Boeing  Co.,  for  ground  support  equip- 

ment for  the  Minuteman  system. 
$  1 ,000,000 — Fairchild  Semiconductor,  Mountain 

View,  Calif.,  from  Boeing  Co.,  for  transistors 
for  the  Minuteman  program. 

$1,000,000— The  Electric  Autolite  Co's  C&D  Bat- teries Div.,  Conshohocken,  Pa.,  from  Boeing 
Co.,  for  batteries  for  the  Minuteman  system. 

$1,000,000— Western  Gear  Corp.,  Everett,  Wash., 
from  Boeing  Co.,  for  spring  can  containers  for 
the  Minuteman  missile  system. 

Texas  Instruments,  Inc.,  Dallas,  Tex.,  from  North 
American  Aviation,  for  solid  circuit  semicon- 

ductor networks  for  use  in  the  Minuteman 
program  (undisclosed  amount). 

Simmonds  Precision  Products,  Inc.,  Tarrytown, 
N.Y.,  from  Beech  Aircraft,  for  development, 
manufacture  of  the  quantitive  instrumentation 
systems  which  will  be  used  to  measure  super- critical fluids  aboard  the  Apollo  spacecraft 
(undisclosed  amount). 

Edgerton,  Germeshausen  &  Grier,  Inc.,  Boston, 
Mass.,  from  the  Applied  Physics  Laboratory 
of  Johns  Hopkins  University,  for  production 
of  a  flashing  light  source  for  the  Navy's  All- Weather  Navigation  Satellites  (undisclosed amount). 

Westinghouse  Corp.'s  Molecular  Electronics  Div., 
Baltimore,  Md.,  from  North  American  Avia- 

tion's Autonetics  Div.,  for  microminiaturized 
integrated  electronic  circuits  for  use  in  the 
improved  Minuteman  program  (undisclosed amount) . 

RMS  Associates,  Inc.,  Mount  Vernon,  N.Y.,  from 
Grumman  Aircraft  Engineering  Corp.,  for  de- 

sign and  fabrication  of  Stellar  Television  Mon- 
itor Equipment  (STME)  for  the  Orbiting  As- tronomical Obser\>atory  (undisclosed  amount). 

REQUESTS  FOR  BIDS 

GENERAL  PROCUREMENTS 
Director — Atlantic  Div. 
Bureau  of  Yards  and  Docks 
U.S.  Naval  Training  Station Norfolk,  Va. 
Polaris  training  building  (third  increment). 

Fleet  anti-air  warfare  training  center,  Dam  Neck, 
Virginia  Beach,  Va.  Job — IFB  NBY  46669.  Bid 
opening  12-28-62. 

National  Aeronautics  and  Space  Administration 
Lewis  Research  Center 
21000  Brookpark  Road 
Cleveland  35,  Ohio 
Negotiations  will  be  conducted  with  Donner 

Div.,  Systron  Donner  Corp.,  Concord,  Calif.,  for 
accelerometers — 14  each.  RFP  C-79702.  Note:  For 
information  only,  RFP  not  available. 

Hercules  Project  Office 
U.S.  Army  Missile  Command Redstone  Arsenal,  Ala. 
The  U.S.  Army  Missile  Command  proposes  to 

procure  from  Microwave  Tube  Div.  of  Hughes 
Aircraft  Co.,  Los  Angeles,  Calif.,  overhaul  of 
backward  wave  oscillators  for  the  Nike-Hercules 
missile  system.  All  inquiries  relative  to  this  pro- curement for  subcontracting  possibilities  are  to 
be  directed  to  the  Microwave  Tube  Div.,  P.O. 
Box  90427,  Los  Angeles  45,  Calif. 

Procurement  and  Production 
Base  Procurement  Div. 
L.  G.  Hanscom  Field 
Bedford,  Mass. 
Probe,  langmuir  type,  for  the  measurement  of 

electron  density  at  high  altitudes  of  a  disturbed 
ionosphere — 2  each.  Request  for  Proposal,  Purch. 
Request  No.  CRL-0997.  Single  source  to  be 
negotiated  with  Geophysics  Corp.  of  America, 
Bedford,  Mass.  Note:  For  information  puropses 
only.  RFP  not  available. 

Procurement  Office 
White  Sands  Missile  Range,  N.M. 
Magnetic  tape  recorder/reproducer.  Delivery 

to  White  Sands  Missile  Range,  N.M. — 2  each. 
IFM  AMC(R)-29-040-63-36B.  Bid  opening  1-10-63. 
Bid  sets  available  through  12-27-62  unless  sooner exhausted. 

U.S.  Navy  Dept. 
Bureau  of  Ships 
Washington  25,  D.C. 
The  Bureau  of  Ships  under  RFP  SP24-1101-1(S) is  soliciting  a  proposal  from  Sperry  Gyroscope 

Co.,  Marine  Div.,  Syosset,  L.I.,  N.Y.,  for  the 
manufacture  of  supporting  test  equipment  for 
inertial  navigation  systems  and  subsystems.  This 
firm  has  previously  performed  work  on  this 
project  and  has  the  data  and  knowledge  to  per- 

form the  work  and  to  meet  the  military  re- 
quirements of  this  procurement.  It  is  suggested 

that  small  business  firms  and  others  interested  in 
subcontracting  opportunities  in  connection  with 
this  procurement  make  direct  contact  with  the 
above  firm. 

U.S.  Army  Missile  Command Redstone  Arsenal,  Ala. 
The  Nike-Zeus  project  office,  Army  Materiel 

Command,  through  the  New  York  Procurement 
Dist.,  proposes  to  award  a  contract  supplement 
to  Western  Electric  Co.  for  continuation  for  pro- viding and  firing  probes  to  support  operation 
"Fishbowl".  The  proposed  date  for  contract  award 
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is  1-5-63.  Competitive  solicitation  is  precluded 
because  of  the  continuing  nature  of  the  develop- 

ment effort.  This  synopsis  is  to  publicize  possible 
subcontracting  opportunities.  All  inquiries  relative 
to  subcontracting  must  be  directed  to  Western 
Electric  Co.,  222  Broadway,  New  York  38,  N.Y. 

Procurement  Office 
White  Sands  Missile  Range,  N.M. 
Pre-amplifiers,  wide  band  type,  1-2  KMC — 2 

each;  2-4  KMC— 2  each;  4-8  KMC— 2  each;  8-12 
KMC — 2  each.  Delivery  to  White  Sands  Missile 
Range,  N.M.  IFB  AMC(R)-29-040-63-35B.  Bid 
opening  1-11-63.  Bid  sets  available  through  12-28-62 unless  sooner  exhausted. 

Immediate  openings  exist  for 

specialists  experienced  in 

DESIGN  ASSURANCE 

and  RELIABILITY 

Specialists,  including  top-level  supervisory  and  individual 
contributors  at  all  levels  of  professional  and  academic 

achievement,  are  needed  for  activities  in  Reliability  Control 
Engineering,  Engineering  Parts  Control,  Project  Reliability 

Groups  and  Project  Design  Review  Groups. 

Tasks  involve  TECHNIQUE  DEVELOPMENT  in  the  following: 

SYSTEMS: 
User-Operations  Analysis,  Reliable  System  Design,  Cost- Effective- 

ness Evaluation,  Man-Machine  Analysis. 

COMPONENTS: 
Reliable  Hardware  Design,  Hardware  Analytic  Evaluation,  Compo- 

nent Test  and  Evaluation,  Parts  and  Materials  Selection,  Specifica- 
tion Criteria,  Supplier  Evaluation. 

DISCIPLINES: 
Reliability  and  Maintainability,  Human  Factors,  System  Safety,  Value 
Engineering,  Mathematics  and  Statistics. 

MANAGEMENT  METHODS: 
Design  Review,  Task  Progress  Control,  Organization  and  Work  Flow. 

All  positions  require  minimum  of  a  BS  degree;  quality  control  experience  is 
not  applicable.  To  obtain  full  information  concerning  these  and  related  oppor- 

tunities, or  to  arrange  an  early  interview  in  your  area,  write  in  confidence  to Mr.  R.  M.  Smith,  Chief  of  Professional  Placement  and  Personnel,  Mail  Zone 
130-90.  General  Dynamics  |  Astronautics,  5792  Kearny  Villa  Road,  San  Diego  12, California.  .„  „„.,  „„„.,„„,-»  ,„,,.,„ 

■NERAL  DYNAMICS 
ASTRONAUTICS 

Officer  in  Charge 
Navy  Purchasing  Office 929  S.  Broadway 
P.O.  Box  5090 
Metropolitan  Station 
Los  Angeles  55,  Calif. 
Selected  source  procurement  with  Rocket  Re- 

search Corp.,  Seattle,  Wash.,  to  conduct  experi- 
mental investigation  into  the  combustion  char- acteristics of  a  new  concept  in  hybrid  rocket 

propulsions.  Proposed  procurement  involves  pro- prietary data  and  equipment,  available  from  no other  source.  Services  for  Naval  Ordnance  Test 
Station,  China  Lake,  Calif.  This  procurement 
synopsized  for  information  puropses  only.  RFP 
not  available. 

U.S.  Army  Electronics  Materiel  Agency 
Ft.  Monmouth  Procurement  Office 
Ft.  Monmouth,  N.J. 
Award  is  being  made  to  Motorola,  Inc.,  Chi- 

cago, 111.,  to  continue  research  and  development 
work  in  the  field  of  data  transmission  investiga- tion. Contract  is  in  the  process  of  being  awarded; 
therefore,  no  other  offers  will  be  considered 

National  Aeronautics  and  Space  Administration 
Wallops  Island  Station Wallops  Island,  Va. 
500  KCS  magnetic  tape  recording  systems — 2 

each.  IFB  P-605.  Bid  opening  12-19-62 

Directorate 
Procurement  and  Production  (SAPOS  ) 
Kelly  AFB,  Tex. 
1730-859-5362  (P/N  1081-52-1)  link  assembly 

—18  each;  1730-859-5343  (P/N  106024-503)  mani- 
fold assembly— 22  each;  1730-859-5363  (P/N 

108152-2)  link  assembly— 17  each;  1730-859-5372 
(P/N  108066-3)  clevis — 49  each.  Applicable  mis- sile trailer  P/N  107242,  Model  6200.  Drawings 
and  specs  are  available.  Deliver  to  Transporta- 

tion Officer,  Kelly  AFB,  Tex.  IFB  41-608-63-338 
(B).  Bid  opening  12-31-62.  Direct  inquiries  to 
E.  A.  Nash,  WAlnut  3-5411,  Ext.  64156.  Kelly 
AFB,  Tex. 

National  Aeronautics  and  Space  Administration 
NASA  Flight  Research  Center P.O.  Box  273 
Edwards,  Calif. 
Voltage  controlled  oscillators.  Requests  for 

proposals  should  be  received  within  five  days 
after  publication  of  this  synopsis.  Request  for 
copies  of  RFP  will  be  on  first-received,  first- served  basis  to  the  extent  available.  Various 
quantities.  RFP  PR-1624.  RFP  due  date  1-4-63. 

Chief Bureau  of  Ships 
Department  of  the  Navy 
Washington  25,  D.C. 
The  Bureau  of  Ships  under  RFP  603-18186.3 (S)  is  soliciting  a  proposal  from  Vitro  Corp.  of 

America,  Silver  Spring,  Md.,  for  the  furnishing 
of  weapon  systems  engineering  services  for  vari- ous classes  of  guided  missile  ships.  This  is  ac- celeration of  work  which  this  firm  is  presently 
performing  for  the  Navy.  It  is  suggested  that small  business  firms  and  others  interested  in 
subcontracting  opportunities  in  connection  with 
this  procurement  make  direct  contact  with  the above  firm. 
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products  and  processes- 

New  Product  of  the  Week: 

An  electronic  crowbar  using  the 
needle-triggered  arc-gap  technique  pro- 

vides infinite  voltage  range  fault-current 
diversion  with  power  supplies  up  to 
230  Kv.  The  new  crowbar,  designated 
Model  108 A,  is  designed  and  manu- 

factured by  Radiation  at  Stanford,  a 
subsidiary  of  Radiation  Incorporated. 

Used  with  Radiation's  Model  101 A 
crowbar  logic  circuit,  the  108A  gap 
can  place  a  short  on  the  power  supply 
within  two  microseconds.  The  needle- 
trigger  design  permits  reliable  trigger- 

ing action  over  the  entire  operating 
voltage  range  of  the  system  without 
any  mechanical  adjustment  or  loss  in 
triggering  speed. 

A  multiple  fire  adapter  prevents  re- 
charging of  the  capacitor  bank  between 

initial  crowbar  firing  and  removal  of 
primary  power  supply.  The  adapter  re- 

lights the  arc  at  four  millisecond  inter- 
vals for  56  milliseconds.  The  unit 

stands  75  in.  high  and  is  designed  for 
floor  mounting.  Usual  installation  is  ad- 

jacent to  the  power  supply  being  pro- 

Electronic  Crowbar 

tected.  The  trigger  pulse  transformer 
furnished  with  the  gap  is  included  in 
the  basic  system  as  a  separate  item  for 
maximum  installation  flexibility. 

Circle  No.  225  on  Subscriber  Service  Card 

Waveguide  Stand 

A  rigid,  non-magnetic,  adjustable 
support  for  laboratory  microwave  sys- 

tems is  available  from  Orbitronics,  Inc. 
The  support  is  designed  to  facilitate 
rapid  alignment  of  system  components 
on  a  center-line.  Standard  support  and 
clamping  fixtures  afford  complete 
mounting  flexibility  in  horizontal  and 
vertical  planes,  while  eliminating  the 
usual  conglomerate  assortment  of  such 
mounting  devices  as  blocks,  jacks,  C- 
clamps,  rods,  movable  stands  and  spe- 

cial supporting  brackets. 
The  rigid  base  assembly  will  sup- 

port several  vertical  levels,  and  yet  is 
light  enough  to  permit  movement  of 
complete  sections  without  changing 
component  alignment. 

Circle  No.  226  on  Subscriber  Service  Card 

Wind  Vector  Indicator 
A  Wind  Vector  Indicator  marketed 

by  Flow  Corp.  is  a  single  instrument 
for  continuous  readout  and  recording 
of  the  instantaneous  magnitude  of  all 
three  components  of  wind  force:  North- 
South,  East-West,  and  up-down. 

The  Dynamic  Wind  Vector  Indi- 
cator uses  a  one-foot  sphere  as  a  trans- 

ducer. The  sphere  contains  a  three-com- 
ponent flexure  force  balance.  There  are 

no  external  moving  parts  and  all  the 
circuitry  is  solid  state.  Output  is  a  vari- 

able d-c  voltage  on  each  axis  suitable 
for  use  with  most  common  XY  record- 

ers or  computer  inputs.  Frequency  re- 
sponse of  the  system  is  12  cps. 

The  angular  range  is  360°  in  the 
horizontal  plane  and  ±60°  from  hori- 

zontal in  the  vertical  plane.  Gust  sensi- 
tivity is  less  than  1  ft.  at  15  knots,  less 

at  lower  velocities. 
Circle  No.  227  on  Subscriber  Service  Card 

Double-Ended  Blower 

Developed  by  Globe  Industries,  Inc., 
a  double-ended  d-c  blower  uses  the  new 
Globe  type  GRP  permanent-magnet 
motor  as  a  power  source  to  develop  110 
cfm  at  free  air  to  shut-off  at  3.1  in.  of 
water.  The  blower  is  designed  to  operate 
at  10,000  RPM  on  27.5v  d-c  with  a 
minimum  life  of  1,000  hrs.  at  55°C.  It 
is  qualified  to  standard  MIL  environ- 

mental specs. 
Circle  No.  228  on  Subscriber  Service  Card 

Automatic  Particle  Monitor 

Developed  by  Royco  Instruments, 
Inc.,  a  built-in,  controllable  air-dilution 
system  in  the  Royco  Model  202  Auto- 

matic Airborne-Particle  Monitor  enables 
atmosphere  monitoring  ranging  from 

the  cleanest  clean  room  to  the  most 

highly  contaminated  environments.  Air- dilution  facilities  are  variable  from  0 
through  50-to-l  dilution.  With  this  unit, 
particle  size  readings  can  be  pro- 

grammed over  any  desired  combination 
of  16  ranges  from  0.3  to  10.0  microns. 
The  instrument  measures  and  counts  all 

particles  larger  than  0.3  in  aerosol  con- 
centrations from  0  to  150  million  par- 

ticles per  cu.  ft. 
Circle  No.  229  on  Subscriber  Service  Card 

Ag-Zn  Battery 

A  remotely  activated  primary  silver- 
zinc  battery  Model  P163A  which  sup- 

plies highly  reliable  airborne  electrical 
power  for  range  safety  systems  of  space- vehicle  boosters  is  available  from  Power 
Sources  Div.  of  Telecomputing  Corp. 
The  battery  has  an  output  capability  of 
28v  at  15  amps  for  20  minutes.  Activa- 

tion time  is  15  seconds;  activated  stand 
life:  up  to  12  hours.  Special  cell  design 
permits  battery  to  maintain  a  maximum 
open-circuit  voltage  of  32v.  For  short 
durations,  unit  can  provide  pulse  cur- 

rents up  to  200  amps.  Electric  heaters 
for  low  temperature  operations  permit 
an  operating  temperature  range  of 
-35°F  to  160°F. 

Circle  No.  230  on  Subscriber  Service  Card 

PCM  System 

Dynaplex  Corp.  is  marketing  the 
type  700  PCM  (Pulse  Code  Modula- 

tion). The  all  solid  state  design  incor- 
porates silicon  semiconductors  through- 

out and  features  low  component  count 

for  increased  reliability  and  reduced 
weight,  size.  The  flexible  design  makes 
possible  the  sampling  of  high  level 
signals  varying  from  0  to  5  volts  and 
differential  low  level  signals  down  as 
low  as  5  millivolts  full  scale  in  combi- 

nation or  all  of  the  same  type.  For  units 
with  only  high  level  inputs,  the  sam- 

pling rate  may  be  specified  from  0  to 
50,000  samples/second.  For  units  with 
low  or  mixed  level  inputs,  the  rate  is 
limited  from  10  to  25,000  samples/ 
second. 

Circle  No.  231  on  Subscriber  Service  Card 
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Counter  Controller 

An  all-transistorized  100-kc  preset 
counter-controller  has  been  developed 

by  Computer  Measurement  Co.,  Divi- sion of  Pacific  Industries,  Inc. 
The  770C  Series  preset  counters  are 

designed  to  solve  such  control  problems 
as  motor  overspeed,  shearing  to  length, 
high-speed  coil  winding,  weighing,  sort- 

ing, batching,  function  programming 
and  timing  and  variable  pulse  generation. 

The  unit  is  a  direct-reading  solid- 
state  electronic  counter  providing  output 
information  in  the  form  of  pulses  and 
relay  closures  at  any  preselected  count 
within  the  capacity  of  the  unit.  Capable 
of  totalizing  and  recycling  at  rates  to 
100  kc,  the  instrument  accepts  input 
information  from  any  standard  trans- 

ducer, such  as  a  photocell,  tachometer, 
flow  and  pressure  pickups,  switch  clos- 

ures, etc. 
Circle  No.  232  on  Subscriber  Service  Card 

Time  Code  Translator 

An  all-transistorized  universal  time 
code  translator,  capable  of  translating 
any  serial  time  code  format  presently 
used  at  major  missile  ranges,  has  been 
introduced  by  Astrodata  Inc. 

The  Model  6220  translates  either 
AM  carrier  codes  or  d-c  level  codes 
to  parallel  binary-coded  decimal  form 
for  sampling  systems  and  visual  display 
(long-life,  wide-angle,  super  nixi  read- 

out). It  provides  parallel  inputs  to  a 
tape  search  and  control  unit,  both  of 
which  Astrodata  can  also  supply  for 
complete  universal  automatic  operation. 

Universal  operation  of  the  trans- 
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lator  is  achieved  through  circuitry  which 
permits  the  translation  of  any  serial 
format,  and  by  the  use  of  code  adaptor 
plug-ins  which  contain  only  the  cir- 

cuitry necessary  to  translate  a  particular 
code  or  family  of  codes. 

Circle  No.  233  on  Subscriber  Service  Card 

Steam  Generator 

A  compact,  high  response  steam 
generator  capable  of  producing  up  to 
350,000  lbs./hr.  has  been  developed  by 
The  Marquardt  Corp. 

Primary  application  for  the  steam 
generator  system  will  be  providing  driv- 

ing fluid  for  high-capacity,  intermittent- 
operating  ejector  systems  used  in  simu- 

lating altitude  conditions  for  a  broad 
range  of  aerospace  test  facilities,  includ- 

ing rocket  test  stands  and  wind  tunnels. 
The  system  also  has  applications  in 
various  processing  operations  requiring 
intermittent  vacuums. 

Circle  No.  234  on  Subscriber  Service  Card 

Ionization  Gauge 

A  compact,  low-cost  hot  filament 
ionization  gauge  for  measuring  vacuum 
from  10-3  to  2  x  10~9  mm  Hg.,  in 
both  industrial  and  laboratory  applica- 

tions is  available  from  the  Fredericks 
Co.  The  Model  3A  was  developed  to 
provide  the  high-vacuum  processor  with 
an  economical,  versatile  measuring  in- 

strument having  sufficient  range  to 
cover  most  industrial  and  laboratory 
requirements. 

Utilizing  a  Bayard-Alpert  gauge 
tube,  the  unit  guarantees  both  amplifier 
stability  and  emission  stability  to  be 
less  than  2%  over  a  24-hr.  period 
Other  characteristics  of  the  instrument 
include  linearity  of  output,  convenient 
resistance  degassing  voltage  stability, 
and  a  safety  circuit  designed  to  protect 
the  ionization  gauge  against  pressure 
rise. 

Circle  No.  235  on  Subscriber  Service  Card 

Microwave  Receiver 

A  microwave  receiver  is  being  mar- 
keted by  MELABS.  The  LO  function 

can  be  provided  by  widely  available 
laboratory  signal  generators  with  1-10 mw  output. 

LAB-CVR,  covering  the  frequency 
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range  from  500  mc  to  11  gc,  provides 
both  AM  and  FM  reception.  It  can  be 
used  for  microwave  monitoring,  meas- 

uring, spectrum  analysis  (when  the  LO 
is  a  swept-frequency  generator)  and  as 
a  general-purpose  laboratory  receiver. 
Operating  range  is  95  db  (  —  115  to —  20  dbm),  AGC  dynamite  range  is  80 

db.  Typical  meter  sensitivity  is  —115 
dbm.  Measurements  of  1000  cycle  mod- 

ulated carriers  can  be  made  to  —  1 1 5 db. 
Circle  No.  236  on  Subscriber  Service  Card 

High-Speed  Camera 
Red  Lake  Labs  has  developed  a  16- 

mm  high-speed  motion  picture  camera 
capable  of  producing  200  to  6000  pic- tures/ sec. 

The  Hycam  features:  built-in  event 
synchronizer  and  timing  light,  through- 
the-lens  viewing  and  on-the-film  focus- 

ing, an  end-of-film  motor  cut-off  switch, 
film-spool  ejectors,  static-free  operation, 
design  that  preserves  film  ends  on  run- 

out, and  a  full  line  of  available  acces- sories. 
Circle  No.  237  on  Subscriber  Service  Card 

FREE 

Aero-Space  OPPORTUNITIES  BULLETIN 
Shows  the  positions  you  could  have  in  Aero-Space  Technology 

Cadillac  Associates,  the  nation's  largest  executive  and  professional 
placement  service,  represents  the  majority  of  the  nation's  top  com- 

panies in  Aero-Space  engineering.  Their  best  jobs,  at  salaries  from 
$6,000  to  $75,000,  appear  in  our  monthly  Aero-Space  Opportunities 
Bulletin. 
Both  the  bulletin  and  our  completely  confidential  placement  service 
are  available  to  you  absolutely  free  of  charge.  Client  companies  pay 
our  fees. 
For  your  free  bulletin  without  any  obligation,  circle  Subscriber  Service 
Card  Number  13.  Please  use  home  address  only. 

Lon  D.  Barton,  President 

Cadillac  Associates,  Inc.* 29  E.  Madison  Bldg.   •   Chicago  2,  III.   •   Fl  6-9400 
•  "Where  Mere  Executives  Find  Their  Positions  Than  Anywhere  Else  in  the  World." 

In  Lot  Angeles— LON  BARTON  ASSOCIATES,  3275  Wilshire  Blvd. 
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new  literature 

GLASS/  EPOXY  LAMINATES— A  six- 
page  brochure  available  from  Mica 
Corp.  details  the  complete  product  line 
of  MICAPLY®  standard  and  thin-grade 
glass/epoxy  laminates  available  with 
and  without  copper  cladding  of  various 
weights.  Specification  tables  completely 
detail  laminate  thickness  and  tolerances 
for  each  grade,  plus  average  properties 
for  each  grade  in  1/16-in  thickness. 

Circle  No.  200  on  Subscriber  Service  Card 

FERRITE  SWITCH  CORES  — Three 
4-page  specification  sheets  are  available 
from  Electronic  Memories,  Inc.  featur- 

ing small,  medium  and  large  sized  fer- 
rite  switch  cores.  The  cores;  #101-101 
(small),  #141-101  (medium)  and 
#181-101  (large)  offer  good  tempera- 

ture characteristics  and  are  designed  for 
use  in  switching  and  current  steering 
applications. 

Circle  No.  201  on  Subscriber  Service  Card 

POWER  RESISTORS— A  16-page  cat- 
alog describing  its  standard  line  of  pre- 

cision power  resistors  is  available  from 
California  Resistor  Corp.  The  fully  il- 

lustrated brochure  contains  specifica- 
tions and  standard  ranges-tolerances- 

resistances  for  its  silicone  coated  resistors 
(including  non-inductive)  for  power  re- 

quirements in  advanced  electronic  cir- 
cuitry; its  metal  clad  resistors  (inductive 

and  non-inductive)  for  high-power  heat 
sink  applications;  and  its  high  tempera- 

ture 350°C  silicone-coated  resistors  (in- 
cluding non-inductive)  for  high-temper- 

ature power  applications. 
Circle  No.  202  on  Subscriber  Service  Card 

INCONEL  ALLOY  600— A  technical 

bulletin,  "Engineering  Properties  of  In- 
conel  Alloy  600,"  has  been  released  by 
the  Huntington  Alloy  Products  Div.  of 
the  International  Nickel  Co.,  Inc.  The 
36-page  booklet  gives  data  on  composi- 

tion, physical  constants,  mechanical 
properties,  metallography,  corrosion  re- 

sistance, applications,  working  instruc- 
tions and  mill  products  of  Inconel  Alloy 

600,  which  is  a  high-temperature,  oxi- 
dation and  corrosion-resistant  nickel- 

chromium  alloy. 
Circle  No.  203  on  Subscriber  Service  Curd 

SUPER-SOFT  RUBBER— A  booklet 
available  from  the  Roth  Rubber  Co., 
demonstrates  the  resiliency  of  Roth 
Super-Soft  rubber,  and  describes  a  num- 

ber of  defense  project  uses  of  this  rub- 
ber formulation.  The  booklet  shows  how 

Roth  Super-Soft  can  be  used  as  an  effec- 
tice  vibration  absorber  and  noise  damp- 
ener,  as  a  positive  vacuum  seal  on 
uneven  surfaces  and  contours,  and  as  an 
electrical  insulator,  and  also  describes 
the  ease  of  forming,  shaping  and  sizing 
of  the  material. 

Circle  No.  204  on  Subscriber  Service  Cord 

How  you  can  avoid  throe 

costly  mistakes  in  the 

selection  of  a  scientific 

or  engineering  computer 

And  the  one  sure  way 

to  find  the  computer  that  suits  you  best 

Selecting  a  computer  can  be  one  of  the  most  important  decisions  an  execu- 
tive can  make.  Almost  any  computer  can  reduce  costs  by  solving  problems, 

and  saving  time,  but  some  are  far  more  efficient  than  others. 
This  then  should  lead  to  a  careful  study  of  available  computers.  And  the 

study  must  avoid  becoming  overconcerned  with  "nuts  and  bolts"  and  con- centrate instead  on  overall  suitability  and  purpose. 
Basically,  the  decision  has  to  depend  on  finding  the  computer  that  best 

serves  your  needs.  The  Recomp®  line  of  solid-state  scientific  and  engineer- 
ing computers  has  been  found  ideal  for  many  leading  companies.  Perhaps  it 

could  best  meet  your  needs.  The  following  common  mistakes  may  offer  some 
guidance  in  your  choice. 

(1)  "Get  the  cheapest  computer" 
Just  as  there  is  no  such  thing  as  a  cheap  pair  of  shoes,  there  is  no  "cheap" computer.  Scientific  problem-solving  computers  sell  from  $40,000  and  up. 

They  lease  from  $1,000  and  up  a  month.  But,  much  more  important  than 
initial  cost  is  how  much  a  computer  will  save  you  over  a  period  of  time. 

A  computer  feasibility  study  showed  that  a  Recomp  computer  could  save 
almost  $70,000  more  than  a  lower-priced  competitor  in  a  year  on  a  given 
project.  In  addition,  Recomp  offers  a  broad  price  range.  The  Recomp  III 
computer  is  ideal  for  small-scale  needs.  And  you  can  lease  one  for  $1,495, 
complete.  For  medium-scale  needs,  Recomp  II  starts  at  $2,495.  A  complete 
line  of  peripheral  equipment  is  available  for  both  computers. 

(2)  "Buy  the  fastest  one" Naturally,  speed  is  important.  But  computer  operating  speed  is  just  a 
small  part  of  the  story.  Save  a  few  microseconds  here  and  there  and  you 
haven't  saved  much.  More  important  is  total  problem  solving  time. The  Recomp  line  of  small  and  medium  scale  computers  mark  their  savings 
in  terms  of  hours...  not  microseconds.  Recomp  computers  can  save  hours 
in  problem  solving  time  because  they're  simple  to  program,  easy  to  operate, and  have  an  exceptionally  large  memory. 

(3)  "Hire  specialized  computer  personnel" 
Not  always  necessary.  Some  computers  do  demand  specialized  program- 

ming personnel  to  operate  them.  However,  others  are  so  simple  to  use  that 
engineers  can  program  their  problems  directly.  This  ease  of  programming 
saves  time  and  increases  computer  use. 

One  of  the  easiest  computers  to  program  and  operate  is  Recomp.  Engi- 
neers with  less  than  eight  hours  instruction  are  able  to  use  Recomp  com- 
puters profitably. 

The  one  sure  way  to  select  a  computer 
The  computer  requirements  of  every  company  are  unique.  The  best  way 

to  find  the  computer  that  fits  your  own  specialized  requirements— without 
making  costly  mistakes— is  through  a  computer  feasibility  study.  This  is 
the  only  way  to  know  exactly  what  computer  suits  you  and  your  com- 

pany best. Put  Recomp  side  by  side  with  any  comparable  computer  on  the  market. 
Let  the  facts  speak  for  themselves.  You'll  see  why  no  computer  feasibility 
study  is  complete  without  Recomp. 

We'll  be  glad  to  help  you  get  the  facts.  Write  today  for  a  "Management 
Guide  to  a  Computer  Feasibility  Study." 

Recomp 

Recomp  is  a  product  of  Autonetics  Industrial  Products 
Autonetics  is  a  Division  of  North  American  Aviation 

Recomp 
Dept.   812,  3400  East  70th  St.,  Long  Beach,  California 
Please  send  me  a  "Management  Guide  to  a  Computer  Feasibility  Study." 
NAME  
POSITION  
COMPANY  
ADDRESS  

CITY  :  ZON  E  STATE  
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SYSTEMS  PROGRESS 

CHECKING  THE  POLARIS 
MISSILE 

Designed  to  process  data  from  180  chan- 
nels at  one  time,  a  CSC  system  is  now  in 

use  at  the  Sunnyvale,  California,  thermo- 
structural  test  facilities  of  the  Lockheed 
Missiles  &  Space  Division. 
Measurements  of  strain  and  temperature, 
recorded  at  hundreds  of  points  on  a 
Polaris  missile  being  tested,  are  changed 
to  proportional  analog  voltages  by  trans- 

ducers and  processed  by  the  system  for 
digital  recording  on  magnetic  tape  com- 

patible for  direct  entry  into  an  IBM  7090 
computer.  In  addition  to  magnetic-tape 
recording,  output  is  available  in  the  form 
of  IBM  punched  cards  and  X-Y  plots.  Mon- 

itoring is  by  bar  graphs  on  a  17-inch  oscil- 
loscope and  oscillograph  recordings. 

This  Thermostructure  Recording  and 
Monitoring  System  is  one  of  hundreds 
produced  by  CSC  for  data  acquisition, 
reduction,  conversion,  presentation  and 
analysis.  In  addition  to  analog  and  digital 
data  handling  systems,  CSC  designs, 
develops  and  manufactures  systems  for 
industrial  control,  electro-optical,  pneu- 

matic and  hydraulic  applications. 
For  details  of  CSC  accomplishments  in 
your  area  of  interest,  call  your  local  engi- 

neering representative  or  write 

CONSOLIDATED 

CORPORATION 
1500  So.  Shamrock  Ave.  •  Monrovia,  California 

-names  in  the  news- 

Philip  Spergel:  Formerly  with  Mitre 
Corp.,  joined  the  staff  of  Baird-Atomic, 
Inc.,  Cambridge,  Mass.,  as  chief  engineer. 

E.  G.  Riley:  Appointed  director  of  ad- 
vanced planning  for  the  ACF  Electronics 

Div.  of  ACF  Industries,  Inc.,  Riverdale, 
Md. 

James  VV.  Christian:  Appointed  project 
engineer  in  the  Waveguide  Systems  Div.  of 
Microwave  Associates,  Inc.,  Burlington, 
Mass. 

Paul  G.  Krueger:  Named  vice  president 
of  United-Carr  Fastner  Corp.,  Cambridge, 
Mass. 

David  L.  Prosser:  Appointed  sales  man- 
ager of  nuclear  sources  for  Monsanto  Re- 

search Corp.,  Dayton,  Ohio. 

John  J.  Shenk:  Named  research  and 
development  sales  administrator  for  Ray- 

theon Co.'s  Industrial  Components  Div., 
Newton,  Mass. 

Harold  J.  Black:  Appointed  director  of 
the  newly  established  Engineering  and 
Development  Dept.  at  Avco  Corp.'s  Aero- space Structures  Div.,  Nashville,  Tenn. 

Merton  H.  Lewis:  Named  assistant 
manager  of  Eastman  Kodak  Co.'s  govern- ment sales  div.,  Rochester,  N.Y. 

Richard  E.  Horner:  Vice  president  and 
general  manager  of  Northrop  Corp.'s Space  Laboratories,  elected  1963  chairman 
of  the  missile  and  space  council  of  the 
Aerospace  Industries  Assn. 

Dr.  Allen  H.  Keough:  Appointed  as- 
sistant director  of  research  and  develop- 

ment at  Norton  Co.,  Worcester,  Mass. 
Chester  N.  Pearsall  appointed  district 
product  supervisor  at  the  Pittsburgh  dis- trict office. 

A.  Rivoli:  Appointed  manufacturing 
manager  of  Sperry  Products  Div.  of  Auto- 

mation Industries,  Inc.,  Danbury,  Conn. 

Charles  K.  Knickerbocker:  Appointed 
Western  regional  manager  for  Consoli- 

dated Systems  Corp.,  Monrovia,  Calif. 

Col.  John  S.  Turton  (USAF  ret.):  Joined 
Aerojet-General  Corp.,  Azusa,  Calif.,  as 
corporate  specialist  on  procurement  and 
material. 

John  S.  Winter:  Appointed  technical 
director  of  Sundstrand  Aviation  Div.  of 
Sundstrand  Corp.,  Denver,  Colo. 

George  T.  Scharffenberger:  Elected 
senior  vice  president  of  Litton  Industries, 
Inc.,  Beverly  Hills,  Calif. 

William  B.  Murray:  Appointed  man- 
ager of  marketing  for  Atomics  Inter- 

national Div.  of  North  American  Aviation, 
Inc.,  Canoga  Park,  Calif. 

Voltage  and 

Balance  Panel 

VB-300  combines  three  precision 

monitoring  instruments  in  3Vi"  of 
rack  space,  at  less  than  their  usual 
cost.  Digital  readout  voltmeter  pro- 

vides measurement  and  setting 
of  bridge  excitation  voltage  to  any 
value  between  1  and  20.  Bridge  out- 

put meter  permits  measurement  of 
static  strains  in  terms  of  bridge  out- 

put voltage  to  any  value  between 
0  and  ±100  mv.  Null  indicator 
allows  bridge  balancing  within 
zblO  /j.v  of  zero. 

Circle  No.  15  on  Subscriber  Service  Card 

Transducer  Signal 

Conditioning 

Two  new  transducer  and  strain  gage 

signal  conditioning  units  feature 
radically  different  packaging  con- 

cept at  low  cost  per  channel.  Both 
the  PS-290  Power  Supply  and 
PB-290  Power  and  Balance  Unit 

incoqDorate  plug-in  card  circuits  for 

up  to  eight  channels  in  a  19"  rack, 
5V4"  high.  Bridge  completion 
balancing,  and  calibration  resistors 
are  easily  accessible  from  the  front. 

Output  ripple  is  less  than  500  micro- 
volts peak-to-peak,  or  200  microvolts 

RMS.  Line  regulation  is  less  than 
0.02%.  Isolation  is  less  than  0.01 

microamps  of  60  cycle  current.  Out- 
put impedance  is  less  than  0.05  ohm. 

MICRODOT  I1VC. 

f  *  ~"\s  220  Pasadena  Avenue 
I  mJJ  1  South  Pasadena,  California 

I   J     Overseas:  MICRODOT  AG,  Zug,  Switz. 
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-when  and  where 

DECEMBER 
Structural  Dynamics  Under  High  Impulse 

Loading  Symposium,  sponsored  by 
AFOSR  (Mechanics  Div.)  and  Aero- 

nautical Systems  Div.,  Wright-Patter- 
son Air  Force  Base,  Ohio,  Dec.  17-18. 

Space  Physics  Meeting,  American  Rocket 
Society  and  American  Assn.  for  Ad- 

vancement of  Science,  Philadelphia, 
Dec.  26-31. 

American  Astronautical  Society  Symposium 
on  Scientific  Satellites-Mission  and  De- 

sign, Franklin  Hall,  Philadelphia,  Dec. 
27. 

JANUARY 
Millimeter  and  Submillimeter  Conference, 

IRE,  Cherry  Plaza  Hotel,  Orlando, 
Fla.,  Jan.  7-10. 

American  Chemical  Society  National 
Meeting,  Cincinnati,  Ohio,  Jan.  13-18. 

Automotive  Engineering  Congress  and  Ex- 
position, Society  of  Automotive  Engi- 

neers, Cobo  Hall,  Detroit,  Mich.,  Jan. 14-18. 
Ninth  Annual  American  Astronautical  So- 

ciety Meeting,  Statler  Hilton  Hotel, 
Los  Angeles,  Jan.  15-17. 

31st  Annual  Meeting,  Institute  of  the 
Aerospace  Sciences,  Hotel  Astor,  New 
York  City,  Jan.  21-23. 

43rd  Annual  Meeting,  American  Meteoro- 
logical Society,  New  York  City,  Jan. 

21-24. 
Ninth  National  Symposium  on  Reliability 

and  Quality  Control,  Sheraton-Palace 
Hotel,  San  Francisco,  Jan.  22-24. 

Fifth  Annual  Army  Aviation  Contract 
Services  Symposium,  sponsored  by  Na- 

tional Aeronautical  Services  Assn.,  In- 
ternational Inn,  Washington,  D.C.,  Jan. 

28. 

M/R  BUSINESS  OFFICES 
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Paris,  France — 11  Rue  Condorcet;  TRU  15-39 

Fourth  Annual  Solid  Propellant  Rocket 
Conference,  American  Rocket  Society, 
Bellevue  Stratford  Hotel  and  the 
Franklin  Institute,  Philadelphia,  Jan. 30-Feb.  1. 

FEBRUARY 

Symposium  on  Engineering  for  Major  Sci- 
entific Programs,  Georgia  Institute  of 

Technology,  Atlanta,  Feb.  5-6. 
Electronic  Sales-Marketing  Assn.,  First 

Annual  Convention,  Americana  Hotel, 
New  York  City,  Feb.  11-13. 

1963  International  Solid-State  Circuits 
Conference,  sponsored  by  IRE,  AIEE 
and  University  of  Pennsylvania,  Phila- 

delphia, Feb.  20-22. 
MARCH 

1963  Microminiaturization  Congress,  Sher- 
aton Hotel,  Philadelphia,  March  5-7. 

Propulsion  Meeting,  Institute  of  the  Aero- 
space Sciences,  Cleveland,  March  7-8. 

Chemical  Engineering  in  Space  Tech- 
nology Symposium,  sponsored  by  the 

American  Institute  of  Chemical  Engi- 
neers, New  Orleans,  March  10-13. 

APRIL 
Nuclear  Materials  for  Space  Applications 

Technical  Meeting,  sponsored  by  the 
American  Nuclear  Society,  Netherland 
Hilton  Hotel,  Cincinnati,  Ohio,  Apr. 
17-19. 

High  Mass  Flow 

•  Impellers 

•  Inducers 

•  Rotors 
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editorial . . . 

Toughest  Customer  in  the  World 

THE  PENTAGON  has  been  called  the  world's toughest  customer.  This  is  both  a  compliment  and 
a  derogation.  If  one  is  looking  at  the  demand  for 
efficient,  effective  hardware,  then  it's  a  compliment. 

But  if  the  subject  is  the  confusing  and  often 
muddle-headed  procurement  policy  of  Dept.  of  De- 

fense and  the  three  services,  it  can  only  be  considered 
disparaging. 

For  years,  industry  and  the  military  have  tried  to 
hammer  out  a  buyer-seller  relationship  suitable  to 
the  climate  of  today's  fast-moving  technology.  The 
solution  has  yet  to  be  found. 

The  pace  of  development  has  accelerated  so  rap- 
idly that  excessive  change  orders  can  obsolete  a 

weapon  before  it  becomes  operational.  The  technol- 
ogy has  become  so  complex  that  production  can  be 

as  infinitely  difficult  a  task  as  the  original  research 
and  development.  Programs  have  become  so  vast 
that  cost  management  assumes  terrifying  proportions. 

In  the  face  of  these  and  other  difficulties,  the 
Pentagon  has  been  vacillating,  indecisive  and  un- 

original in  its  approaches  to  procurement.  Half- 
hearted attempts  have  been  met  with  the  lack  of 

results  one  would  expect. 
Secretary  of  Defense  McNamara  and  his  team 

now  are  making  the  strongest  effort  yet  to  find  a 
solution  to  procurement  problems.  To  do  this,  DOD 
has  taken  over  from  the  three  services  much  of  the 
authority  and  resonsibility  for  procurement.  Despite 
the  ensuing  cries  of  rage  and  alarm,  we  cannot  sym- 

pathize deeply  with  those  who  have  had  authority 
taken  away  from  them  because  they  declined  to  use 
it  properly  in  the  first  place. 

There  are  dangers  if  knowledgeable  military 
leaders  are  completely  bypassed  in  the  process,  as 
we  have  warned  before.  But  at  least  an  effort  is  being 
made  to  improve  military  procurement  and  industry 
can  applaud  the  attempt. 

In  a  recent  lecture  to  the  Industrial  College  of 
the  Armed  Forces,  publisher  C.  W.  Borklund  of 
Armed  Forces  Management  magazine  outlined  very 
succinctly  for  his  military  audience  the  industry 
viewpoint  on  procurement.  We  would  like  to  quote 
here  some  of  the  points  he  made: 

•  Profits.  "Profits  represent  corporate  health,  the 
strength  to  continue  to  function  at  maximum  effec- 

tiveness .  .  .  the  customer  who  does  not  provide 
long-range  profitability  very  soon  finds  himself  with- 

out an  efficient  low-cost  supplier." 
•  Costs.  "It  is  not  profits  which  government 

should  be  concerned  about  but  costs.  Clobbering 
profits  is  clobbering  a  fly  with  a  sledge  hammer. 
Costs  are  what  the  government  shells  out  and  profits, 
according  to  most  company  annual  reports,  are  only 
about  2  to  5%  of  that  total  multibillion-dollar 

figure." 
•  Buying-in.  "Today,  there  is  a  flurry  of  activity 

to  cut  price  lower  and  lower.  The  way  this  flurry  is 
being  applied,  it  is  inviting  loft  operators  into  the 

military  field,  picking  up  production  contracts  for 
prices  that  companies  with  brainpower  to  do  the 
development  in  the  first  place  can't  touch.  This  burns the  companies  most  anxious  to  do  a  job  for  the 

military." •  Research  and  development.  'This  emphasis  on 
price  forces  the  procurement  pattern  to  run  ex- 

actly contrary  to  the  military  demand  today  on 
industry.  That  is,  defense  demands  more  R&D  in 
proportion  to  production  runs  but  scorns  the  needs 
of  the  companies  that  build  up  a  capability  to  provide 

that  engineering  talent." 
•  Open  bidding.  "How  much  do  we  encourage 

creativity  when  we  let  a  company  do  a  prototype 
piece  of  hardware  and  then  pass  their  drawings 
around  to  all  their  competitors  so  that  everybody 
gets  a  chance  to  bid  on  a  production  contract?  The 
prototype  developer  knows  this  wipes  out  most  of 
what  he  felt  he  was  gaining  in  going  into  the  proto- 

type development  at  niggardly  profits  in  the  first 

place." 

MR.  BORKLUND  made  two  suggestions  which 
would  do  much  to  improve  effectiveness  of  the 

industry-military  team.  These  are  not  new  sugges- 
tions from  industry.  But  nothing  has  even  been  done 

to  implement  them  and  we  commend  them  to  DOD 
for  further  consideration. 

The  first  concerns  rotation  of  military  officers 
in  and  out  of  projects  on  the  basis  of  three-year 
assignments.  No  major  program  today  moves  from 
the  drawing  board  to  operational  hardware  in  three 
years.  More  frequently,  the  figure  is  five,  six  or 
seven  years.  Military  officers  should  be  assigned  for 
the  development  life  of  the  project.  Otherwise,  every 
change  in  military  personnel  is  a  management  setback 
of  six  months  to  a  year. 

The  other  suggestion  concerns  the  need  for  after- 
the-fact  briefings  of  companies  which  lose  contracts. 
Why  did  the  winner  win?  Why  did  the  losers  lose? 

"It's  supposed  to  be  an  axiom  that  from  your 
failures  you  learn  how  to  succeed,"  said  Mr. 
Borklund.  "We  don't  give  industry  this  benefit. 
They've  got  to  guess,  and  in  the  maze  of  thousands 
of  military  people  they  can  talk  to,  all  with  thousands 
of  differing  opinions,  they  can  get  all  sorts  of  answers 

on  what  happened,  mostly  inaccurate." This  is  not  curiosity.  It  is  information  industry 
needs  to  help  it  do  a  better  job  in  the  future.  Such 
briefings  also  might  incidentally  have  a  beneficial 
effect  on  contract  decisions. 

When  DOD  has  the  new  procurement  ground 
rules  established,  the  decision-making  role  presum- 

ably will  gradually  pass  back  into  military  hands. 
This  depends  on  how  fast  the  military  learns  the  new 
techniques  of  budget  packages  and  programing. 

But  the  end  result  could  be  that  the  Pentagon 
will  indeed  be  the  toughest  customer  in  the  world — in  the  best  sense  of  the  word. 

William  J.  Coughlin 
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AUTOMATIC 

OPTICAL 

TRACKIN 

SYSTEMS 

Combining  the  high  resolution  of  optics  with  the  sensitivity  and  automatic  M 
response  of  electronics,  optical  tracking  is  a  powerful  means  for  accurately  > 
pointing  instruments  and  weapons  at  high-speed  vehicles  traveling  inside^ 
or  outside  the  earth's  atmosphere.  Barnes  Engineering  Company,  a  leader 
in  the  technology  of  optical  tracking,  now  offers  'off-the-shelf  capability  in 
tracking  sensors  and  systems. 

Barnes  trackers  operate  in  the  infrared  and  visible  spectrum.  They  employ 

precision  optical  systems,  utilizing  unique  reticle  and  field  mask  combina- 
tions*, to  provide  high  target  resolution,  high  signal-to-noise  ratio  and  high 

rejection  of  background  interference. 

Tracking  sensors,  which  provide  electrical  outputs  for  driving  servo  ped- 
estals, as  well  as  complete  tracking  systems  that  include  precision  servo- 

controlled  pedestals  are  available  to  provide  optimum  results  for  all  types  of 
applications.  Wide-field  models  provide  maximum  ease  of  target  acquisition, 
while  narrow-field  models  supply  ultimate  tracking  precision.  Dual-field  units 
combine  both  functions.  Detectors  and  filters  are  available  for  producing 

maximum  spectral  contrast  between  target  and  background  radiation,  and  two- 
color  models  permit  instantaneous  selection  of  either  or  a  combination  of  two 
different  detector  and  filter  combinations. 

Write  for  Series  21  bulletins. 
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SPRINGBOARD  TO  MARS  AND  VENUS 

NERVA— Nuclear  Engine  for  Rocket  Vehicle  Application.  Now  being  developed  as  the  nation's  first  nuclear  powered 
rocket  engine,  NERVA  will  permit  extensive  space  explorations,  including  delivery  of  extremejy  large  payloads  to 
the  nearest  planets.  As  part  of  the  Rover  nuclear  rocket  propulsion  program,  NERVA  will  be  flight  tested  on  an 
advanced  SATURN  booster  in  combination  with  a  nuclear  powered  upper  stage.  ■  Development  of  the  NERVA 

engine  is  the  responsibility  of  REON  (Rocket  Engine  Operations— Nuclear),  an  organization  which  manages  and 

directs  the  development  of  nuclear  rocket  systems  for  the  Aerojet-General®  Corporation.  Westinghouse  Astro- 
Nuclear  Laboratories  shares  the  responsibility  for  the  NERVA  reactor  under  the  team  leadership  of  REON.  The 

over-all  Rover  program  is  under  the  direction  of  the  Space  Nuclear  Propulsion  Office,  a  joint  office  of  the  Atomic 
Energy  Commission  and  the  National  Aeronautics  and  Space  Administration. 

REON 
AZUSA.  CALIFORNIA 
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Loser  Rods  Grow  on  EOS  Tree 

DOD  Switches,  Calls  AICBM  Feasible. . . 

[What  Mariner  Success  Means  for  '64  .  . 

AF  Ponders  Big-Solid  AGE  Problems . . . 



EG&G  converts  power  for  light  with 

70%  EFFICIENCY 

■ 

problem:  Design  a  flash  unit  small  enough  for 
satellite  ANNA*,  powerful  enough  for  geodetic 
photography  at  slant  ranges  of  well  over  1000 
miles,  reliable  enough  to  guarantee  20,000  flashes 

on  command  and  one  year's  life. 
solution:  Special  EG&G  converter  transforms 
14%  v  dc  into  high  voltage  for  EG&G  capacitor 
bank,  which  supplies  energy  for  EG&G  XFX-40 
tubes  to  produce  8,000  candle-second  flashes  in 
sequences  controlled  by  EG&G  digital  circuitry. 
Flashes  are  equivalent  in  visual  brightness  to  the 
pointer  stars  of  the  Big  Dipper.  Conversion  effi- 

ciency is  a  phenomenal  70 % !  Entire  flash  package 
weighs  precisely  52  lbs. 

EG&G'S  LEADERSHIP  IN  FLASH  TECHNOLOGY  is 
exemplified  by  this  and  a  host  of  other  state-of- 
the-art  developments,  including:  highly  efficient 
laser  systems,  flash  systems  for  chemical  cataly- 

sis, shock-wave  photography,  cloud  chamber 
physics  and  other  extremely  demanding  applica- 

tions from  night  aerial  photography  to  abyssal 
oceanography. 

EG&G  is  an  equal  opportunity  employer  and  in- 
vites inquiries  from  qualified  scientists  and  en- 

gineers. Growth  creates  major  opportunities  in 
research  for  nuclear  rocket  reactor  control  and 
radiation  detection  and  measurement  and  in  the 
development  of  instrumentation  and  components 
for  these  and  other  purposes.  Contact  Elton 
Harris,  Dept.  IS  13, 160  Brookline  Avenue,  Boston 
15,  Massachusetts. 

•A  joint  Army,  Navy,  NASA  and  Air  Force  pro/ecl. 

EDGERTON,  GERMESHAUSEN 
&  GRIER,  INC. 

BOSTON,  LAS  VEGAS,  SANTA  BARBARA 
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Nuclear  scientists  and  engineers  with  an 

understanding  of  advanced  engineering  concepts 

are  needed  now  at  Douglas 

One  of  the  Douglas  nuclear  propulsion  research  projects  now  in  progress  explores  the  appli- 

cation of  advanced  optimization  techniques  such  as  dynamic  programming,  Pontrjagin's 

maximum  principle  and  gradient  methods,  to  the  design  of  nuclear  powered  space  vehicles. 

Currently  there  exist  openings  for  experienced  engineers  and  physicists  (with  advanced 

degrees)  in  projects  like  the  above  involving  Shielding/Core  Design/Controls/Heat  transfer/ 

Vortex  flows/Hydrodynamics/Thermionic-solid  state  devices/Hazards/Crossed  field  accelerators. 

If  interested,  please  contact  Mr.  W  C.  Ames,  Douglas  Missile  and  Space  Systems  Division, 

Dept.  J-203, 3000  Ocean  Park  Blvd.,  Santa  Monica,  California.  An  equal  opportunity  employer. 

MISSILE  £  SPACE  SYSTEMS  DIVISION 
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letters 

Last  Word  on  Ethics 

To  the  Editor: 
May  I  commend  you  most  sincerely 

for  saying  so  clearly  and  frankly  what 
should  have  been  said  long  before  this  on 
"The  Ethics  of  Fame"  (M/R  editorial, 
Nov.  5). 

The  astronauts  undoubtedly  have  been 
badly  advised. 

Perhaps  it  is  not  yet  too  late  for  them 
to  accept  the  advice  of  a  wise  editor. 

For  the  sake  of  our  space  program, 
let  us  all  hope  they  do.  It  seems  so 
unseemly  that  these  fine  men  with  a  mis- 

sion as  challenging  as  any  ever  faced  by 

mortals,  should  be  so  preoccupied  with 
the  flighty  standards  of  our  materialistic society. 

Maxwell  J.  Seeley 
Editor 
Wings  in  Space 
Montreal,  Canada 

To  the  Editor: 
I  only  very  occasionally  write  to  an 

editor  in  order  to  comment  on  an  issue 
under  public  discussion.  However,  your 
editorial  seemed  to  me  so  shockingly  un- 

just that  I  cannot  keep  quiet.  Why  should 
your  seven  astronauts  not  profit  from  hon- 

orable business  opportunities?  You  should 
keep  in  mind  that  the  kind  of  "Ethics  for 

Heroes"  you  cite  as  example  was — and  still 
is — established  by  societies  whose  leaders 
expect  heroism  for  nothing  but  eventually 
a  state  funeral. 

As  a  matter  of  fact,  it  is  much  cheaper 
to  pay  comfortably  one  Aristotle  that  he 
may  persuade  a  thousand  heroes  to  fight 
for  nothing,  than  to  pay  comfortably  the 
thousand  heroes. 

Fortunately,  enough  other  writers  share 
my  opinion  (M/R,  Nov.  19  &  26),  and 
have  expressed  their  views  in  more  detail. 
Please  take  my  modest  contribution  to  this 
issue  as  that  of  a  European. 

W.  R.  Ruston 
Brussels,  Belgium 

To  the  Editor: 
Leave  us  have  done  with  all  this  Ethics 

of  Fame  flap.  El  Conscripto,  Poet  of  Cis- 
lunar  Space,  offers  the  following  death- 
defying  lines  to  bring  it  to  a  well-deserved end. 

"Guano  Republicano" 

or 
"On    First    Looking   into  Coughlin's 

Boner" 

Long  have  I  sojourned  in  the  Land  of 
Brass, 

Covered  short-sales  with  margin  in 
Market  Coups  Crass, 

Ran  booze  thru  Ole  Miss' — pulled  slots 
in  L.V. 

In  bootless  pursuit  of  Securitee  .  .  . 
Yet  ne'er  of  great  wealth  to  be  had did  I  wot, 

From  levitation  in  orbit  (as  by  astro- 

naut) 

'Til  Coughlin  (of  Virtues — a  quorum) 
On  the  "Ethics  of  Fame"  from  M/R's 

Forum 
Spoke,  and  in  apostrophe  lyrical, 
Reminded  the  Eagles  their  reward  was 

chimerical. 
Doodle,  doodle,  do.  Or  much  ado  about nothing! 

Joaquin  Molinero  el  Conscripto 
Canoga  Park,  Calif. 

What  If  Not  Jupiter? 
To  the  Editor: 

The  item  titled  "What  to  do  with 
Turkey  Left-Overs?"  in  the  Countdown 
(M/R,  Dec.  3,  p.  7)  requires  considerable 
amplification  and  clarification. 

The  item  indicates  that  obsolescing 
Jupiter  missiles  may  be  withdrawn  from 
Turkey.  The  idea  of  obsolescence  implies 
that  there  is  something  better  to  replace 
the  obsolescent  item.  The  question  then 
comes  to  mind:  WHAT  would  replace 
the  Jupiter  in  Turkey? 

The  item  also  states  that  the  IRBM's 
are  no  longer  needed  in  Turkey.  This  gen- 

erates another  important  question:  WHY 
are  these  missiles  no  longer  needed  there? 

Other  information  indicates  that  one 
reason  the  missiles  in  Turkey  may  be  with- 

drawn is  that  they  cannot  perform  their 
mission  unless  personnel  training,  main- 

tenance and  supply  services  are  extensively 
improved.  Such  improvement  does  not  ap- 

|     pear  to  be  forthcoming. 

Bomarc  Launcher-Erector 
depends  on  Rucker  systems 

engineering 

Precision  engineered  systems  with  cus- 
tom designed  components  provide  the 

ultimate  in  hydraulic  controls  for  the 
Bomarc  Launcher -Erector  manufactured 
by  FMC  Corporation  for  The  Boeing  Com- 

pany, Seattle. 

Control  valves  manufactured  by  Double 
A  Division  of  Brown  &  Sharpe. 
Accumulators  manufactured  by  Ameri- 

can Bosch. 
Hydraulic  manifolds  manufactured  by 
Brown  &  Sharpe. 

Systucker  Bomarc 
Hydraulic  Control 
Hi  •  Package 

All  built  to  Rucker's  demanding  stand- 
|  ards,  specifically  selected,  matched,  and 
qualified  by  Rucker  to  provide  complete 
system  integration. 

THEJZS 
COM  PA NY 

4700  San  Pablo  Avenue  .  OLympic  3-5221 
•  Oakland  8,  California 
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Why  S-A  Tracking  Antenna 

Pedestal  Systems  Offer  the  best 

PRICE/PERFORMANCE  RATIO 

From  all  of  the  above,  one  might  con- 
clude that  the  American  public  has  been 

led  once  again  to  believe  it  has  had  protec- 
tion which  in  reality  it  did  NOT  have.  If 

this  is  true,  then  the  public  should  be 
awakened  before  it  finds  itself  without 
ANY  protection! 

I  hope  that  you  have  reliable  informa- 
tion which  will  permit  you  to  appraise  the 

situation  and  give  the  true  picture  to  M/R 
readers  and  to  the  American  public  as 
well. 

(Name  Withheld  on  Request) 
Rosemead,  Calif. 

AIAA  Birth  Pains 
To  the  Editor: 

The  letter  in  the  Dec.  3  M/R  from 
Messrs.  Kallis  and  Isbell  regarding  the 
ARS-IAS  merger  deserves  some  comment. 

As  an  ARS  member  of  fairly  long  but 
intermittent  status,  I  fail  to  see  that  the 
letter  of  Kallis  and  Isbell  has  served  any 
useful  purpose. 

It  states  that  the  writers,  as  members, 
failed  to  receive  ballots  from  the  Ameri- 

can Rocket  Society  regarding  a  merger 
betwen  ARS  and  the  Institute  of  the  Aero- 

space Sciences.  The  letter  writers  further 
state  that  they  "were  publicly  against"  he 
merger,  and  they  propose  a  poll  "to  see 
what  percentage  of  these  opposed  (and  in 
favor)  of  the  scheme  failed  to  receive 
ballots." 

Viewed  by  only  a  member  of  ARS.  the 
main  purpose  of  the  merger  was  to  pro- 

vide a  broader  availability  of  papers  on 
the  state  of  the  art  of  space  science  to 
members  of  both  organizations.  Such  a 
scheme  benefits  many  individuals  in  both 
organizations  as  well  as  many  who  may 
become  contributory  on  reading  the  jour- 

nal that  will  result  from  the  merger. 
Frank  M.  Cameron 
Member,  ARS 
Huntsville,  Ala. 

Government  and  Profits 
To  the  Editor: 

We  congratulate  you  on  your  excellent 
Dec.  10  editorial,  entitled  "An  Objective 
View."  We  felt  it  was  very  well  stated  and we  heartily  endorse  the  contents.  We  are 
continually  faced  with  Government  em- 

ployees who  feel  it  is  their  prerogative  and 
their  duty  to  force  the  reduction  of  profits 
in  industry  and  do  not  comprehend  the 
importance  of  this  facet  to  the  contin- 

ued growth  and  development  of  private 
industry. 

Gordon  T.  Ersted 
Dayton,  Ohio 

Lockheed  Strike 
To  the  Editor: 

I  have  read  your  Dec.  3  article  ("A 
Stag  at  Bay")  and  I  am  in  100%  agree- ment with  you  on  this  matter. 

You  have  the  nerve  to  stand  up  and 
say  the  things  that  were  on  the  minds  of 
many  aerospace  employees  from  produc- 

tion workers  through  management. 
Russell  W.  Post 
Wichita,  Kan. 

Versatility,  MIL  SPEC  compatibility, 
reliability,  state  of  the  art  manufactur- 

ing techniques,  quick  delivery,  and  full 
system  capability,  you  get  them  all 
from  Scientific-Atlanta. 

VERSATILITY.  For  antennas  up  to  30 
feet  diameter.  Scientific-Atlanta  offers 
three  basic  pedestals  with  output  torques 
from  500  to  10,000  ft.-lbs.,  velocities  to 
30°/sec.  accelerations  to  30°/sec2,  and 
accuracies  to  0.08°  static  and  ±0.05°/ 
rpm.  Multiple  mode  operation;  automa- 

tic, slave,  manual  or  pre-programmed 
tracking.  A  full  range  of  optional  extras 
and  accessory  equipment  is  available  to 
meet  virtually  any  operational  require- 
ment. 

MIL  SPEC  COMPATIBILITY.  Scientif- 
ic-Atlanta pedestals  are  designed  to 

operate  under  MIL  SPEC  environmen- 
tal and  RFI  conditions. 

RELIABILITY.  Scientific-Atlanta  ped- 
estal systems  use  solid  state  servos, 

printed  circuit  dc  motors  for  long  life 
and  quick  response,  large  parallel 
mounting  surfaces  for  adaptability  plus 
rigidity  of  antenna  mounting,  fail-safe 
brakes,  electrical  and  mechanical  limit stops. 

MANUFACTURING.  Assembly  of 
tracking  pedestals  from  standardized 
modules  allows  Scientific-Atlanta  to 
meet  a  wide  variety  of  customer  require- 

ments and  pass  along  the  cost  benefits 
of  mass  production. 
QUICK  DELIVERY.  Most  TPS  units 
are  available  6  to  8  weeks  ARO. 

SYSTEM  CAPABILITY.  Scientific- 
Atlanta  offers  its  customers  a  unique 
and  proven  capability  to  provide  com- 

plete telemetry  tracking  systems,  spe- 
cial antenna  systems,  and  servo-control 

systems. 
FOR  MORE  INFORMATION,  please  address  Scientific- 
Atlanta,  Inc.,  P.O.  Box  13654,  Atlanta  24,  Georgia, 
phone:  (404)  938-2930. 

SCIENTIFIC-ATLANTA,  INC. 
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Garrett-AiResearch  has  the  proven  capability 
to  deliver  a  full  range  of  reliable,  compact  and 
lightweight  power  generation  and  frequency  con- 

version equipment  for  airborne,  missile  or  ground 
support  use. 

Typical  power  range  available:  50W  to  100 
KVA  . . .  Generating  speeds:  up  to  48.000  rpm  . . . 

Frequency  output:  400  and  60  cycle  AC  or  28 Volt  DC. 

AiResearch  is  recognized  as  a  leader  in  research 
and  development  of  high  speed  rotating  machinery 
and  generating  systems.  New  design  requirements 
can  be  undertaken  immediately  and  completed  in 
minimum  time.  Your  inquiries  are  invited. 

AIRESEARCH  MANUFACTURING  DIVISIONS  •  Los  Angeles  9,  California  •  Phoenix,  Arizona 
Systems  and  Components  for: 

Aircraft,  Missile,  Spacecraft,  Electronic,  Nuclear  and  Industrial  Applications 
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The  Countdown 

WASHINGTON 

Navy  Working  on  New  Condor  Missile 

Preliminary  work  on  Condor,  an  air-to-surface  missile 
with  television  terminal  guidance,  is  being  done  by  Naval 
Ordnance  Test  Station,  China  Lake,  Calif.,  and  several 
potential  contractors.  Navy  officials  are  pessimistic  about 
chances  of  funding  the  program  in  Fiscal  '64,  however. 
The  missile  is  seen  as  a  sort  of  long-range  Bullpup.  Its 
range  is  set  at  40  miles  in  preliminary  estimates.  Condor 
would  follow  a  ballistic  trajectory  but  would  have  aero- 

dynamic surfaces  for  terminal  control.  Pilot  of  the  launch 
aircraft  would  have  time  to  command  at  least  three  ter- 

minal trajectory  changes  on  the  basis  of  his  TV  picture. 

Air  Force  Antitank  Missile  Studied 

Air  Force  has  let  a  study  contract  to  North  American 
Aviation  for  an  antitank  weapon,  designated  Missile  S. 
Value:  $35,000.  Contract  was  let  by  Detachment  4  of 
Aeronautical  Systems  Div.  at  Eglin  AFB,  Fla. 

New  Job  Shuffle  at  AFOSR 

Resignation  of  Dr.  Knox  Millsaps  will  be  followed  by 
a  job  shuffle  at  the  Air  Force  Office  of  Scientific  Re- 

search. Millsaps  is  executive  director  of  AFOSR  as  well 
as  chief  scientist  of  the  Office  of  Aerospace  Research. 
Following  his  departure,  the  two  jobs  will  be  manned 
separately.  The  decision  to  split  the  two  positions  was  one 
of  the  factors  in  the  resignation  of  Millsaps.  which  takes 
effect  in  January. 

NASA  To  Seek  New  Battery  for  Space 
NASA  expects  to  solicit  proposals  in  the  near  future 

for  development  of  a  new  battery  to  power  spacecraft  and 
satellites.  The  space  agency  wants  to  sponsor  development 
of  an  organic  battery  which  will  have  a  better  energy-to- 
weight  ratio  than  the  current  nickel  and  silver-cadmium 
batteries. 

Proposals  for  C-5  Crawler  Are  Due 
Proposals  for  the  Saturn  C-5  crawler-transporter  are 

due  at  NASA  by  Jan.  15.  The  vehicle  will  haul  the 
booster  from  its  checkout  hangar  to  the  launch  pad. 
Twenty-two  firms  attending  a  pre-proposal  briefing  on 
Dec.  17  were  informed  that  a  contract  for  the  crawler 
would  be  signed  on  or  before  March  1 . 

New  SAINT  Contracts  Are  Expected 
Industry  sources  report  that  three  study  contracts  for 

an  advanced  Satellite  Inspector  program  (M/R,  Dec.  10, 
p.  14)  will  be  let  shortly  by  the  Air  Force.  Designated 
Program  706,  the  advanced  SAINT  replaces  the  earlier 
621 A  program,  reoriented  following  development  troubles. 

Mid-Course  Maneuver  Due  for  Soviet  Probe 

If  the  2000-lb.  Soviet  Mars  probe  is  to  come  any- 
where near  the  planet,  a  mid-course  guidance  maneuver 

will  have  to  be  made  shortly,  according  to  U.S.  calcula- 
tions. One  Soviet  report  indicates  pictures  of  the  Martian 

surface  may  not  be  relayed  back  to  Earth  until  the  probe 
returns  to  the  vicinity  of  this  planet  in  a  year  to  18 
months. 

House  May  Probe  Troubled  Ranger  Program 
Investigation  of  the  lagging  Ranger  program  by  a 

House  space  subcommittee  is  expected  to  open  shortly 
after  Congress  convenes  next  year.  It  will  be  headed  by 
Rep.  Joseph  E.  Karth  (D-Minn.),  who  was  chairman  of 
the  Centaur  investigation  during  the  last  session. 

Flight  Program  Sought  for  Power  Units 

NASA's  Office  of  Advanced  Research  and  Technology 
is  hopeful  of  eventually  activating  a  flight-test  program 
for  space  power  packages.  There  is  no  money  in  sight  for 
this,  however,  in  either  the  Fiscal  '63  or  '64  budgets. 

INDUSTRY 

Bendix  ComSat  Resembles  OAO 

The  Bendix  Corp.  entry  in  the  Dept.  of  Defense 
24-hr.  communications  satellite  competition  (M/R,  Dec. 
10,  p.  15)  closely  resembles  the  Orbiting  Astronomical 
Observatory  (OAO)  designed  by  Grumman.  Bendix  proj- 

ect is  in  the  mock-up  stage. 

Flights  to  Start  in  X-15  Follow-On  Program 
First  flights  in  the  X-15  follow-on  program  are  set  for 

late  next  month  or  early  in  February.  The  No.  1  X-15 
has  been  returned  to  NASA  Flight  Research  Center,  Ed- 

wards AFB,  Calif.,  from  North  American  Aviation  after 
four  months  of  modifications  for  the  follow-on  program. 
These  include  installation  of  a  window  in  the  underside 
of  the  fuselage  with  a  camera  mounted  inside  the  struc- 

ture to  study  optical  degradation  resulting  from  observa- 
tions through  hypersonic  boundary  layers  and  shock- 

waves.  The  program  is  expected  to  add  35  flights  to  the 
schedule  originally  set  for  X-15  research  objectives. 

Site  for  Moon  Rocket  Under  Preparation 
Work  at  the  Merritt  Island  annex  to  Cape  Canaveral, 

which  will  be  the  site  of  the  Apollo  lunar  launch,  is  pro- 
gressing rapidly.  Equipment  of  the  Gahagan  Dredging 

Co.  of  Tampa  is  pumping  millions  of  cubic  yards  of  fill 
into  the  area  and  digging  canals  to  permit  barge  trans- 

portation of  Saturn  segments  to  the  Complex  39  assem- 
bly areas. 

New  Launch  Facilities  Ready  for  Samos,  Midas 

Step-up  in  launches  of  the  SAMOS  and  MIDAS  spy 
satellites  can  be  expected  with  completion  of  two  additional 
Atlas- Agena  launch  pads  at  Point  Arguello,  Cailf.  Desig- 

nated as  PALC  2  (Point  Arguello  Launch  Complex  2), 
the  new  facilities  incorporate  major  technical  advances 
over  PALC  1,  from  which  all  past  MIDAS  and  SAMOS 
launches  have  been  made.  The  $9-million  PALC  2  con- 

tract also  includes  some  up-dating  of  the  two  older  pads, 
however. 

INTERNATIONAL 

French  Probe  to  Test  Re-Entry  Heating 
SEPR.  the  French  company  specializing  in  rocket  pro- 

pulsion, is  carrying  out  the  major  deevolpment  on  a  four- 
stage  Berenice  test  vehicle  which  will  be  used  to  test  re- 

entry heating  at  speeds  of  Mach  12.  Two  of  the  four 
stages  will  be  fired  during  climb,  two  during  descent. 
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Skybolt  Fading  Fast 
President  Kennedy  sounded  a 

virtual  death-knell  Dee.  17  for  Sky- 
bolt  as  a  basic  component  of  the 
Anglo-American  deterrent  system. 

Predictably,  the  decision  set  off 
a  furor  from  London  to  Capitol  Hill 
and  the  White  House.  (M/R,  May  8, 
1961,  p.  10).  The  Nassau  meeting  of 
Prime  Minister  Harold  Macmillan 
and  President  Kennedy  doubtless 
was  the  key  decision-making  session 
before  full  public  announcement  of 
the  cancellation. 

Meanwhile,  the  Senate  Armed 
Services  Committee  threatened  fi- 

nancial retaliation  against  the  Pen- 
tagon for  the  Skybolt  decision.  Irri- 
tated because  they  were  not  briefed 

on  the  situation  beforehand,  Con- 
gressmen are  doubly  upset  by  what 

some  consider  a  "double-cross"  in 
connection  with  the  B-70  and  Sky- 

bolt decisions.  One  senator  said: 
"They  told  us  that  the  answer  to 
the  B-70  was  B-52  with  Skybolt." 

Now,  with  both  weapon  systems 
cancelled  in  essence,  although  alive 
in  theory,  it  appears  that  Congress 
has  been  given  a  fast  shuffle.  Some 
members  are  hoping  that  final  Brit- 

ish pressure  will  pull  the  missile 
through,  but  this  seems  doubtful. 

Shots  of  the  Week 

•  Relay,  NASA's  communica- tions satellite  experiment,  was 
launched  Dec.  13  from  Cape  Canav- 

eral but  failed  to  maintain  full  power 
for  its  primary  tests.  Although  in 
a  near-perfect  orbit,  the  satellite  suc- 

ceeded only  in  returning  some  data 
on  radiation  belts,  and  has  little 
chance  of  regaining  full  power  to 
complete  its  mission  (see  p.  18). 

•  Transit  5-A,  Navy's  naviga- 
tional satellite,  was  put  into  polar 

orbit  aboard  a  Blue  Scout  booster 
from  Pt.  Arguello,  Calif.,  Dec.  18. 
The  140-lb.  payload  had  a  failure  in 
its  command  receiver,  preventing 
transmission  of  navigational  aids  to 
ships  and  submarines.  It  is  part  of 
a  planned  four-satellite  network  giv- 

ing Polaris  submarines  greater  posi- 
tioning accuracy  for  launching. 

•  Explorer  XVI  (S-55)  was  suc- 
cessfully orbited  Dec.  16  aboard  a 

Scout  rocket  from  Wallops  Island, 
Va.,  and  all  systems  are  working 
normally.  Data  on  micrometeoroid 
particles  in  space  are  being  received. 

•  The  X-/5  rocket  research  craft 

set  a  new  mark  for  angle-of -attack 
re-entry  with  its  Dec.  14  flight  at 
Edwards  AFB,  Calif.  With  speed  ex- 
ceding  Mach  5,  Air  Force  Maj.  Rob- 

ert White  brought  the  craft  into  the 
atmosphere  at  an  angle  of  attack  of 
25°  without  the  lower  stabilizer. 
Previous  high  mark  for  such  a  ma- 

neuver was  18°,  and  a  conventional 
aircraft  would  lose  control  at  15°. 

•  Polaris  A-2  carrying  an  A-3 
guidance  system  was  successfully 
fired  from  a  Cape  Canaveral  pad 
Dec.  19  in  a  test  of  the  smallest  iner- 
tial  guidance  system  the  U.S.  has 
ever  built  for  a  military  rocket.  The 
1500-mile  flight  gave  the  Mark  2 
system  a  two-minute  test,  in  con- 

trast to  the  80-sec.  total  gained  from 
all  six  previous  tests  of  the  full 
A-3  vehicle,  which  failed  on  each 
occasion. 

•  A  Nike-Zeus  antimissile  mis- 
sile was  fired  successfully  Dec.  19 

in  the  19th  and  final  test  of  the  Zeus 

at  Pt.  Mugu,  Calif.  Tests  will  con- tinue at  White  Sands  Missile  Range, 
N.M.,  and  Kwajalein  Island.  The 
missile  carried  a  simulated  nuclear 
warhead.  The  Army  reported  all 
three  stages  ignited  on  schedule. 

•  Two  Sergeant  ballistic  missiles 
scored  bullseyes  in  field  tests  by  the 
Army  at  White  Sands  Missile  Range 
at  undisclosed  distances. 

•  A  Titan  II ICBM  was  launched 
on  a  successful  5000-mile  flight  from 
Cape  Canaveral  Dec.  19  in  a  full- 
system  test.  It  was  the  missile's sixth  completely  successful  test,  in 
addition  to  three  partially  successful launchings. 

•  An  A  tlas  D  ICBM  was  launched 
from  Vandenberg  AFB  Dec.  18  by 
a  SAC  crew  on  a  training  mission, 
but  blew  up  shortly  after  liftoff. 
There  were  no  injuries  or  damage, 
and  the  cause  for  failure  is  not 
known. 

•  Four  "secret"  satellites  were 
fired  from  West  Coast  launch  pads 
recently  by  the  Air  Force.  On 
Dec.  12,  a  Thor-Agena  booster  was 
launched  with  a  classified  payload. 
No  results  of  the  launch  were  re- 

leased. On  Dec.  14,  a  second  Thor- 
Agena  was  fired,  also  from  Vanden- 

berg AFB.  Again,  no  details  were 
released.  On  Dec.  17,  an  Atlas- Agena 
was  fired  from  Pt.  Arguello,  but 
failed  in  flight.  It  was  the  first 
USAF  admission  that  such  a  classi- 

fied launching  had  failed.  On  Dec. 
10 Circle  No.  10  on  Subscriber  Service  Cord 
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B,  a  Blue  Scout  rocket  was  launched 
I'om  Pt.  Arguello  close  on  the  heels 
f  the  successful  Transit  launch.  The 

jehicle  was  fired  at  night  and  no 
ietails  were  released  on  its  mission 

|r  performance. 
•  Two  Canadian  Black  Brant 

lounding  rockets  were  fired  from 

jVallops  Island  in  a  joint  Canada- 
J.S.  test  Dec.  13.  The  vehicles  car- 
hied  100-lb.  payloads  to  altitudes  of 
51  mi.,  NASA  said. 

c  A  Nike-Cajun  sounding  rocket 
.vas  fired  to  68  miles  altitude  from 

Andoey,  Norway,  in  a  joint  Nor- 
wegian-Danish-American test  of  the 

ionosphere  and  Northern  Lights  on 
Dec.  14. 

•  Atlantic  Missile  Range  Com- 
mander, Maj.  Gen.  Leighton  I.  Davis, 

has  announced  that  no  launchings 
will  be  conducted  during  the  holiday 
season  of  Dec.  22  to  Jan.  2,  even 

though  supporting  ground  tests  will be  carried  out. 

Review  Delays  Ranger 
An  extensive  design  review  and 

test  program  will  delay  the  next 
launch  in  the  Ranger  program  until 
the  second  half  of  1963. 

The  review  was  ordered  by  Dr. 

Homer  E.  Newell,  director  of  NASA's 
Office  of  Space  Sciences.  It  was  rec 
ommended  by  a  special  board  set  up 

to  study  the  lunar  hard-landing 
program. 

At  the  same  time,  a  shakeup  in 

the  program's  management  was  an 
nounced  by  Jet  Propulsion  Labora 
tory,   which   directs   the  program 
under  a  NASA  contract. 

JPL  said  that  lunar  and  plane- 
tary spacecraft  projects  would  be 

merged  under  a  single  manager, 
Robert  J.  Parks,  formerly  director 
of  the  planetary  program.  H.  M. 
Schurmeier  was  selected  as  the  new 
manager  of  the  Ranger  project. 

C.  I.  Cummings,  formerly  direc 
tor  of  lunar  programs,  is  temporarily 
assigned  as  an  assistant  on  the  staff 
of  the  laboratory's  director,  Dr. 
William  Pickering.  J.  D.  Burke,  for 
merly  director  of  the  Ranger  project, 
was  named  special  assistant  to  the 
new  Ranger  project  manager. 

Newell  said  that  Ranger  VI— 
scheduled  for  launch  in  the  first 

quarter  of  1963— will  not  be  flown. 
Instead,  it  will  be  subjected  to  ex- 

haustive tests.  Changes  resulting 
from  the  tests  will  be  incorporated 
into  Rangers  VII  to  /X. 

The  board's  report  was  submitted 
to  NASA  Dec.  4.  It  declared  that 

certain  improvements  could  be  made 
in  the  Ranger  spacecraft  design. 
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New  concept  forming  . 

DOD  Says  AlCBM  Is  Feasible 

Better  anti-ICBM  system  now  in  planning  stages; 

Hard  Point  Defense  and  Urban  Defense  System  weighed 

IN  A  MAJOR  SHIFT  in  strategic 
thinking,  Dept.  of  Defense  officials  now 
say  that  ICBM  defense  is  feasible — and 
worthwhile  under  certain  conditions. 

Project  Defender  research  and  sys- 
tems studies — combined  with  the  Nike 

Zeus  tests  in  the  Pacific — have  enabled 
DOD  planners  to  clarify  the  ballistic 
missile  defense  problem  to  the  extent 
that  a  new  operational  concept  is  evolv- 
ing. 

Basically,  this  concept  involves  two 
ballistic  missile  defensive  systems — a 
Hard  Point  Defense  (HPD)  system  for 
the  protection  of  ICBM  bases  and  com- 

mand and  control  posts  and  an  Urban 
Defense  System.  Nike-Zeus  is  an  ex- 

ample of  the  latter. 
A  more  effective  AlCBM  system, 

presumably  based  on  this  operational 
concept,  is  now  under  both  conceptual 
and  hardware  development,  defense  offi- 

cials say.  But  they  refuse  to  discuss  any 
aspect  of  the  development. 

Actual  development  and  deploy- 
ment of  an  AlCBM  does  not  appear 

imminent,  however.  This,  in  spite  of  the 
shift  in  attitude  on  operational  and 
technical  feasibility,  is  largely  a  matter 
of  judgment  of  timing  the  development 
of  an  optimum  system  to  meet  an  antic- 

ipated threat. 
Other  non-technical  considerations 

that  loom  large  in  the  AlCBM  question 
are  the  capability  of  the  Soviet  Union — 
both  economically  and  technically — to 
build  an  effective  AlCBM,  and  the  ef- 

fect it  might  have  on  the  Soviets  if  the 
U.S.  elected  to  build  a  ballistic  missile 
defense  system. 

•  Avoid  provocation  —  These  non- 
technical considerations,  although  not 

clearly  dominant,  are  major  factors  in 
the  Presidential  consideration  not  to 
develop  and  deploy  an  AlCBM. 

Basically,  leaders  in  the  Administra- 
tion feel  that  past  U.S.  weapon  system 

developments  have  actually  aggravated 
the  arms  race  and  contributed  to  the 
instability  of  the  deterrent  concept.  Past 
U.S.  actions,  they  claim,  have  actually 
forced  the  Soviet  Union  into  weapons 
developments  they  probably  would  not 
have  undertaken  otherwise. 

Therefore,  several  potentially  un- 
stabilizing  weapons  will  not  be  devel- 

oped and  deployed  because  of  the  con- 
viction that  such  action  will  be  met  by 
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similar  restraint  in  the  Soviet  Union. 
An  Urban  Defense  System  almost  cer- 

tainly falls  into  this  category  but,  de- 
pending on  the  nature  of  the  Soviet 

missile  threat  in  terms  of  both  warhead 
yield  and  guidance  accuracy,  the  Hard 
Point  system  may  or  may  not  fall  into 
the  "not-to-be-developed-and-deployed" class. 

(Another  class  of  weapons  delibe- 
rately not  being  developed  are  offensive 

weapons  in  space — such  as  an  orbiting 
bomb.  Deputy  Secretary  of  Defense 
Roswell  Gilpatric  has  openly  assured  the 
Soviet  Union  that  the  U.S.  is  not  de- 

veloping, and  will  not  develop,  these 
weapons  if  the  Soviets  do  not.  No  such 
public  assurances  have  been  given  on 
AICBM's,  but  this  does  not  mean  that 
private  guarantees  have  not  been  made.) 

•  But  insure  —  The  Administration 
is  hedging  its  bets  with  this  approach, 
however,  by  developing  the  technology 
necessary  for  such  weapons  should  it  be 
proved  that  the  Soviets  are  developing 
them.  This  is  the  "insurance"  that  Gil- 

patric has  cited  on  numerous  occasions 
— particularly  in  connection  with  the 
development  of  a  manned  space  inter- 
ceptor. 

As  one  official  puts  it  in  relation  to 
the  AlCBM,  "we  would  keep  a  system 
available  so  that  whenever  anyone 
wants  to  build  one"  it  would  be  an  en- 

gineering problem  and  not  a  from- 
scratch  research  program. 

The  viability  of  this  approach,  Ad- 
ministration officials  feel,  is  corrobora- 

ted by  analysis  of  the  economic  capabil- 
ity of  the  Soviet  Union  to  build  a  ballis- 
tic missile  defense  system — even  if  it 

could  solve  the  technical  problems,  a 
point  DOD  officials  will  not  concede  in 
spite  of  Soviet  boasts.  Economically, 
the  Soviets  could  build  such  a  system  if 
they  were  willing  to  completely  disrupt 
their  economic  structure  for  a  period  of 
years.  Even  in  a  planned  economy,  ad- 

ministration officials  feel,  this  would  be 
difficult  in  view  of  the  competing  de- 

mands of  agriculture,  consumer  goods 
and  undiminished  spending  on  other 
military  hardware. 

•  Hard  Point  defense — If  a  decision 
is  ever  made  to  develop  a  ballistic  mis- 

sile defense  system,  the  most  likely  can- 
didate is  the  Hard  Point.  There  are 

three  basic  reasons  for  this:  it  is  less 

by  James  Trainor 

expensive,  it  is  less  complex,  and  it 
contributes  to  the  policy  of  a  stable 
deterrent. 

From  the  very  nature  of  the  targets 
it  is  protecting — hardened  missile  sites 
and  command  and  control  centers — the 
HPD  has  less  stringent  requirements 
than  those  of  Urban  Defense.  First,  the 
area  to  be  protected  is  small  and  com- 

pact in  comparison  with  an  urban  cen- 
ter such  as  New  York  or  Detroit.  The 

hardened  sites  can  already  absorb  fan- 
tastic overpressures,  and  fallout  is  not 

a  major  problem. 
In  addition,  because  of  the  Hard 

Point's  compactness,  attacking  missiles 
must  eventually  channel  into  what  DOD 
officials  term  an  "attack  corridor  or 
threat  tube."  Over  a  hardened  target 
this  threat  tube  is  extremely  narrow, 
considerably  reducing  the  acquisition 
and  discrimination  problem  and  con- 
consequently  reducing  the  data-process- 

ing requirements. Since  the  target  is  already  hardened, 
an  additional  advantage  is  the  ability  to 
allow  for  a  lower  detonation  of  the  de- 

fensive warhead.  This  enables  the  de- 
fense to  wait  longer  before  launching 

the  AlCBM,  thus  giving  the  atmosphere 
an  opportunity  to  filter  out  decoy  ob- 

jects. 
With  these  "eased"  electronic  sys- 

tems requirements,  the  HPD  can  be 
made  smaller  and  far  cheaper  on  a  per- 
battery  basis  than  an  Urban  Defense 
system.  Even  though  the  AlCBM  site 
must  be  made  at  least  as  hard  as  the 
target  it  is  defending,  and  this  contrib- 

utes to  the  overall  system  cost  of  the 
HPD  where  it  would  not  be  a  considera- 

tion in  the  Urban  Defense  system,  the 
ratio  of  HPD  to  Urban  system  costs  is 
3  to  10.  Thus,  if  the  often-talked-about 
cost  of  development  and  deployment  of 
the  Nike-Zeus  is  $10  billion  (as  the 
Army  estimates),  the  cost  of  an  HPD 
would  be  in  the  neighborhood  of  $3 
billion. 

Comparisons  of  this  nature  are  to 
be  avoided,  however,  since  they  depend 
not  only  on  the  number  of  batteries  but 
also  on  the  acceptable  attrition  rate  for 
hardened  targets. 

An  acceptable  attrition  rate  in  the 
HPD  concept  is  probably  the  most  im- 

portant consideration,  since  what  is  ac- 
ceptable must   be   carefully  weighed 
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ZEUS  "blows  its  top,"  shedding  protective  cover  in  recent  Kwajalein  firing. 

against  ihe  relative  cost  of  attaining  this 
protection.  For  example,  an  HPD  sys- 

tem might  be  able  to  assure  protection 
of  90%  of  a  Minuteman  wing  for  a 
cost  $X  billion  while,  by  dropping  this 
percentage  perhaps  just  a  couple  of 
points,  a  system  can  be  had  for  $X-2  or 
$X-3  billion.  A  further  complication  is 
that  even  after  some  force  attrition, 
there  must  be  enough  remaining 
ICBM's  to  constitute  a  creditable  sec- ond strike  force. 

In  the  protection  of  civilian  and 
military  command  and  control  posts, 
however,  the  AICBM  must  be  pro- 

tected so  that  there  is  minimal  attri- 
tion. Although  command  posts  are 

much  harder  than  ballistic  missile  silos, 
the  defensive  problem  of  providing 
nearly  absolute  protection  differs  so 
greatly  from  the  missile  site  problem 
that  they  are  really  quite  dissimilar.  In 
fact,  defense  officials  intimate  that  a 
third  AICBM  system — an  outgrowth  of 
the  HPD — may  be  required  to  protect 
these  civil  and  military  command  posts. 

Development  of  an  HPD  system 
would  be  but  one  more  element  in  build- 

ing a  stable  second-strike  force.  With 
the  addition  of  the  AICBM,  a  first- 

strike  counter-force  attack  would  be 
made  extremely  unattractive.  Defense 
officials  say.  They  argue  that  it  would 
in  effect  decrease  the  reliability  of  the 
enemy's  missile  force  and  require  him 
to  increase  considerably  the  number  of 
missiles  in  the  attack  force. 

The  necessity  of  a  HPD  system  to 
maintain  a  stable  deterrent  in  the  future 
would  become  readily  apparent  if  the 

guidance  accuracy  of  Soviet  ICBM's 
increased  substantially  or  if  very-large- 
yield  warheads,  perhaps  in  the  100  MT 
category,  were  employed.  Also  to  be 
considered  are  assumptions  concerning 
the  Soviet  missile  inventory  and  the 
survivability  of  the  U.S.  retaliatory 
force. 

•  Urban  Defense  system — In  citing 
the  need  for  two  AICBM  systems,  De- 

fense officials  compare  their  different 
roles  to  those  of  a  fighter  and  a  bomber. 
There  is  some  overlap  in  the  fighter 
and  bomber  capabilities,  they  point  out, 
but  one  cannot  fulfill  the  mission  of  the 
other. 

In  discussions  of  urban  problems, 
however,  there  is  notably  less  enthus- 

iasm and  confidence  in  the  effectiveness 
of  an  AICBM.  As  one  Defense  official 

puts  it,  "our  concepts  are  matching  the 
threats  better  now,  but  that  doesn't  say that  we  have  arrived  at  a  solution,  just 

that  we  are  getting  closer." 
What  must  be  avoided,  they  assert, 

is  the  development  of  an  extremely  ex- 
pensive system  which,  with  minimum 

effort  and  resources,  can  be  counter- 
acted by  the  enemy.  For  considerably 

less  money,  penetration  aids  can  be 
developed  to  circumvent  an  Urban 
AICBM  system. 

DOD  officials  admit,  however,  that 
the  AICBM  problem  has  been  getting 
more  serious  consideration  in  the  De- 

fense Department  recently  than  ever 
before.  One  official  attributes  the 
change  in  attitude  to  an  accumulation 
of  test  data  from  the  Pacific  Zeus  tests, 
design  improvement  in  the  Nike-Zeus 
Urban  Defense  system  and  better  defi- 

nition of  the  possible  threat. 
Although  Nike-Zeus  is  not  a  re- 

search vehicle,  there  is  universal  agree- 
ment that,  even  if  Zeus  were  approved 

for  production  and  deployment,  a  con- 
siderable development  program  would 

have  to  be  undertaken.  This  is  primarily 
because  Zeus  is  a  constantly  changing, 
constantly  evolving  system  taking  ad- 

vantage of  all  that  is  learned  about  bal- 
listic missile  defense.  As  a  weapons  sys- 
tem, however,  its  design  would  have  to 

be  fixed  upon  and  a  3-4  year  develop- 
ment program  undertaken. 

•  Sprint:  pure  Army — One  of  the 
newest  developments  in  the  Zeus  sys- 

tem is  the  Sprint  missile  (Sprint  stands 
for  just  that)  which  will  not  replace  the 
present  Zeus  missile  but  rather  supple- 

ment it.  In  other  words,  the  Sprint  mis- 
sile will  be  part  of  the  missile  mix  in  a Zeus  battery. 

Defense  officials  are  quick  to  point 
out,  however,  that  Sprint  is  purely  an 
Army  development  which  the  Army 
feels  will  improve  the  effectiveness  of 
the  overall  Zeus  system.  It  is  not  to  be 
confused,  they  say,  with  various  open- 
end  programs  in  ARPA  designed  to 
provide  the  technology  for  extremely 
high-performance  missiles. 

Sprint  is  a  high-acceleration  missile 
which,  in  combination  with  the  Zeus 
missile,  would  allow  each  battery  to 
handle  more  targets  by  intercepting  re- 

entry bodies  closer  to  the  ground.  In 
addition,  the  missile  could  be  used  to 
destroy  warheads  after  the  atmosphere 
has  stripped  them  of  accompanying 
penetration  aids. 

Study  contracts  have  been  issued  by 
Bell  Telephone  Laboratories  —  prime 
contractor  for  the  project — to  Douglas 
Missile  and  Space  Systems  Division, 
Martin-Orlando,  and  North  American 
Aviation's  Columbus  Div.  Estimated 
cost  of  the  Sprint  development  is  $30 
million.  The  studies  are  due  for  comple- 

tion Feb.  1 .  it 
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In  interplanetary  probes  .  .  . 

Mariner  Triggers  Intensive  Activity 

Probe's  spectacular  success  lays  foundation  for  further 
exploration  of  Venus,  Mars  in  1964;  early  data  expected 

by  Hal  Taylor 

THE  SUCCESS  of  Mariner  11 
America's  greatest  space  achievement  to 
date,  means  the  certain  go-ahead  on  a 
far  more  advanced  interplanetary  ex- 

ploration program  in  1964. 
Two  fly-by  missions  of  both  Venus 

and  Mars  will  be  attempted.  A  total  of 
six  Mariner  R  spacecraft  will  be  built 
and  two  launch  pads  at  Cape  Canaveral 
will  be  utilized. 

The  flights  will  be  based  on  Mariner 
ll's  performance  and  the  excellent scientific  data  it  telemetered  back  to 
Earth  for  42  min.  before  its  closest  ap- 

proach (21,594  miles)  to  Venus  (10 
sec.  before  3  p.m.  EST  Dec.  14). 

o  Early  results  expected — NASA 
officials  declared  instruments  and  tele- 

metry worked  so  well  that  some  indica- 
tion of  Venus  temperatures  can  be  ex- 

pected possibly  by  Dec.  26,  rather  than 
in  the  six  months  some  experts  had 
anticipated. 

The  447-lb.  spacecraft  was  launched 
from  Cape  Canaveral  Aug.  27.  Three 
days  after  launch,  four  experiments  to 
measure  magnetic  fields,  cosmic  dust, 
charged  particles  and  solar  plasma  were 
turned  on.  Since  that  time,  the  four 
instruments  have  sent  back  more  than 
five  million  data  points  of  information. 

Major  findings  include  discovery  of 
a  constant  solar  wind  in  space  and  the 
determination  that  there  are  10,000 
times  more  cosmic  particles  close  to 
Earth  than  in  deep  space. 

Mariner  kept  its  date  with  destiny 
at  1:55  p.m.  EST  Dec.  14,  when  its 
two  radiometers — infrared  and  micro- 

wave— began  to  scan  the  Venus  surface 
and  report  back  its  finding  on  the 
planet's  temperature  and  atmosphere. The  scanning  period  ended  at  2:37  p.m. 
EST.  When  it  was  finished  the  $50- 
million  interplanetary  program  had  sent 
back  to  Earth  more  information  about 
Venus  than  has  been  obtained  since 
the  beginning  of  civilization. 

NASA  officials  hailed  it  as  Amer- 

ica's greatest  scientific  achievement  and 
a  major  victory  over  Russia  in  the  space 
race.  It  also  set  a  long-distance  com- 

munications record  of  36  million  miles. 

Data  from  the 
radiometers  is  ex- 

pected to  determine 
whether  any  form 
of  life  is  possible 
on  Venus.  Experi- 

ments on  Earth 
have  indicated  that 
the  highest  temper- 

ature in  the  planet's 
atmosphere  is  600° F.  If  this  is  con- 

firmed by  Mariner, 
no  life  is  possible. 

The  spacecraft 
is  now  in  orbit 
around  the  Sun 
with  a  period  of 
345.9  days. 

The  spacecraft 
is  still  sending  re- 

ports from  its  four 
scientific  experi- 

ments. How  long 
this  will  continue 
depends  on  how 
well  the  Earth  sen- 

sor retains  its  lock 
on  this  planet,  and 
on  temperatures  in- 

side the  spacecraft. 
•  Temperatures 

a  problem  —  High 
temperatures  were 
a  problem  through- 

out the  flight  and 
for  a  time  threat- 

ened its  success. 
Temperature  of  the  battery  recently 
registered  135°  F.  Earlier,  JPL  scien- 

tists had  estimated  that  130°  F  was  the 
absolute  maximum  temperature  that  it 
could  survive.  Other  high  temperatures 
registered  by  spacecraft  components  in- 

clude Earth  sensor,  165°  F,  and  solar 

panel,  255°  F. The  temperature  problem  will  have 
to  be  solved  before  NASA  can  begin  to 
firm  up  its  plans  for  the  1964  inter- 

planetary missions. 
NASA  now  plans  to  launch  the  two 

Venus  fly-bys  early  in  1964.  Two  Atlas 
Agena  launch  pads  at  Cape  Canave-al 

LAUMCH  OF  Mariner  11  Aug.  27  aboard  Atlas-Agena. 

will  be  used  so  the  two  launches  can  be 

made  in  the  short  two-week  "launch 
window."  Two  Mars  fly-bys  will  be  at- 

tempted late  in  the  same  year  using  the 
same  launch  pads.  Of  the  six  Mariner  R 
spacecraft  required,  four  will  be  flight 
models  and  two  will  be  test  vehicles. 

Experiments  for  the  two  Venus 
flights  are  currently  being  formulated. 
They  will  be  closely  similar  to  the 
Mariner  11  instruments,  but  their  ranges 
will  probably  be  refined  so  that  they 
will  provide  more  information.  For  the 
Mars  flights,  it  is  likely  that  an  attempt 
will  be  made  to  take  TV  pictures  of  the 
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PATH  OF  Mariner  II  during  Dec.  14  Venus  fly-by  depicted  in  artist's  conception. 

planet's  mystery-shrouded  surface. 
In  preparation  for  the  1964  flights, 

NASA  will  shortly  begin  an  extensive 
life  test  program  using  a  Mariner  R 
spacecraft  left  from  the  1962  program. 

•  Future  temperature  controls — JPL 
engineers  are  already  considering  heat- 
control  measures  they  will  use  on  the 
two  Mariner  vehicles  to  be  launched 
toward  Venus.  No  final  decisions  will 
be  reached  until  all  the  data  from  the 
flight  of  Mariner  II  have  been  exhaus- 

tively analyzed.  To  a  large  extent  it  will 
be  possible  to  avoid  the  excessive  tem- 

peratures of  Mariner  II  by  altering  the 
reflective  paint  patterns  on  the  various 
components. 

Thermal  shields  will  probably  be  in- 
stalled to  shade  some  components  from 

the  direct  rays  of  the  sun.  Thermostat- 
ically controlled  louvres  on  sides  away 

from  the  sun  are  likely  to  be  used  more 
widely  than  on  Mariner  II. 

By  opening  and  closing  in  response 
to  internal  temperature  changes,  these 
increase  and  decrease  the  rate  at  which 
heat  is  radiated  into  cold  space.  JPL 
spacecraft  designers  are  not  enthusiastic 
about  either  of  these  solutions,  regard- 

ing them  as  "brute  force  engineering." 
Their  additional  weight  would  be  sub- 

tracted from  the  payload. 
Mariner  H's  spectacular  success  rep- 

resents a  major  triumph  over  a  long 
series  of  obstacles  both  before  and  after 
its  launch. 

With  only  10  months  remaining 
before  the  54-day  Venus  launch  period 
which  occurs  every  19  months,  JPL 
scientists  began  a  crash  program  to 
redesign  the  entire  spacecraft. 

The  result:  All  experiments  orig- 
inally included  in  the  spacecraft  mis- 

sion were  retained,  although  not  as 
elaborately  as  first  conceived. 

Spacecraft  systems  worked  smoothly 
for  the  first  week,  but  on  Sept.  3 
tracking  data  indicated  the  spacecraft 
would  miss  Venus  by  223,000  miles. 

•  Critical  maneuver  —  The  mid- 
course  guidance  correction  was  at- 

tempted one  day  later.  To  achieve  it, 
the  spacecraft  had  to  roll  through  nine 
degrees,  turn  over  through  about  140 
degrees  and  turn  on  its  rocket  engine 
in  order  to  boost  its  speed  by  90  ft.  per 
second.  The  whole  maneuver  took  four 
hours. 

It  was  only  partially  successful. 
NASA  announced  that  the  spacecraft 
would  miss  Venus  by  some  20,000  miles 
compared  to  the  9000-mile  planned 
fly-by. 

On  Sept.  8.  a  disturbance  moment- 
arily knocked  the  spacecraft  out  of  its 

attitude  control.  It  is  still  not  known 
whether  it  was  caused  by  a  meteoroid 
or  an  electrical  malfunction.  It  lasted 
only  seconds  before  the  spacecraft 
righted  itself. 

Another  problem  arose  on  Sept.  29. 

missiles  and  rockets,  December  24,  1962 

Roll  control  of  the  spacecraft  was  lost 
for  a  few  minutes  because  of  a  malfunc- 

tion in  the  Earth  sensor. 
On  Oct.  31,  the  spacecraft  was  again 

beset  by  a  technical  ill  that  lasted 
throughout  the  remainder  of  its  mission. 
An  electrical  short  developed  in  one 
of  the  solar  panels.  For  a  week  all 
scientific  experiments  were  turned  off 
while  the  short  was  checked.  The  short 
corrected  itself  and  the  experiments 
were  turned  back  on.  Seven  days  later 
the  short  was  again  present,  and  it  per- 

sisted through  the  rest  of  the  flight. 
Officials  said  that  sufficient  redundancy 
in  the  power  system  enabled  the  space- 

craft to  continue  to  operate. 
A  major  problem — and  one  which threatened  the  success  of  the  mission 

right  up  to  the  moment  of  the  Venus 
fly-by — was  the  unexpected  overheat- 

ing of  on-board  spacecraft  components 

as  its  long  flight  took  it  closer  to  the Sun. 

•  Closing  in — At  8:35  a.m.  EST 
Dec.  14,  however,  the  Goldstone  Track- 

ing Station  in  the  California  desert 
flashed  a  radio  command  to  Mariner 
II  across  36  million  miles  of  space  as 
the  spacecraft  neared  Venus. 

Six  and  a  half  minutes  later,  Gold- 
stone  received  verification  that  the 
spacecraft  had  received  and  acted  on 
the  command  and  that  the  two  radiom- 

eters on  board  had  started  to  scan. 
The  spacecraft  also  went  into  the  Venus 
encounter  mode — in  which  it  shifted 
from  sending  mixed  science  and  en- 

gineering telemetry  to  transmission  of science  telemetry  only. 

At  1:55  p.m.  EST,  the  two  radiom- 
eters— infrared  and  microwave — began 

to  scan  the  cloud-covered  planet.  This 
lasted  42  minutes — until  2:37  p.m.  3 



Failure  delays  program  .  .  . 

Relay  Power  Rejuvenation  Unlikely 

Low-altitude  ComSat  is  victim  of  low  battery 

voltage;  cause  still  under  study  by  Goddard  scientists 

A  POWER-SYSTEM  malfunction 
has  probably  killed  NASA  plans  to  con- 

duct communication  experiments  with 
its  low  altitude  Relay  satellite. 

The  unsuccessful  flight  is  also  ex- 
pected to  delay  the  second  launch  in  the 

series  until  the  second  quarter  of  1963 
at  the  earliest. 

The  active  ComSat  was  launched 
with  an  improved  Delta  booster  Dec. 
13.  The  low  battery  voltage  was  dis- 

covered when  the  first  test  of  the  satel- 
lite was  attempted  in  its  fifth  orbit. 
Scientists  at  the  Goddard  Space 

Flight  Center  were  still  studying  tele- 
metry data  last  week  in  an  attempt  to 

detail  the  cause  of  the  low  power  sup- 
ply. 

•  Failure  cause  uncertain  —  They 
have  ruled  out  failure  in  the  battery  or 
solar  cells. 

A  defect  in  the  system's  circuitry was  blamed,  but  no  decision  has  been 
made  as  to  the  specific  cause  of  the  prob- 

lem. Spurious  command  signals  or  a 
faulty  regulator  was  considered  possible. 

Goddard  scientists  were  still  hopeful 
that  the  power  system  would  snap  back, 
but  this  became  more  and  more  remote 
as  the  time  during  which  its  batteries 
were  not  recharged  lengthened. 

A  backup  spacecraft  is  available 
and  could  be  launched  as  early  as  six 
weeks  after  Relay  I.  Some  time  will 
probably  be  lost  in  an  effort  to  insure 
Relay  I  malfunction  will  not  be  re- 

peated. Further  delay  will  also  be  forced 
by  the  scheduled  launch  of  the  high 
altitude  Syncom  communications  satel- 

lite in  mid-January.  If  it  is  successful, 
NASA  will  probably  put  off  the  Relay 
flight  until  experiments  and  tests  on 
Syncom  are  completed. 

Relay  was  expected  to  add  to  the 
space-communications  technology  devel- 

oped by  the  successful  launch  of  AT&T's Telstar  satellite.  While  both  are  low- 
altitude  satellites,  Relay  is  far  heavier 
and  has  more  communication  channels. 

Relay  I  marked  the  first  flight  of  the 
Delta  DSV-3B,  which  is  destined  to 
become  the  workhorse  of  the  Space  Age 
(M&R,  Sept.  24,  p.  28).  It  was  the 
14th  straight  Delta  success. 

The  new  vehicle  combined  the  more 
powerful  first-stage  Thor  booster,  which 

DELTA  LAUNCH  vehicle  lifts  Relay. 

delivered  165,000  pounds  of  thrust,  and 
the  improved  second  stage  which  pro- 

vided an  additional  45  sec.  of  burn 
time. 

All  three  stages  performed  normally 
and  the  Relay  orbit  of  819-4612  miles 
closely  approximated  the  planned  orbit 
of  700-4500  miles.  The  orbital  time  of 
3  hrs.,  5.09  min.  was  near  the  planned 
3  hrs.,  4  minutes. 

A  considerable  portion  of  the  space- 
craft's 172  lbs.  is  given  to  the  power 

supply  system.  In  the  67.02-lb.  system 
are  eight  solar  panels  with  8215  P-on-N 
silicon  cells,  three  battery  systems  con- 

nected in  parallel,  three  charge  con- 
trollers, voltage  and  discharge  limiters. 

one  low-power  and  two  high-power 
regulators,  and  a  timer  to  turn  off  the 
spacecraft  after  one  year. 

Each  of  the  P-on-N  silicon  solar 
cells  is  covered  with  60  mils  of  fused 
silica  for  radiation  protection.  The  bat- 

teries include  60  nickel-cadmium  cells. 
A  4  by  5-in.  patch  of  30  solar  cells 

on  the  side  of  one  panel  is  to  provide 
a  comparison  for  checking  radiation 
damage  to  cells. 

Six  radiation  detectors  also  point 
out  through  openings  in  solar  panels 
covering  all  sides  of  the  spacecraft  to 
provide  additional  checks  on  radintion 
intencities  in  space. 

Internal  temperature  of  the  space- 
craft is  controlled  by  a  set  of  vanes 

that  are  to  permit  excess  heat  to  escape. 
The  vanes  are  activated  by  a  hydraulic 
system  that  depends  on  a  gas-filled  bel- 

lows to  reflect  temperature  variations. 
A  speed  of  150  rpm  was  scheduled 

to  control  spacecraft  attitude  in  flight, 
but  a  magnetic  torquing  coil  was  car- 

ried to  permit  trimming  the  attitude 

through  reaction  with  the  Earth's  mag- netic field.  A  sun-aspect  indicator  and 
horizon  scanners  are  to  establish  the 
attitude  for  a  telemetry  report  to  the 

ground. 
The  10-watt  traveling  wave  tubes 

carried  on  Relay  are  designed  to  pro- 
duce four  times  as  much  power  as 

Telstar  and  to  expand  Telstar's  U.S.- Europc  television  link  to  include  South America. 

The  network  of  stations  is  to  in- 
clude Andover,  Me.;  Nutley,  N.J.;  and 

Mojave,  Calif.;  Rio  de  Janeiro,  Brazil; 
Goonhilly,  England;  Pleumeur  Bodou. 
France;  Raisting,  Germany,  and  Fucino, 
Italy.  Japan  is  to  be  added. 

•  Transmission  plans — Initial  trans- 
mission plans  called  for  wideband  be- 

tween the  U.S.  and  Europe  and  narrow- band between  the  U.S.  and  South 
America.  There  will  be  no  television 
transmission  to  Brazil  until  Brazil  has 
TV-reception  capability. 

Spokesmen  for  RCA,  which  devel- 
oped and  manufactured  Relay,  said  the 

importance  of  providing  relatively  high 
power  was  the  key  factor  governing 
construction  of  the  spacecraft. 

They  said  this  established  the  size 
of  the  power  source,  and  the  spacecraft 
was  designed  to  provide  as  large  an 
external  surface  as  possible  that  could 
be  contained  in  the  Delta-nose  fairing 
for  the  large  array  of  solar  cells. 

RCA  and  Goddard  spokesmen  said 
a  second  Relay  spacecraft  is  being 
tested  preparatory  to  launch  in  the  sec- 

ond quarter  of  1963.  A  third  Relay. 
originally  intended  as  a  backup  for 
Relay  II,  is  now  being  fabricated  in  an 
RCA  plant. 

Principal  changes  planned  in  the 
second  vehicle  now  call  for  a  change 
from  the  P-on-N  to  the  N-on-P  type 
of  solar  cells. 
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Awards  may  come  in  April .  .  . 

Solid  Program  Strictly  Demonstration 

No  prime  contractor  envisioned;  final  motor  may  be  over  300  in.; 

156-in.  units  likely  to  be  used  for  sub-scale  tests;  work  to  spread 

INDUSTRY  WINNERS  in  the  up- 
coming large-solid-booster  demonstra- 

tion competition  may  face  a  facility 
squeeze — no  funding  is  slated  for  260- 
in.  installations  initially,  yet  they  are 
necessary  to  meet  the  proposed  fabrica- 

tion and  firing  of  the  big  motors. 
The  proposed  systems  package  plan 

is  now  going  through  final  review  stages, 
and  if  everything  goes  perfectly,  con- 

tracts should  start  coming  out  about 
April,  1963.  Details  of  the  program  are 
not  available  but  it  is  known  that: 

—There  will  be  no  prime  contrac- 
tor. Instead,  there  will  be  one  or  more 

"main  line"  efforts  directed  toward  the 
construction  and  firing  of  large  solid 
motors  in  the  260-in.  class.  The  260-in. 
designation  is  not  fixed;  the  final  motor 
might  be  larger — in  the  300-325-in. 
area.  The  potential  exists,  say  NASA/ 
AF  officials. 

—Maximum  use  will  be  made  of 
existing  propellant  facilities,  skills  and 
hardware. 

—The  demonstration  program  will 
involve  sub-scale  firings  and  this  is 
taken  to  mean  sub-length  156-in.  units. 
AF/NASA  officials  say  120-in.  compo- 

nents such  as  nozzles  are  too  small  for 
meaningful  data  directed  toward  260-in. 
units,  while  the  156-in.  size  meets  the 
requirement.  But  the  120-in.  program  is 
expected  to  provide  data  in  many  areas. 

—Waterside  facilities  are  a  neces- 
sity, particularly  in  the  second  phase  of 

the  program — the  260-in.  fabrication. 
—Design  flexibility  will  be  called 

out,  as  in  tail-off  times,  for  instance. 
«  Low-level  effort  —  Both  NASA 

and  Air  Force  officials  emphasize  the 
demonstration  nature  of  the  proposed 
program — there  is  no  development  in- 

volved at  this  time.  The  waterside  site 
factor  is  not  going  to  be  spelled  out  in 
the  proposal  requests  nor  will  there  be 
any  mention  of  new  facilities. 

There  is  an  extreme  reluctance  on 
the  part  of  the  Air  Force  to  appear  to 
be  advancing  a  new  breed  of  boosters, 
even  to  the  avoidance  of  using  the  term 
Nova.  The  big  solid  program  is  aimed 
at  establishing  the  feasibility  of  the  huge 
boosters  while  taking  advantage  of  the 
current  Titan  III  solids  effort.  There 

seems  to  be  some  chance  of  more  than 
one  or  two  260-in.  firings,  but  this  de- 

pends on  progress  during  the  first  18 
months  of  the  program. 

The  large  solids  plan  is  an  Air  Force 
program  arising  from  the  recent  DOD/ 
NASA  agreement.  It  will  be  managed 

by  USAF  Systems  Command's  Space 
Systems  Div.  NASA  requirements  in- 

volved are  general  and  call  for  units  in 
the  6-to-7-million-lb.  thrust  range.  The 
final  vehicle  currently  envisioned  will 
cluster  four  of  the  huge  solids. 

First  phase  of  the  work  will  cover 
sub-scale  developments  including  the 
building  of  short,  156-in.  segmented 
units.  These  motors  will  be  amenable  to 
test  firings  on  any  test  stands  capable 
of  handling  the  120-in.  class. 

Nozzle,  thrust  vector  control  and 
other  inert  components  development 
will  parallel  sub-scale  work.  While  the 
entire  program  will  be  geared  to  state- 
of-the-art  technology,  innovations  with 
reasonable  assurance  of  success  will  be 
funded  on  a  limited  basis. 

Most  subcontracts  probably  will  be 
issued  by  the  main  line  contractors,  but 
certain  items  might  be  funded  sepa- 

rately by  the  Air  Force  as  the  program 
moves  along.  This  would  be  done  in 
much  the  same  manner  as  with  certain 
components  in  the  100-in.  motors  fired 
over  the  past  18  months. 

NASA  will  be  intimately  involved 
throughout  the  demonstration  program. 
There  is  some  talk  of  setting  up  review 
committees  designed  to  keep  the  space 
agency  abreast  of  developments  and 
permit  changes  as  the  general  areas  of 
technology  advance. 

•  Spreading  the  work  —  Bits  and 
pieces  of  the  large  solid  demonstration 
package  probably  will  be  spread 
throughout  the  solid-propellant  indus- 

try, but  the  exact  nature  of  the  pro- 
posal request  is  not  known.  Several 

firms  have  made  moves  in  anticipation 

of  the  RFP's.  Aerojet-General's  break- 
ing ground  in  Florida  this  month  is  the 

most  recent. 
The  General  Tire  subsidiary  an- 

nounced its  plans  in  November  to  build 
a  multimillion-dollar  solid  propellant 
plant  on  a  75,000-acre  waterside  site 

south  of  Miami.  Scheduled  for  opera- 
tion in  the  spring  of  1964,  the  plant  will 

initially  have  the  capacity  to  satisfy 

what  Aerojet  terms  "near  future"  re- 
quirements but  with  a  built-in  expan- 

sion potential. 
The  same  firm  recently  held  a  meet- 
ing with  representatives  of  shipbuilding 

and  other  fabricators  of  large  metal 
structures.  The  two-day  affair  was  to 
acquaint  these  firms  with  the  stringent 
requirements  anticipated  in  handling 
motor  case  and  nozzle  work  for  large 
solids. 

The  firms  involved  were  Bethlehem 
Steel  and  Shipbuilding,  Kaiser  Aircraft 
and  Electronics,  Chance  Vought,  Cur- 
tiss-Wright,  Todd  Shipyards,  Electric 
Boat  Div.  of  General  Dynamics,  Mar- 

tin Co.,  Ingalls  Shipbuilding,  New  York 
Shipbuilding,  Willamette  Iron  and  Steel, 
Westinghouse  Astronuclear,  Sun  Ship- 

building and  Drydock,  Douglas  Aircraft 
and  the  Prosperity  Co. 

The  representatives  attended  ses- 
sions on  X-ray,  radiographic  and  hydro- 

test  procedures  used  in  the  normal  pro- 
pellant production  business  of  Aerojet. 

Other  lectures  covered  the  special,  high- 
strength  metals  involved  in  booster 
cases  and  the  manufacturing  techniques. 

Some  of  the  attendees  were  already 
well  versed  in  solid  rocket  case  tech- 

nology. Curtiss-Wright  currently  builds 
both  Minuteman  and  Pershing  vessels; 
Chance  Vought  handles  the  Scout. 

Aerojet  spokesmen  say  some  of 
these  firms  will  be  invited  to  join  in 
bidding  for  the  large  booster  program. 

Thiokol  Chemical  has  also  moved  in 
this  direction  with  its  Georgia  tract  and 
the  creation  of  its  Alpha  Group.  Both 
firms  have  been  pushing  for  a  large 
solid  program  for  years. 

Hercules  Powder,  Lockheed  Propul- 
sion and  the  Solid  Rocket  Division  of 

North  American's  Rocketdyne  Div.  are 
also  expected  to  bid  in  some,  if  not  all, 
areas.  United  Technology  Center,  al- 

ready deeply  involved  in  the  Titan  III 
120-in.  strap-on  booster  program,  is 
known  to  be  especially  interested  in  the 
segmented  156-in.  aspects  of  the  pro- 

gram but  has  not  yet  shown  any  inclina- 
tion to  limit  itself  to  tihs  phase.  8 
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Titan  III  awards  soon  .  .  . 

AF  Ponders  Big-Solid  AGE  Problems 

Study  contract  to  American  Machine  &  Foundry  aimed  at  defining 

current  capabilities  and  future  needs  for  handling  and  launching 

by  Michael  Getler 

FINAL  CONCEPTS  for  the  Inte- 
grated Transfer  and  Launch  (ITL)  of 

Titan  HI  are  now  being  worked  out  by 
the  Space  Systems  Division  of  the  Air 
Force  Systems  Command,  the  Martin 
Co.,  United  Technology  Center,  Aero- 

space Corp.,  and  the  Ralph  M.  Par- 
sons Co.  (architecture  and  engineering 

contractors). 
Contracts  for  aerospace  ground 

equipment  (AGE)  are  expected  to 
come  from  the  prime  contractors  early 
next  year.  There  are  indications  that 
the  Martin  Co.  may  issue  its  first  re- 

quests for  proposals  on  the  ground 
transporter  next  month. 

Meanwhile,  a  document  which  could 
became  a  veritable  AGE  "bible"  for 
upcoming  space  programs  requiring 
large  solid-fuel  boosters  is  being  put 
together  by  American  Machine  &  Foun- 

dry's Government  Products  Group  in Stamford,  Conn. 
Working  under  an  $81,000  contract 

from  the  Air  Force  Flight  Test  Center 
at  Edwards  AFB,  Calif.,  AMF  engineers 
are  preparing  a  comprehensive  run- 

down on  the  entire  scope  of  suppon 
equipment  required  for  solid  boosters 
ranging  in  motor  diameter  from  65  to 
300  in.,  and  including  both  segmented 
;ind  unitized  design  approaches. 

AMF  says  the  sheer  size  and  weight 
of  these  motors  (see  table),  especially 
those  in  the  260-in.  category  and 
beyond,  will  tax  the  capacity  of  facility 
planners  and  create  a  new  surge  of 
R&D  by  AGE  suppliers. 

United  Technology  Center  is  a  sub- 
contractor to  AMF  on  the  study,  sup- 

plying details  on  solid-fuel  propellants 
which  affect  development  of  equipment 
to  handle  the  boosters. 

Project  manager  at  Edwards  is  Lee 
R.  Thompson;  at  AMF,  Bernard  Lon- 

don, manager  of  the  firm's  ground  sys- tems department. 
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•  Current  guide — Basically,  the  AF- 
AMF  study  will  provide  in  one  place 
an  up-to-date  statement  as  to  which 
future  space  programs  are  likely  to  re- 

quire solid  boosters,  what  the  current 
weights  and  dimensions  of  these  vehi- 

cles are,  what  type  of  equipment  is 
needed  to  handle  them,  how  much  of 
this  is  available,  and  how  much  will 
have  to  be  developed. 

Since  the  AGE  required  for  these 
programs  is  intimately  tied  to  site  lay- 

out, the  study  will  reflect  the  latest  AF 
and  NASA  thinking  on  facilities  for 
various  projects.  AMF,  which  has  an 
extensive  background  in  site  develop- 

ment (Atlas  and  Titan  1  silo-launch 
systems,  and  Projects  Hydra  and  Phoe- 

nix) is  also  expected  to  contribute. 
Though  the  study,  which  began  in 

May,  is  being  made  under  Edwards' 
sponsorship,  the  final  report — due  in 
April — is  likely  to  be  widely  dissemi- 

nated throughout  all  AF  weapons  and 
space  systems  planning  offices,  NASA, 
solid-fuel  motor  prime  contractors,  and 
GSE  firms  servicing  the  industry. 

In  its  final  form,  the  report  should 
contain — in  addition  to  the  handling 
requirements  and  program  data — the 
most  complete  listing  of  ground  sup- 

port firms,  what  they  have,  what  their 

MA  TING  of  the  two 
solid-fuel  UTC  mo- 

tors with  liquid-fuel 
Titan  11  core  is 
shown  in  this  AMF 
artist's  drawing.  En- tire unit  is  then 
moved  to  the  pad. 
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AFT  CLOSURES  and  nozzles  are  mated  as  first  step  in  assembling  giant  Titan  111.  AJt 
closure-nozzle  assembly  (left)  in  UTC  artist's  drawing  is  ready  to  be  moved  to  nearby 
Solid  Motor  Assembly  Building,  where  it  will  be  joined  with  four  other  segments  to  com- 

plete a  120-in.  dia.  booster.  Two  such  boosters  will  give  2-million  lbs.  of  thrust. 

equipment  capabilities  are,  what  is  on 
the  drawing  boards,  and  an  evaluation 
of  these  new  designs.  For  the  industry, 
the  report  should  provide  a  guide  to 
the  projected  programs  and  a  clue  as 
to  where  R&D  money  can  best  be  spent. 

How  thoroughly  the  final  report  will 
treat  the  overall  AGE  situation  de- 

pends to  a  great  extent  upon  informa- 
tion supplied  by  the  equipment  pro- 

ducers. In  May,  at  the  outset  of  the 
study,  AMF  contacted  about  400  firms 
and  requested,  among  other  things,  de- 

tails on  new  equipment  and  techniques 
either  planned  or  under  development. 
Early  response  was  good,  but  some 
firms  apparently  were  reluctant  to  pro- 

duce proprietary  information  in  the 
interests  of  a  complete  AF  study. 

This  was  said  to  be  mostly  among 
larger  firms  with  substantial  informa- 

tion-gathering services  of  their  own. 
However,  as  the  study  gained  momen- 

tum, the  problem  faded.  AMF  now 
reports  that  virtually  100%  response 
has  been  achieved. 

•  New  advances — In  some  cases, 
AMF  reports,  information  received 
from  industry  has  already  uncovered 
what  appear  to  be  solid  advancements 
in  very-heavy  lifting  (600  tons)  equip- 

ment and  radiological  propellant-inspec- 
tion  techniques. 

The  AMF  study  now  centers  upon 
the  AF's  624A  (Titan  III),  NASA's 
Advanced  Saturn,  and  a  solid-fuel  ver- 

sion of  Nova.  The  report,  which  is  said 
to  be  continually  updated,  was  also 
amended  to  list  the  AGE  requirements 
for  a  possible  solid-fuel  version  of  the 
Saturn  C-l  first  stage. 

Of  these  programs,  the  first  one 
likely  to  go  into  actual  hardware  re- 

quirements will  be  the  AF's  624^4  proj- 
ect, involving  the  mating  of  two  120-in. 

solid  fuel  booster  engines  with  the 
liquid-fuel  Titan  II  booster. 

Pending  final  ITL  concepts,  AMF 
has  included  some  of  its  own  ideas  on 
what  a  Titan  III  launch  complex  might 
look  like  in  the  EAFB-sponsored  study. 
These  concepts,  with  some  modifica- 

tions in  the  R&D  launching  phase,  are 
reported  to  be  fairly  close  to  the  ex- 

pected final  ground  system  design. 
Project  directors  say  earlier  AMF 
studies  of  ground  systems  for  Project 
Phoenix  laid  much  of  the  base  upon 
which  the  Titan  III  complex  is  evolving. 

•  AMF  design — The  firm's  original 
proposal  on  the  heavy  solids  study  con- 

tract envisioned  two  distinct  ground 
systems  for  Titan  III — one  for  rela- 

tively low  launch  rates  up  to  10  per 
year  during  the  R&D  phase,  and  another 
for  the  higher  rates  between  10  and  100 
annually  which  could  be  expected  dur- 

ing operational  usage.  Overall  site  de- 
sign also  includes  adapting  R&D  equip- 

ment and  facilities  wherever  possible. 

The  low  launch  rate  system,  accord- 
ing to  AMF,  involves  erecting  the 

Titan  III  solid  motors  on  individual 
transporters  within  a  universal  mobile 
service  tower  on  the  launch  pad.  After 
assembly,  the  solid  motors  will  be  trans- 

ferred to  storage  facilities,  and  the 
liquid  stage  assembled  on  the  launch 
pad  with  the  aid  of  the  service  tower. 
When  the  liquid  staging  assembly  is 
completed,  the  solid  motors  will  be 
returned  to  the  pad  and  attached  to  the 
liquid  asssemblies.  The  mobile  service 
tower  will  then  retract  and  the  complete 
vehicle  will  be  ready  for  launching. 

For  higher  launch  rates,  liquid 
stages  will  first  be  brought  to  an  inte- 

gration building  to  be  checked  out, 
assembled,  and  mated  to  a  transporter 
platform.  This  platform  includes  the 
umbilical  tower;  all  connections  be- 

tween the  liquid  stages  and  the  umbilical 
tower  are  accomplished  in  the  integra- 

tion building.  Solid  components  will 
first  be  brought  to  a  separate  facility 
to  be  inspected  and  stored  until  ready 
for  assembly.  After  solid  segments  are 
assembled  into  complete  motors  at  this 
facility,  the  parallel  mounting  of  liquid 
stages  and  solid  propellant  motors  will 
be  accomplished  on  transporters  in  an 
intermediate  station.  Here  preliminary 
checkout  of  various  solid  motor  func- 

tions— including  thrust  vector  control 
system,  ignition  system,  and  destruct 
system — will  occur. 

Finally,  the  transporter  will  move 
to  an  essentially  bare  launch  area  with 
the  platform  serving  as  the  launch  ped- 

estal. AMF  says  only  simple,  direct 
connections  between  the  bottom  of  the 
umbilical  tower  and  the  pad  facilities 
are  required  for  a  final  vehicle  confi- 

dence check  and  countdown.  Storable 
liquid  propellants  will  be  brought  to  the 
launch  pad  by  tank  cars  via  the  trans- 

porter track  network. 
AMF  engineers  point  out  that  the 

flexibility  of  the  transporter  devices  in 
the  system  could  allow  mating  of  solid 
and  liquid  portions  at  more  than  one 
location  (at  an  intermediate  station  or 
right  at  the  launch  area) — depending 
upon  which  was  more  favorable  with 
respect  to  time  and  complexity.  They 
also  note  that  gantry  equipment  devel- 

oped for  R&D  mating  of  systems  could 
also  be  used  to  speed  solid-motor  assem- 

bly during  operational  launchings. 

TENTATIVE  GROUPINGS  BASED  ON  MOTOR  DIAMETER  RANGE 

DIAMETER 
RANGE 
INCHES 

SEGMENTED  APPROACH UNITIZED  APPROACH 

MAX.  HEIGHT 
(PER  SEGMENT) 

INCHES 

MAX.  WEIGHT 
(PER  SEGMENT) 

POUNDS 

MAX.  HEIGHT 
(PER  MOTOR) FEET 

MAX.  WEIGHT 
(PER  MOTOR) POUNDS 

65-130 
1 30  -  1 80 
1 80  -  300 

300  &  greater 

160 

300 
360 
480 

120.000 
400,000 
750,000 

2,000,000 

100 120 
150 
150 

1.000,000 
2,000,000 
5,000,000 10,000,000 
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Here  is  the  portable  recorder  you've  been  waiting 
for:  the  new  Ampex  FR-1300.  It  offers  all  the 
performance,  all  the  reliability  of  much  larger 
rack-mounted  instrumentation  recorders.  Yet 
it  fits  into  a  portable  case  only  24  inches 

tall.  In  fact,  it's  so  compact  and  lightweight 
that  you'll  find  yourself  treating  it  like  any standard  piece  of  laboratory  or  test  equipment; 
moving  it  from  job  to  job  or  lab  to  lab.  And 
just  look  at  all  you  get:  14  tracks,  Direct  and 
FM  recording,  six  electrically  selected  speeds, 
22  Circle  N 

recording  capability  from  300  cps  to  300  KC  at 
60  ips— and  all  solid-state  electronics  through- 

out, all  packaged  in  one  portable  case.  The 
FR-1300  also  features  a  built-in  capstan  servo 
system  to  guarantee  accurate  tape  speeds,  with- 

out the  need  for  an  accessory  motor  drive 
amplifier.  For  more  details  write  the  only  com- 

pany providing  recorders,  tape  and  memory  de- 
vices for  every  application:  Ampex  Corporation, 

934  Charter  Street,  Redwood  City, 
California.  Worldwide  sales,  service. 

Subscriber  Service  Cord 



Technical  Countdown 

ADVANCED  MATERIALS 

New  Ta-W-Hf  Alloy  By  Westinghouse 

An  alloy  with  high  strength  capability  from  near  absolute 
zero  to  white  heat  and  room-temperature  workability  will 
soon  be  in  pilot  plant  production  at  Westinghouse  Electric. 
Designated  T- 111,  the  alloy  consists  of  tantalum,  tungsten 
and  hafnium,  and  has  an  operating  range  between  2000° 
and  3500°F.  Ductility  extends  down  to  — 452°F.  Not  a 
lightweight  metal,  the  alloy  can  be  welded  or  fabricated  with 
"relative  ease,"  say  Westinghouse  researchers,  and  even 
cold-rolled  at  room  temperature.  The  development  is  a  re- 

sult of  four  years  of  Navy-sponsored  research.  Present 
plans  call  for  availability  in  most  mill  shapes  from  the  firm's Blairsville,  Pa.,  plant. 

Nitro  Polymer  Moves  Into  Continuous  Mix 

Aerojet-General  is  running  the  high-energy,  nitro-poly- 
mer,  Polaris  A-3  propellant  through  its  continuous-mix  pro- 

duction facility,  The  upgraded  propellant  aids  in  pushing  the 
Polaris  to  its  2400-mile  ultimate  range.  The  continuous-mix 
plant  has  been  in  operation  for  five  years,  producing  poly- 
urethane  propellant  for  the  A-l  and  A-2  missiles.  Its  high 
safety  potential  derives  from  the  fact  that  only  20  lbs.  of 
propellant  are  under  preparation  at  any  one  time.  Batch 
processes  usually  handle  up  to  2200  lbs.  in  any  one  instance. 
The  firm  also  crossed  the  100-million-lb.  mark  in  propellant 
production  recently. 

Wyman-Gordon  Forging  Dyna-Soar  Members 

The  primary  load-carrying  structural  members  of  the 
Air  Force's  X-20  {Dyna-Soar)  re-entry  glide  vehicle  are 
being  forged  in  Wyman-Gordon's  secrecy-shrouded  North 
Grafton,  Mass.,  plant.  The  material  used  is  Rene  41,  a  high- 
strength  superalloy  forming  the  X-20's  "cage"  structure. 
Since  the  Dyna-Soar  depends  on  radiation  to  remove  fuselage 
heat,  structural  members  must  meet  exact  metallurgical  and 

forming  specifications.  Wyman-Gordon's  USAF  plant  houses 
a  50,000-ton  press,  the  largest  in  the  world.  The  plant 
also  forms  parts  for  the  AEC,  hence  the  extreme  security 
precautions. 

Teflon  Hose  Stress-Cracking  Avoided 

A  new  process  for  producing  thin-wall  Teflon  extrusions 
for  the  innercore  of  wire-braided  hose  vastly  increases  the 
material's  resistance  to  stress-cracking.  Developed  by  Titeflex 
after  a  three-year  research  effort,  "ZE"  (Zero-Effusion)  in- 

nercore produced  through  the  proprietary  process  has  under- 
gone intensive  testing.  While  current  hoses  easily  meet 

aircraft  specifications,  the  trend  toward  higher  system  oper- 
ating temperatures  and  pressures  forced  elimination  of  stress- 

cracking  before  it  became  an  operational  problem. 

PROPULSION 

UTC  Fires  12-Segment  Solid  Rocket 

United  Technology  Center  fired  a  12-segment  solid  rocket 
in  a  test  of  an  advanced  ignition  system  for  large  boosters. 

The  30-ft.  rocket  developed  82,000  lbs.  thrust  for  about 
four  seconds.  Each  of  the  segments  produced  some  6800  lbs. 
thrust.  Data  obtained  from  the  Air  Force-sponsored  test 
indicates  feasibility  of  an  igniter  firing  down  the  12-segment 
core  for  ignition  of  very  large  segmented  boosters  generating 
millions  of  pounds  of  thrust. 

Searcher  Rocket  Tested  at  PMR 

A  shipboard-launched,  rocket-boosted  system  designed  to 
aid  Navy  units  in  locating  missile  nose  cones,  aircraft  or  per- 

sonnel at  sea  is  being  tested  at  Pacific  Missile  Range.  Desig- 
nated "Searcher,"  the  vehicle  with  payload  is  107  in.  long 

and  weighs  less  than  100  lbs.  Signals  from  transmitters 
aboard  the  hunted  objects  are  received  by  Searcher  antennas. 
Developed  by  Space-General  Corp.,  the  system  is  expected 
to  locate  objects  in  the  water  within  a  125,000-sq.-mi.  area 
without  using  aircraft. 

ELECTRONICS 

Super-Speed  Data  Transmissions  Demonstrated 

IBM  last  week  demonstrated  an  experimental  high-speed 
data-transmission  system  that  offers  a  multi-magnitude  im- 

provement over  existing  systems.  With  one  test  system, 
scientists  transmitted  at  a  rate  of  33  million  words  per  min- 

ute (20  million  bits/sec.)  over  a  TV  link.  With  another, 
they  achieved  8000  bits/sec.  over  a  single-hop,  carrier- 
quality  telephone  link.  Transmissions  are  self  adaptive — a 
test  impulse  is  transmitted  first  to  check  the  received  signal, 
and  the  system  then  adjusts  signal  level  for  an  optimum 
output. 

Infinitesimal  Mariner  Signals  Received 

NASA's  280-ton,  85-ft.  paraboloidal  reflector  antenna  at 
Goldstone,  California,  received  signals  from  Mariner  II  (as 
it  approached  its  Venus  rendezvous)  having  a  calculated 
power  of  only  10_1S  watt.  The  steerable  dish,  says  antenna 
builder  Blaw-Knox,  is  capable  of  a  tracking  accuracy  of 
0.0 1°  of  arc. 

GUSTO  to  Go  in  '63 
A  top  Air  Force  officer  has  expressed  hope  that  a  satellite 

navigation  system  using  atomic  clocks  may  be  lofted  into 
orbit  in  a  piggyback  payload  for  testing  during  1963.  AF 
Project  GUSTO  (Guidance  Using  Stable  Tuning  Oscillations) 
employs  an  atomic  clock  approach  to  the  guidance  problem; 
such  clocks  are  reported  to  be  accurate  to  1  part  in  10'-. 

X-ray  Plate  to  Give  10,000  Pictures 

An  electronic  X-ray  plate  has  been  invented  by  Thorn 
Electrical  Industries,  St.  Martin's  Lane,  London,  W.  C.  2. 
It  consists  of  a  steel  plate  with  a  coating  that  is  sensitive  to 
both  light  and  invisible  radiation.  It  produces  a  picture  which 
is  immediately  visible  without  developing.  The  picture  glows 
in  shades  of  light  and  dark  down  to  pitch  black,  and  when 
the  device  is  switched  off  it  is  instantly  ready  to  take  another 
picture.  Developers  estimate  that  a  single  plate  can  take  at 
least  10,000  successive  pictures. 
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space  systems 

Nimbus  To  Test  Poor 

Man's  Weather  Station' 
Automatic  transmission  system  could  deliver 

local  cloud-cover  pictures  to  every  spot  on  Earth 

by  William  Beller 

ORBIT  PATH  N 

A  SATELLITE  weather  station 
transmitting  pictures  of  local  noontime 
cloud-cover  to  every  spot  on  Earth  is 
expected  to  come  out  of  an  experiment 
designed  for  the  Nimbus  meteorological 
satellites. 

If  the  experiment  turns  into  an 
operational  system,  it  will  probably 
bring  more  daily  benefits  to  more  peo- 

ple than  any  other  project  in  the  world's space  program. 
Recent  successful  ground  tests  of 

the  system,  called  the  Automatic  Pic- 
ture Transmission  Subsystem  (APT), 

show  it  is  ready  to  be  tried  out  on  an 
orbiting  vehicle  (M/R,  Dec.  10,  p.  13). 
Although  a  Tiros  satellite  was  chosen 
for  the  preliminary  flight-test  job,  the 
better  test  of  APT  will  come  next  fall 
when  it  goes  aboard  a  Nimbus  on  its 
first  scheduled  launch. 

When  APT  is  an  operational  system, 

probably  sometime  in  1964,  it  will  take 
photographs  of  cloud  patterns  beneath 
it — during  every  three  minutes  of  its 
near-polar  orbit — and  send  them  to 
weather  stations  within  a  1 700-mi.  range. 
The  receiving  equipment  needed  is  ex- 

pected to  cost  only  about  $30,000 — a  re- 
quirement set  up  to  allow  weather  sta- 

tions throughout  the  world  to  afford  it. 
The  ground  equipment  will  consist 

merely  of  a  broadly  directional  helical 
antenna  and  a  receiver  feeding  a  fac- 

simile machine. 

NASA's  Goddard  Space  Flight  Cen- 
ter, Greenbelt,  Md.,  is  managing  APT. 

Radio  Corporation  of  America  is  con- 
tractor for  flight  hardware,  and  Fair- 

child  Stratos  is  contractor  for  experi- 
mental ground  equipment. 

•  Alwajs  12  o'clock — Nimbus  will 
be  sent  on  an  orbit  inclined  80°  to  the 
equator.  Since  additionally  it  will  be 

&5 Earth-stabilized — the  same  satellite  face 
always  pointing  toward  the  center  of 
the  Earth — it  will  "see"  every  spot  on 
Earth  every  day:  the  Earth's  rotation will  introduce  a  survey  of  longitudes 
and  the  satellite's  orbital  motion  will cover  latitudes. 

The  best  conditions  for  observing 
Earth  are  obtained  by  launching  the  sat- 

ellite near  noon  or  midnight;  this  launch 
yields  an  orbital  plane  containing  the 
Earth-Sun  line.  Traveling  such  an  orbit. 
Nimbus  will  view  Earth  at  near  local 
noon  on  the  sunlit  side  and  near  mid- 

night on  the  dark  side. 
Nimbus  will  be  fired  from  the  Pa- 

cific Missile  Range  by  a  Thor  Agena  B. 
The  satellite  is  expected  to  attain  a 
500-mi.  circular  orbit  and  spend  about 
68  minutes  in  sunlight  and  35  minutes 
in  the  Earth's  shadow. 

•  F.asy  system  to  use — Every  day, 

GROUND-BASED  antenna  for  receiving  cloud  picti, 
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CONSOLE  and  facsimile  machine  for  APT  weather  stations. 
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ground  stations  in  moderate  latitudes 
may  receive  up  to  seven  pictures  of 
local  cloud  cover  from  APT.  according 

to  Dr.  William  K.  Widger,  Jr..  NASA's 
chief  of  operational  meteorological  sat- 

ellite programs.  Each  picture  will  show 
an  area  about  1000  mi.  by  1000  mi., 
including  about  a  300-mi.  overlap  be- 

tween pictures. 
At  the  equator,  owing  to  the  rela- 

tively large  lateral  ground  trace  between 
each  orbit  of  the  satellite,  the  stations 
will  be  able  to  pick  up  only  about  three 
pictures — all  around  local  noontime. 

At  mid-latitudes,  on  the  other  hand, 
the  stations  may  also  pick  up  a  couple 
of  pictures  on  the  pass  preceding  noon 
and  on  the  one  after  noon — a  total  of 
seven.  In  the  polar  areas,  stations  will 
be  able  to  receive  a  relatively  large 
number  of  highly  overlapping  views  of 
cloud  patterns. 

f-  i  v.* 

r 

BOTTOM  VIEW  of  cloud  cover  processed  in  lest  of  system. 

To  effectively  get  these  pictures, 
ground  stations  will  have  to  have  an 

ephemeris  of  the  satellite's  orbit.  Her- 
bert Butler.  Goddard's  associate  chief 

for  projects,  aeronomy  and  meteorology 
div.,  told  Missiles  and  Rockets  that 
such  an  ephemeris  may  be  sent  out  at 
weekly  intervals.  In  this  way,  the  sta- 

tions would  have  information  to  get 
three  pictures  fairly  easily:  at  Nimbus- 
rise,  at  zenith,  and  at  Nimbus-set. 

This  means  station  operators  will 
have  to  change  antenna  direction  about 
twice  each  pass.  To  keep  system  cost 
low,  Goddard  does  not  expect  ground 
stations  to  have  tracking-antenna  sys- 

tems. Operators  will  depend  mainly  on 
signal-strength  meters  and  their  own 
reflexes  to  get  the  best  reception. 

Along  with  the  ephemeris,  station 
operators  through  their  meteorological 
organizations  will  get  NASA-furnished 
charts  needed  to  identify  the  local  areas 
covered  by  APT  pictures.  These  tools, 
plus  the  prescribed  several  pieces  of 
equipment  and  a  timepiece  accurate  to 
within  one  second,  will  be  sufficient  for 
any  weather  station  to  get  facsimile 
pictures  from  any  APT  on  a  Nimbus. 

NASA  officials  heavily  underscore, 
however,  that  APT  is  still  experimental 
and  except  for  facilities  directly  en- 

gaged in  the  program,  no  weather  sta- 
tion is  advised  to  procure  any  ground 

equipment  for  it. 
•  APT  a  local  system — APT  should 

not  be  confused  with  the  fairly  well 
known  Nimbus  Advanced  Vidicon  Cam- 

era System  (AVCS).  This  is  a  highly 
sophisticated  system  that  provides  cloud- 
cover  pictures  of  the  sunlit  side  of 
Earth  and  consists  of  three  TV  cameras, 
a  magnetic  tape  recorder  and  associ- ated electronics. 

mm  Every  91  sec- onds. AVCS  pro- 
duces a  three-frame 

composite  picture 
measuring  450 
miles  along  a  line  of 
longitude  by  1450 
miles  along  a  line 
of  latitude.  The  re- corder contains  a 
four-track  magnetic 
tape  to  store  the 
video  outputs  from 
the  three  cameras. 
The  recorder  is 

played  back  on 
ground  command 
and  the  tapes  are 
erased  after  every 
read-out. 

APT,  on  the 
other  hand,  does 
not  need  ground- 
command  equip- 

ment since  it  trans- 
mits continuouslv 

I 

at  fixed  intervals:  nor  large-dish  re- 
ceiving antennas  since  the  information 

is  transmitted  on  a  very  narrow  beam- width. 

The  APT  ground  stations  will  get 
data  uniquely  suited  to  their  needs;  the 
information  will  come,  moreover,  in  far 
greater  detail  and  in  better  time  than 
data  from  AVCS  with  its  inherent 
processing  and  transmissal  delays.  The 
AVCS  system,  however,  will  play  a 
dominant  part  in  global  weather  fore- 
casting. 

•  How  it  works — APT  is  a  storage 
vidicon  system  utilizing  long-duration 
storage  and  a  very  slow  readout  rate. 
Sequence  of  operation:  a  cloud  picture 
is  snapped;  it  is  electronically  scanned 
and  transmitted  over  a  three-minute 
period;  another  picture  is  snapped  to 
begin  the  cycle  again. 

Major  significance  of  this  slow  read- 
out technique  is  the  extreme  bandwidth 

compression  that  can  be  obtained  as  a 
trade-off  with  transmission  time. 

The  narrow  bandwidth  of  transmit- 
ted information  makes  it  possible  for 

ground  stations  to  use  extremely  simple 
and  inexpensive  equipment  to  receive 
the  cloud  pictures. 

The  cloud  image  is  projected  on  a 

storage  vidicon  through  a  108°  lens. 
The  exposed  picture  is  stored  electri- 

cally in  the  insulating  layer  of  the  stor- 
age vidicon  target  and  is  available  for 

very  slow  readout. 
The  insulating  or  storage  layer  of 

the  vidicon  tube  is  polystyrene  and  the 
mesh  is  a  very  fine  copper  screen.  The 
target  potential  is  held  constant  and 
the  mesh  voltage  is  raised  or  lowered 
with  respect  to  the  target  during  the 
prepare,  expose,  and  readout  sequences. 
The  vidicon  has  a  number  of  reticles 

evaporated  on  the  faceplate.  These  fidu- 
cial marks  provide  an  accurate  means 

for  measuring  linearity  and  are  also  used 
for  alignment  of  the  vidicon  in  the 
camera. 

Transmission  of  the  video  informa- 
tion to  the  ground  is  accomplished  by 

using  the  detected  video  signal  to 
amplitude-modulate  a  2400-cps  subcar- 
rier.  The  modulated  subcarrier,  in  turn, 
is  used  to  frequency-modulate  the 
transmitter. 

To  accomplish  automatic  starting 
and  phasing  of  the  facsimile  recorder, 
a  start  tone  and  phasing  pulse  are  trans- 

mitted prior  to  the  start  of  the  picture 
itself. 

All  timing  is  controlled  by  the  se- 
quence timer,  which  operates  from  a 

2400-cps  signal  from  the  satellite  clock. 
Should  the  clock  fail,  an  internal 
2400-cps  oscillator  is  automatically 
switched  on  to  operate  the  system. 

APT  is  turned  off  during  the  night 

portion  of  its  orbit.  " 
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Brazed  stainless  steel  honeycomb  radiator-condenser  for  SNAP 

The  tools,  the  techniques 

and  talent  for  building 

space  flight  structures 

The  products  and  production 

here  prove  Rohr's  capability  in 
eating  complex  space  flight 

ground  support  equipment  to 
ware  to  satellite  components 
here.  A  unique  combination  of 
and  modern  machines  solving 
in  manufacturing 

methods  and  mate- 
rials. Address  specific 

questions  to  Market- 
'ng  Manager,  De- 

partment 146,  Rohr 
Corporation,  Chula 
Vista,  California. 

OFFICES  IN  WASHINGTON,  D.  C;  DAYTON,  OHIO;  HUNTSVILLE,  ALA.;  HOUSTON,  TEXAS. 

facilities  pictured 

the  field  of  fabri- 
structures.  From 

propulsion  hard- the  capability  is 

men,  imagination 
serious  problems 

!  PLANT  AND  HEADQUARTERS: 
CHULA  VISTA,  CALIF./  PLANT: 

RIVERSIDE,  CALIF. 
/ASSEMBLY  PLANTS: WINDER,  GA.; 

AUBURN,  WASH. 
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30  inch  filament  wound  rocket  engine  case  with  skirt. Advanced  bonded  honeycomb  structures 



TECHNICIANS 
operate  first  system 
that  produces  thin- 

film  electronic  cir- cuits continuously. 

space  electronics 

IBM-built  Navy  System 

Advances  Circuitry  Art 

UP  TO  104  thin-film  circuits  are 
now  being  deposited  on  a  single  card 
with  a  fully  automated  continuous  proc- 

ess on  a  prototype  production  facility 
built  for  the  Navy. 

Developed  by  Internationa!  Busi- 
ness Machines  Corp.  under  a  half-mil- 

lion-dollar contract  for  the  Naval  Avi- 
onics Facility  in  Indianapolis  (NAFI). 

the  manufacturing  system  can  turn  out 
as  many  as  750  circuits  per  hour.  Indi- 

vidual circuits  often  contain  up  to  3000 
thin-film  components,  developers  claim. 

In  mid-1961,  NAFI  awarded  a  con- 

tract to  IBM's  Federal  Systems  Div.  to 
develop  the  experimental  evaporation 
process  system. 

•  Four-stage  deposition — In  the  new 
IBM  facility  it  is  possible  to  fabricate 
passive  microminiature  thin-film  net- 

works continuously  in  a  four-stage  de- 
position. Glass  substrates  are  trans- 

ported mechanically  through  four  inter- 
connected vacuum  chambers.  Each 

chamber  is  separated  from  the  loading 
magazines  and  source  chambers  by 
vacuum  locks. 

The  chambers,  measuring  2x2x1.5 

feet,  contain  substrate  conveyors,  sub- 
strate heaters,  and  mask  changers.  At- 

tached to  each  of  these  main  chambers 
are  smaller  chambers  containing  the 
evaporation  sources. 

The  pilot  system  evaporates  four 
layers  of  material  onto  a  3-%x5-3/l6 
in.  plane  substrate.  Evaporation  rate, 
substrate  temperature,  film  thickness, 
chamber  pressure,  and  transfer  mech- 

anism are  precisely  controlled.  IBM 
says  registration  accuracy  is  better  than 
±6.002  inches. 

Pumping  components  are  mounted 
on  transportable  platforms  and  all 
valves  are  electro-pneumatically  con- 

trolled. Chamber  pressure  during  depo- 
sition remains  between  5  x  10  s  and 

5  x  10  6  Torr,  IBM  engineers  report. 

•  Typical  process — In  the  fabrica- 
tion process,  the  transport  mechanism 

positions  masks  and  substrates  inside  the 
vacuum  changer  with  a  minimum  of 
operator  control.  Also,  the  mechanism 
stores  additional  masks  and  substrates. 
It  removes  each  substrate  from  the  en- 

trance magazine,  transfers  each  through 
the  four  evaporation  chambers,  and  then 
places  the  substrate  in  the  exit  maga- zine. 

Twenty-four  substrate  holders  are 
contained  in  each  magazine,  one  above 
the  other.  No  sliding  friction  occurs — 
all  moving  parts  are  mounted  on  ball- 

bearings— and  no  lubrication  is  re- 
quired by  the  transport  mechanism,  de- velopers say. 

Up  to  six  masks  are  stored  in  a 
cartridge  in  each  chamber.  A  mask 
changer  performs  the  functions  of  (1) 
removing  a  clean  mask  from  the  car- 

tridge, (2)  raising  or  lowering  it  to 
register  with  the  substrate  holder  and 

(3)  returning  the  "dirty"  mask  to  the 
cartridge  after  a  number  of  evapora- 

tions. The  changer  contains  a  heater 
to  raise  the  temperature  of  the  mask  to 
that  of  the  substrate.  & 

Ford  Aeronutronic  Wins  NASA  Lunar  Camera  Award 

FORD  MOTOR  CO.'s  Aeronutronic 
division  has  won  a  NASA  contract  for 
a  camera  system  to  be  hard-landed  on 
the  lunar  surface. 

The  camera  will  photograph  the  lunar 
landscape  and  relay  the  pictures  to  Earth. 

The  contract  follows  completion  of 
an  Aeronutronic  study  of  the  possibility 
of  installing  a  camera  scanning-and- 
transmission  system  in  a  25-in.  balsa  wood 
ball  developed  for  the  Ranger  program. 
The  photo  equipment  would  replace  seis- 

mometers carried  in  Rangers  3,  4  and  5. 
Aeronutronic  studies  revealed  design 

and  application  of  the  compact  system 
are  entirely  feasible. 

The  photographic  equipment  will  be 
housed  in  a  survival  sphere  floating  in 
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a  liquid  within  the  balsa  wood  impact 
limiter. 

After  impact,  the  interior  ball  will 
right  itself  by  gravity  and  the  fluid  will 
be  drained  from  the  cavity  between  the 
two  spheres  to  stabilize  the  inner  sphere. 
As  soon  as  this  is  completed,  a  hole  will 
be  punched  in  the  other  shell. 

A  telescoping  mast  will  be  extended 
through  the  hole  to  a  point  30  to  32  in. 
above  the  lunar  terrain.  Equipment 
within  the  mast  will  then  begin  a  360- 
degree  scan  of  the  landscape  that  will 
take  at  least  eight  hours. 

The  terrain  will  be  scanned  in  a  series 
of  vertical  sweeps  by  a  rocking  prism  in 
the  mast.  Each  movement  of  the  prism 
will  cover  1  /  10th  degree  of  the  horizon 

and  sweep  the  landscape  from  five  de- 
grees above  to  30  degrees  below  the 

horizon.  The  photo  will  be  in  focus  from 
30  in.  to  infinity,  and  be  able  to  dis- 

tinguish grains  of  sand  in  the  foreground. 
The  scanned  image  will  be  conveyed 

down  the  mast  to  a  photoelectric  cell  by 
a  series  of  mirrors  and  lenses.  The  pho- 

tocell will  convert  the  varying  light  inten- 
sities into  electrical  current  fluctuations. 

These  will  be  broadcast  simultaneously 
to  Earth. 

The  signal  will  be  converted  into 
light  variations,  which  will  be  recorded 
on  a  photo  lathe  similar  to  those  now 
used  in  wire  transmission  of  news  photos. 
The  3600-line  photo  will  permit  ex- 

tremely high  resolution.  K 
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EMR  Gemini  Award 

PCM  Telemetry  Is  in 

Million-Dollar  Class 

THE  PCM  (Pulse  Code  Modula- 
tion) telemetry  system  for  Gemini  will 

be  developed  by  Electro-Mechanical  Re- 
search, Inc.,  under  a  recently  announced 

■'multi-million  dollar"  contract  awarded 
by  McDonnell  Aircraft  Corp.,  prime 
contractor  to  NASA  for  the  two-man 
space  capsule.  The  contract  includes  the 
flight  data-transmission  and  recording 
systems  and  all  associated  ground  check- 

out subsystems. 

To  meet  the  Gemini  system's  relia- 
bility requirement  of  0.93  (or  93%  pre- 

diction of  success),  EMR  officials  told 
M/R  that  the  onboard  system  will  make 
extensive  use  of  series  and  parallel  re- 

dundancy and  minimum-power  logic 
circuits. 

The  EMR  system,  which  includes 
the  PCM  data-handling  system,  tape  re- 

corder, and  transmitter,  will  be  designed 
for  high  accuracy  for  telemetering 
spacecraft  performance  parameters 
such  as  vibration  and  temperature,  bio- 

medical data,  and  computer  digital  out- 
put data  from  spacecraft  guidance  and 

control  systems. 
It  will  accept  both  high-level  (0-5 

volts)  and  low-level  (0-20  mv)  data 
inputs  and  interlace  data  and  computer 
words.  Data  words,  said  EMR,  are 
quantized  to  eight  bits  and  output  is 
in  series  form,  available  for  tape  re- 

cording and  transmitter  modulation. 
Nominal  bit  rate  is  50  kc,  the  company 
said. 

The  PCM  telemetry  system  will  be 
used  to  relay  crew  reaction  to  long-dura- 

tion space  flight  and  internal  and  ex- 
ternal spacecraft  environment  measure- 
ments to  ground  stations. 

It  will  also  record  and  transmit  data 
pertaining  to  the  rendezvous  and  dock- 

ing operations  between  the  Gemini 
spacecraft  and  an  Agena  target  vehicle. 

Checkout  equipment  to  be  supplied 
to  McDonnell  will  include  units  for  au- 

tomatically checking  and  qualifying  the 
spacecraft  telemetry  systems  and  per- 

forming pre-delivery  and  pre-flight 
checkout  of  the  data-transmission  sys- 
tem. 

Automated  checkout  of  a  complete 
spacecraft  telemetry  system  will  be  pro- 

vided in  less  than  five  minutes. 
Gemini  spacecraft  checkout  will  be 

performed  by  means  of  an  EMR  high- 
speed PCM  ground  station,  the  company 

said.  This  station  will  be  capable  of  han- 
dling a  very  wide  range  of  PCM  signal 

formats  and  data  rates.  It  will  supply 
both  serial  and  parallel  binary  and  bed 
outputs  in  various  forms  for  tape- 
recording,  a 
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Just  released! 

(For  Direct  and  FM  Techniques) 
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CEC's  New  Wide-Band  Mag- 
netic Tape  Recorder/Repro- 
ducer Systems  give  you  twice 

the  capability  of  information 

storage  as  conventional  ma- 
chines. Bandwidth:  100  cycles 

to  200kc,  direct -0  to  20  kc,  FM. 

6  speeds.  Solid  state  through- 
out for  low  power  consumption 

and  weight.  Type  VR-3300  is 
the  portable  model  and  Type 

VR-2800  is  ideal  for  data  gath- 
ering in  lab,  van,  shipboard 

and  blockhouse  environments. 

For  complete  information  and 
specifications,  call  your  nearby 
CEC  office  or  write  for  Bulletins 

CEC  2800-X21  and  3300-X14. 

Data  Recorders  Division 

CONSOLIDATED  ELECTRODYNAMICS 
PASADENA,  CALIFORNIA    .    A  SUBSIDIARY  Of   BELL  &  HOWELL 

Circle  No.  11  on  Subscriber  Service  Card  29 



advanced  materials 

Glass  To  Be  Used  in  AAAARBAA  Cases 

by  John  F.  Judge 

THE  AIR  FORCE'S  Mobile  Mid- 
Range  Ballistic  Missile  will  use  glass 
filament-wound  cases  in  all  stages — 
making  it  the  first  major  weapon  sys- 

tem to  adopt  non-metallics  in  its  initial 
development. 

Other  pertinent  points  made  at  a 
recent  Air  Force  symposium  on  struc- 

tural plastics,  adhesives  and  filament- 
wound  composites  held  in  Dayton 
included: 

—Grudging  acceptance  of  the  final- 
ity of  titanium  for  the  second  stage 

Minuteman  case  even  though  winding 
experts  claim  a  50%  cost  advantage 
over  the  high-priced  metal.  This  is  in 
spite  of  the  modulus  problem  associated 
with  filament-wound  cases  in  the  Boeing 
Minuteman — a  problem  recognized  by 
proponents  of  reinforced  plastics. 

—Indications  that  the  problems 
plaguing  Lockheed's  Polaris  A-3  are not  connected  to  its  reinforced  plastic 
structure. 

—  Details  of  a  new  non-destructive 
testing  method  for  detecting  structural 
flaws  in  filament-wound  motor  cases. 

The  technique,  developed  by  Good- 
sear  Aircraft  Corp.,  (M/R,  Oct.  I, 
p.  26)  was  covered  by  R.  A.  Burklev 
and  T.  J.  Boiler. 

•  Process  detailed — Goodyear's 
method  involves  a  vapor-deposition 
coating  process.  Certain  of  the  continu- 

ous glass  roving  strands  are  coated  with 
an  electrically  conductive  metallic  film. 

Damage  is  indicated  through  a  change 
in  resistance,  or  by  the  open  circuit  that 
results  from  complete  filament  breakage. 

Strand-test  measurements  with 
coated  and  uncoated  rovings  from  the 
same  package  showed  only  a  slight 
strength  loss  for  the  coated  roving.  Even 
this  loss  might  be  eliminated,  says 
Burkley,  by  an  improved  coating  tech- 

nique. The  vacuum-deposition  process 
has  this  potential,  and  a  machine  can 
be  produced  that  is  capable  of  deposit- 

ing a  0.000001  in.  aluminum  coating  in 
a  high-speed  continuous  process. 

Demonstrating  the  feasibility  of  the 
method  involved  a  6-in.  test  bottle  with 
coated-filament  circuits  incorporated  in 
the  outer  hoop  and  in  longitudinal windings. 

Because  of  the  short  18-in.  lengths 
used,  Goodyear  researchers  could  not 
wind  them  into  a  complete  layer  as  they 
would  be  able  to  do  in  full-scale  applica- 

tion. But  three  hoop  circuits  and  a  single 
longitudinal  circuit  served  the  purpose 
of  the  test. 

•  Destruction  test  objectives — The 
final  test  consisted  of  a  deliberate  burst 
with  rupture  at  1400  psi.  Continuity  in 
the  test  circuits  was  maintained  until 
failure.  The  test  had  two  objectives: 

—To  determine  the  performance 
characteristics  of  a  tracer  element  in  a 
structure. 

—To  verify  that  the  tracer  element 
will  remain  electrically  active  until  fail- 

ure occurs  and  that  it  will  respond  elec- 
trically to  structural  discontinuities  when 

the  composite  is  strained. 
While  the  single  test  did  not  con- 

clusively meet  these  targets,  it  did  indi- 
cate sequential  failure  of  the  tracer  ele- 
ment— as  would  be  expected  of  all  glass- 

roving  reinforcements.  It  also  showed 
compatibility  between  the  basic  tracer 
element  and  the  composite. 

Burkley  says  the  most  significant 
data  obtained  from  the  test  might  well 
be  the  rate  of  change  in  resistance  of 
Circuit  B  (see  below)  during  the  burst 
test.  Observation  located  the  initial  fail- 

ure in  the  central  region  of  the  speci- 
men— approximately  the  area  covered 

by  Circuit  B. 
While  little  or  no  change  in  resist- 

ance was  measured  in  Circuits  A  and  C. 
the  asymptotic  change  measured  for 
Circuit  B  occurred  well  in  advance  of 
failure  pressure — indicating  detection  of 
the  weakest  region  before  reaching  burst 

pressure. Analysis  of  the  cycle-pressure  test 
data  indicates  the  possible  prediction  of 
failure  in  filament-wound  structures  sub- 

jected to  repeated  loading.  This  is  based 
on  the  progressively  increasing  tracer- element  resistance  measured  with  each 
successive  load  cycle  in  the  hydrotests. 

Burkley  says  more  work  is  required 
to  validate  these  findings,  and  investiga- 

tions are  in  process  to  develop  improved 
methods  of  flaw  detection.  X 

I  HE  SIX-INCH  bottle  at  left  hydrotested  to  960  psi  internally ,  compatibility  between  the  basic  tracer  element  and  the  composite, 
imposing  a  wall  stress  of  80,000  psi.  The  test  series  showed  the        The  failure  region  was  covered  by  Circuit  B. 
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How  do  you  launch  into  a  geocentric  planar  trajectory  from  Cape  Canaveral  to  a  specified  target  vector?  This 
family  of  curves  demonstrates  the  interrelationships  of  the  target  vector  declination,  equatorial  hour  angle  and 
launch  azimuth.  They  can  be  used  to  estimate  the  launch  requirements  of  lunar  probes.  For  example,  suppose  a 

lunar  vehicle  launch  is  scheduled  for  July  17, 1968.  At  this  time  the  declination  of  the  moon  will  be  +  10°  (NASA 
Technical  Note  D-911).  Assuming  an  hour  angle  of  80°,  the  launch  azimuth  can  be  found  to  be  +  5°.  The  azimuth 
change  for  a  ±1  hr.  launch  window  (±15°  in  H)  will  be  a  =—  2°to+12°as  can  be  determined  by  moving 
along  the  S  =  10°  line. 

£1611 

Plotting  complex  launches  to  the  moon  and  planets  is  among 
scores  of  space-oriented  activities  in  progress  at  Astronautics. 
We're  also  deeply  involved  with  the  development  and  design 
of  boosters  and  vehicles  for  space  exploration  and  travel. 

We're  developing,  too,  the  incredibly  precise  electronic  sys- 
tems necessary  to  guide  and  track  and  communicate  with 

these  probes. 

Our  constantly  expanding  efforts  have  created  a  number  of 
outstanding  positions  for  engineers  with  exceptional  ability.  If 

your  interests  and  experience  qualify  you— if  you'd  like  to  work 
mind-to-mind  with  the  top  technical  talent  of  the  space  age— 
we  urge  your  immediate  inquiry. 

You  will  find  details  of  current  positions  on  the  next  page. 
Your  reply,  which  will  be  held  in  complete  confidence,  can  be 
made  on  the  attached  Professional  Placement  Inquiry  form 
or  by  writing  Mr.  R.  M.  Smith,  Chief  of  Professional  Place- 

ment and  Personnel,  Mail  Zone  130-90,  General  Dynamics| 
Astronautics,  5801  Kearny  Villa  Rd.,  San  Diego  12,  California. 
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LUNAR  LANDING  This  space- 
craft conceived  by  General  Dy- 

namics j  Astronautics  is  shown 
backing  down  onto  the  lunar 
surface,  controlled  by  powerful 
retro-rockets,  after  its  journey 
from  the  earth.  The  discarded 

second-stage  fuel  tank  is  shown 
at  right.  Large  tanks,  clustered 
at  base  of  the  capsule  and  clam- 

shell re-entry  glider  vehicle, 
provide  fuel  for  landing  on  the 
moon  and  take-off  power  for 
return  to  earth.  The  tanks  also 
provide  a  measure  of  protection 
against  space  radiation  for  the 
crew.  Rockets  are  arranged  at 
slight  angles  to  the  craft  to 
avoid  problems  in  landing 

which  might  be  caused  by  "dig- 
ging" holes  in  the  surface  of 

the  moon. 

DYNAMICS  ENGINEERING 

BS  or  MS  in  engineering,  physics  or  math  with  two  01  more  years 
of  experience  and  familiarity  with  the  application  of  analog  and 
digital  computer  techniques  for  openings  in  the  following  areas; 

STABILITY  AND  CONTROL:  to  conduct  theoretical  studies  on 
the  control  dynamics  of  large  space  boosters  and  space  vehicles. 
To  determine  stability  and  transient  response  of  space  boosters 
in  the  presence  of  propellant  sloshing,  elastic  bending  modes,  and 
non-linear  servo  characteristics.  Must  be  familiar  with  analysis  and 
synthesis  techniques  for  establishing  and  evaluating  control  system 
parameters.  Background  in  theoretical  dynamics  is  required  to 
simulate  control  system  environments  and  general  dynamics  be- 

havior of  space  boosters. 

STRUCTURAL  DYNAMICS:  to  determine  response  of  an  elastic 
space  vehicle  to  transient  loadings  such  as  atmospheric  turbulence, 
engine  ignition,  vehicle  staging.  Openings  also  exist  in  establishing 
vibration  environment  based  upon  test  or  empirical  data  for 
evaluation  of  components  and  systems  .  .  .  and  for  monitoring 
tests  of  complete  or  scaled  dynamic  models  of  space  vehicles, 
including  layout  of  test  plan,  instrumentation  requirements,  scal- 

ing factors,  etc. 

AEROTHERMODYNAMICS  ENGINEERING 

BS  or  MS  in  ME  or  AE  to  develop  design  criteria  and  perform 
methods  development  in  the  area  of  thermodynamics.  Particular 
considerations  are  re-entry  heating,  heat  dissipation  in  free  space, 
and  aerothermal  heat  sources.  Should  have  two  years  of  experience. 

FLIGHT  MECHANICS 

Analytically  talented  graduate  engineers  at  all  levels  required  for 
staffing  of  new  Flight  Mechanics  Development  Section.  Programs 
include  aerospace  vehicle  guidance  and  automatic  control,  aero- 
elasticity,  and  aerophysics.  Responsibilities  of  the  Section  also  in- 

volve technical  analyses  and  simulation  work  in  support  of  all 
space  vehicle  programs  at  Astronautics. 

ADVANCED  ELECTRONIC  SYSTEMS 

Assignments  are  on  such  projects  as  giant  boosters,  nuclear-pro- 
pelled space  vehicles,  earth-to-moon  logistics  bus,  and  space  sta- 
tions. Experience  should  include  advanced  design  work  in  such 

electronic  areas  as  guidance,  communications,  telemetry,  data 
processing  systems,  antenna  systems,  or  electronic  ground  support 
systems.  An  advanced  degree  is  required. 

GENERAL  DYNAMIC! 

GUIDANCE  AND  TRAJECTORY  ANALYSIS 

Positions  exist  in  the  following  three  areas  for  specialists  who  are 
familiar  with  computer  techniques,  possess  a  degree  in  engineering, 
physics,  or  mathematics,  and  have  at  least  two  years  of  appropriate 
experience: 
1.  Development  of  guidance  equations  and  techniques  necessary 
to  perform  launch,  satellite  rendezvous,  lunar  landing,  re-entry, 
and  return  to  prescribed  earth  sites.  Will  investigate  both  auto- 

matic and  manual  techniques,  and  define  the  proper  role  of  man 
in  these  maneuvers.  Assignments  also  involve  the  development  of 
techniques  for  defining  optimum  trajectories  for  aerospace  missions 
using  the  calculus  of  variations,  dynamic  programming,  and  the 
method  of  gradients,  plus  the  incorporation  of  optimization  tech- 

niques into  the  development  of  guidance  equations. 
2.  Investigation  and  organization  of  characteristics  of  lunar  and 
interplanetary  trajectories.  Will  interrelate  such  parameters  as  ve- 

locity requirements,  launch  window,  time  of  flight,  inclination 
angles,  and  trajectory  characteristics  at  the  target  body.  Will  also 
design  trajectories  to  satisfy  prescribed  mission  requirements. 
3.  Development  of  techniques  for  determining  the  best  estimate 
of  spacecraft  position  and  velocity  from  optical  and  radar  meas- 

urements within  the  confines  of  a  spacecraft  computer  using 
statistical  filtering. 

OPERATIONS  AND  SYSTEMS  ANALYSIS 

Projects  involve  the  study  and  development  of  advanced  ballistip 
missiles  and  boosters,  plus  both  military  and  non-military  orbital 
and  space  systems.  Responsibilities  include  advanced  systems  plan- 

ning, conceptual  design,  and  systems  evaluation.  Advanced  degree 
preferred;  three  years  of  appropriate  experience  required. 

ADVANCED  SYSTEMS  WEIGHTS  ENGINEERING 

BS  in  engineering  with  four  years  of  experience  in  system  and 
component  weight  allowances  and  controls.  Will  work  with  pre- 
design  on  parametric  weight  analyses  and  design  weight  and balance  control. 

Graduate  engineers  will  also  find  long-range  opportunities  in  the 
following  specialties:  STRUCTURAL  DESIGN,  RELIABILITY, 
STRESS  ANALYSIS,  ELECTRONIC  DESIGN  AND  DEVELOP- 

MENT, MECHANICAL  DESIGN,  WELDING  ENGINEERING. 
//  the  inquiry  card  has  been  removed,  or  if  you  wish  to  furnish  or 
request  more  detailed  information,  please  write  to  Mr.  H.  M. 
Smith.  Chief  of  Professional  Placement  and  Personnel,  Mail  Zone 
130-90,  General  Dynamics  |  Astronautics.  5801  Kearny  Villa  Road, 
San  Diego  12.  California. 
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Fund  increase  put  off .  .  . 

Core  Retention  Problem  Snarls  Rover 

Officials  fear  technical  difficulties  could 

cause  long  stretchout;  NERVA,  RIFT  affected 
by  Russell  Hawkes 

Las  Vegas,  Nev. — The  problem  of 
keeping  a  nuclear  rocket  from  spitting 
its  fuel  elements  out  the  nozzle  is  the 
biggest  and  most  difficult  technical  stum- 

bling block  now  threatening  the  future 
of  nuclear  rocket  Project  Rover. 

A  request  to  raise  the  funding  rate 
of  the  project  from  $200  million  per 
year  to  $380  million  has  been  rejected 
by  President  Kennedy  until  July,  when 
he  will  reconsider  the  question  in  the 
light  of  progress  made  toward  the  solu- 

tion of  key  technical  questions  by  that 
date.  Contractor  officials  and  engineers 
working  on  the  project  are  seriously 
concerned  with  the  possibility  that  the 
nuclear  rocket  program  will  face  a  se- 

vere stretchout  at  that  time  if  important 
progress  cannot  be  shown  on  the  main 
technical  problems  revealed  in  the  tests 
of  Kiwi  flightless  reactors  at  the  Nuclear 
Rocket  Development  Station  here. 

Some  nuclear  scientists  deprecate 
the  problem  of  retaining  the  reactor 
core  in  the  thrust  chamber  environment 

as  "a  simple  mechanical  engineering 
problem,"  but  a  publication  of  Los 
Alamos  Scientific  Laboratory,  prime 
contractor  for  the  Kiwi  series,  lists  core 
retention  as  the  toughest  unsolved 
problem. 

The  dynamic  pressure  of  in-flowing 
hydrogen  propellant  on  the  face  of  the 
reactor  core  is  on  the  order  of  1000  psi. 
Temperatures  rise  to  a  maximum  of 
about  4500°F  at  the  tail  of  the  reactor 
core.  The  tubular  hexagonal  fuel  ele- 

ments of  which  the  core  is  constructed 
are  made  of  a  ceramic  uranium  com- 

pound. A  frequent  feature  of  the  six 
Kiwi  reactor  tests  has  been  a  shower  of 
glowing  pieces  of  this  material. 

•  Bind  on  Rover — Like  some  other 
space  programs,  Rover  is  caught  in  the 
squeeze  between  the  Administration's strong  commitment  to  the  manned  lunar 
landing  program  and  plans  for  a  major 
tax  cut.  The  MLLP  is  facing  growing 
cost  overruns.  Unmanned  lunar  pro- 

grams now  are  being  defended  on  the 
grounds  that  they  will  supply  needed 
information  for  the  Project  Apollo 
manned  landing. 

The  nuclear  rocket  happens  to  show 
its  biggest  returns  in  advanced  planetary 
missions,  for  which  it  improves  the  pay- 
load  of  an  advanced  Saturn  launch 
system  by  a  factor  of  10  compared 
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ENGINE  Test  Stand  No.  1,  designed  by  Aetron  Div.  of  Aerojet,  will  test  NERVA. 

to  the  same  launch  systems  using  only 
chemical-powered  stages.  It  can  also 
double  lunar  payloads,  but  budget  cut- 

ters point  out  that  the  first  landings 
will  be  accomplished  without  the  nu- 

clear stage  anyway.  If  there  is  no 
stretchout,  the  first  nuclear  rocket  test 
flights  are  scheduled  for  late  1967. 

There  is  a  six-month  lag  in  the 
schedules  of  the  Kiwi  phase  of  the  pro- 

gram, which  is  supervised  along  with 
the  rest  of  Project  Rover  by  the  joint 
AEC-NASA  Space  Nuclear  Propulsion 
Office  (SNPO).  Since  nuclear  rocket 
technology  is  very  new,  there  is  little 
that  can  be  done  concurrently  on  the 
phases  of  the  program  that  come  after 
Kiwi.  But  this  troubles  SNPO  boss  Har- 

old Finger  very  little,  as  he  prefers 
step-by-step  progress. 

However,  work  on  flyable  NERVA 
(Nuclear  Engine  for  Rocket  Vehicle 
Applications)  cannot  proceed  very  far 
until  the  Kiwi  phase  yields  a  satisfac- 

tory reactor  design.  In  turn,  design  de- 
cision on  the  RIFT  (Reactor  In  Flight 

Test)  airframe  which  will  be  powered 
by  the  engine  must  await  more  detailed 
knowledge  of  the  characteristics  of 
NERVA. 

A  NASA  official  told  Missiles  and 
Rockets  that  the  RIFT  phase  of  the 

program  being  conducted  under  con- 
tract by  Lockheed  Missiles  and  Space 

Co.  seems  to  be  the  most  likely  target 
for  any  stretchout  because  its  end-point 
is  more  distant  than  those  of  the  engine 
and  reactor  program.  He  said  NASA 

is  highly  pleased  with  Lockheed's  con- duct of  the  program  thus  far. 
•  New  Kiwis — Two  new  flightless 

reactor  series  are  presently  scheduled 
to  enter  the  program  next  year.  They 
are  called  Kiwi  5  and  Kiwi  6.  The  for- 

mer is  a  direct  descendant  of  earlier 
Kiwi  reactors;  the  latter  is  based  on 
an  alternative  technical  approach  to 
problems  of  reactor  core  retention. 
Kiwi  6  will  be  conducted  by  the  con- 

tractor team  of  Aerojet-General  Corp. 
and  Westinghouse  Electric,  rather  than 

by  LASL. One  industry  official  has  attributed 
schedule  troubles  to  acceptance  by 
LASL  of  a  tight  schedule  for  develop- 

ment of  a  system  far  beyond  the  tech- 
nology then  existing.  An  example  of 

how  Kiwi  delays  have  disjointed  the 
program  is  to  be  seen  in  the  fact  that 
the  $20-million  Engine  Test  Stand  No. 
1  (ETS-1)  for  NERVA  firings  will  be 
essentially  complete  by  March,  1963, 
while  the  engine  itself  cannot  be  avail- 

able for  tests  before  late  1964.  tX 
35 



McKinsey  study  shows  .  .  . 

Executive  Pay  Decline  Continues 

EXECUTIVE  SALARIES  in  the 
missile/space  industry  continued  on  a 
downward  path  through  1961,  estab- 

lishing a  four-year  trend. 
Recently  released  figures  indicate 

that  top  management  received  5.2% 
less  compensation  in  1961  than  in 
1960 — a  distinct  parallel  with  a  9.2% 
decline  in  profits  during  the  same 
period. 

These  figures  are  part  of  the  eighth 
annual  executive  compensations  study 
prepared  by  McKinsey  and  Co.,  Inc.,  a 
management  consulting  firm.  Based  on 
data  filed  with  the  Securities  and  Ex- 

change Commission,  the  study  encom- 
passes 475  companies  in  25  separate 

industries. 
The  missile/space  sampling  covered 

20  major  manufacturers.  It  did  not  in- 
clude companies  whose  major  effort  is 

in  electronics. 
In  1961,  missile/space  executives 

fared  poorly,  as  compared  to  those  in 
other  industries  surveyed.  In  only  one 
of  the  25  industry  groups  covered — 
non-ferrous  metals — was  the  decline  in 
executive  compensation  sharper  than  in 
aerospace;  and  only  four  groups — auto- 

motive, electronics,  steel  and  textiles — ■ 
showed  greater  declines  in  profits. 

According  to  the  study,  the  current 
depressing  profit  and  compensation 
trends  began  in  1957;  since  that  time, 
profit  has  plummeted  50%.  Over  the 
same  years,  industry  in  general  has 
managed  to  achieve  a  profit  improve- 

ment of  about  2%. 
Since  1957,  aerospace  executive  pay 

has  plunged  10%  while  industry  in  gen- 
eral has  shown  a  5%  rise  in  such  com- 

pensation. Another,  related  figure  for 
the  period  is  a  slight  net  rise  in  sales 
for  aerospace  of  2.8% — contrasted  to 
an  overall  industry  rise  of  11%,  on  the 
average. 

•  Subcategories — McKinsey  divided 
the  companies  chosen  for  the  survey 
into  two  subcategories  airframe  and 
non-airframe. 

Though  traditional  lines  between 
segments  of  the  industry  are  becoming 
increasingly  blurred,  companies  that 
cither  have  left  airframe  manufacture 
or  have  continued  as  subsystem  con- 

tractors were  compared  with  those  con- 
tinuing to  produce  government  or  com- 
mercial aircraft. 

Comparison  of  the  two  subgroups 
discloses  a  substantial  absolute  compen- 

sation spread  between  them.  Chief  ex- 

ecutives in  the  airframe  category  ran 
companies  roughly  twice  as  large  as  did 
counterparts  (on  the  same  compensa- 

tion level)  in  the  non-airframe  group. 
Per  dollar  of  sales  volume,  non- 

airframe  executives  received  about  25% 
more  pay  than  airframe  top  executives. 
And  whereas  non-airframe  compensa- 

tion on  the  top  levels  is  about  average 
for  industry  as  a  whole,  pay  to  airframe 
chiefs  is  substantially  below  the  all-in- 

dustry average. 
For  example,  for  an  annual  sales 

volume  of  $400  million,  airframe  com- 
pensation might  be  about  $105,000,  and 

non-airframe  would  reach  $130,000;  for 
sales  of  $1  billion,  top  airframe  pay 
might  be  $135,000,  as  contrasted  to 
$170,000  for  non-airframe  chief  execu- 
tives. 

Again,  there  is  a  similar  contrast  in 
profits  between  the  two  groups.  For 
each  of  the  past  two  years,  the  airframe 
group  showed  a  cumulative  loss,  while 
the  non-airframe  profit  was  about  3.8% 
on  sales.  And  in  1958  and  1959,  the 
few  firms  in  question  that  showed  a  loss 
were  in  the  airframe  subgroup. 

An  interesting  contrast  between  the 
two  categories  regards  turnover  in  chief 
executive  positions.  In  1960-61,  36%  of 
the  airframe  executives  and  22%  of  the 
non-airframe  executives  in  this  indus- 

try were  new  on  their  jobs.  These  rates 

far  exceed  the  12%  top-executive  turn- 
over for  industry  in  general. 

The  study  does  point  to  a  "sig- 
nificant" number  of  aerospace  industry 

executives  who  have  held  their  posts 
for  at  least  10  years,  however. 

•  The  big  four  —  The  McKinsey 
survey  included  the  chief  executive  of- 

ficer and  his  three  most  highly  paid 
subordinates  in  each  firm.  These  sub- 

ordinates received  better  pay  in  com- 
parison to  their  chief  executive  than 

did  their  counterparts  in  industry  as  a 
whole — only  the  lowest-paid  of  the 
three  was  not  awarded  a  percentage  of 
his  chief's  pay  figure  higher  than  that 
of  his  all-industry  counterpart. 

In  the  airframe  category,  the  num- 
ber-two man  received  about  82%  of 

his  chief's  pay  figure,  as  contrasted  to 
72.5%  in  non-airframe,  and  70.9%  in 
industry  generally.  For  the  number- 
three  man:  airframe,  63.7%;  non-air- 

frame, 63.4%;  and  all-industry,  58.7%. 
For  the  number-four  executive:  54.8% 
in  airframe,  47.7%  in  non-airframe, 
and  53.7%  in  industry  generally. 

Airframe  chief  executives  them- 
selves received  compensation  so  far  be- 

low non-airframe  and  all-industry  aver- 
ages, however,  that  their  immediate  sub- ordinates still  received  less  than  the 

average  pay  for  comparable  positions 
elsewhere.  8 

Typical 
Chief  Executive  Salaries 

Official Basic  Salary  and  F ees 

William  B.  Bergen,  President Martin  Co. 
1960 

$100,000 

1961 

$100,000 
Mundy  1.  Peale,  President 

Republic  Aviation 131,166 1  39,766 

William  P.  Gwinn,  President 
United  Aircraft  Corp. 176,800 176,260 

D.  A.  Kimball,  President 
Aerojet-General  Corp. 95,000 100,000 

M.  P.  Ferguson,  President Bendix  Corp. 161,850 160,700 

William  M.  Allen,  President 
Boeing  Co. 1 15.901 99,989 

D.  W.  Douglas,  Jr.,  President 
Douglas  Aircraft  Co. 87,675 

91,425 

Albert  E.  Forster,  President 
Hercules  Powder  Co. 184,621 179,030 

M/R  chart  based  on  estimates  from  Securities  &  Exchange  Commission  records. 
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The  Industry  Week 

Apollo  Launch  Facility  Designed 
Urbahn-Roberts-Seelye-Moran  (URSAM)  is 

the  combined  name  adopted  by  four  New  York 
City  firms  for  design  of  facilities  at  Complex  39, 
NASA's  new  Launch  Operations  Center  for 
Apollo,  at  Merritt  Island  (Cape  Canaveral),  Fla. 

More  than  200  engineers  now  are  preparing 
plans  and  specs  for  the  gigantic  main  building, 
which  will  be  more  than  500  ft.  tall,  cover  more 
than  10  acres  and  include  about  130  million  cu. 
ft.  of  working  space  for  a  predicted  total  of  2500 
employees.  Construction  bids  will  be  solicited 
next  spring  for  the  assembly  building,  which  is 
expected  to  cost  over  $100  million. 

Under  the  supervision  of  Col.  J.  V.  Sollohub, 
District  Engineer,  Jacksonville  District  of  the 
Army  Corps  of  Engineers,  the  URSAM  design 
team  includes  the  offices  of:  Max.  O.  Urbahn, 
architect  and  managing  partner;  Roberts  & 
Schaefer  Co.,  Inc.,  structural  design;  Seelye, 
Stevenson,  Value  &  Knecht,  Inc.,  civil,  mechani- 

cal and  electrical  plans  and  specs;  and  Moran, 
Proctor,  Mueser  &  Rutledge,  foundation  analysis 
and  designs. 

Multiple  assembly  methods  for  Apollo  are  ex- 
pected to  result  in  substantial  time  and  money 

savings,  as  it  will  be  possible  to  erect,  mate  and 
check  out  vehicles  simultaneously  and  fire  the 
rockets  in  quicker  sequence  than  is  now  possible ; 
present  procedures  often  require  a  tie-up  of  the 
pad  during  mating  and  checkout. 

Other  Industry  Facilities 
Geotechnical  Corp.  has  finished  work  on  its 

"stable  table"  to  test  inertial  guidance  com- 
ponents for  Minuteman,  Atlas  and  Titan.  Mounted 

in  a  four-story  underground  structure  at  Newark 
Air  Force  Station,  Ohio,  the  7-ft.-sq.  table  is 
suspended  like  a  pendulum  and  is  isolated  from 
the  influences  of  temperature,  magnetic  fields, 
humidity,  and  Earth  motion,  as  well  as  disturb- 

ances as  minute  as  a  slight  breeze  against  the 
housing  building.  Suspension  system  employs 
spring-like  devices  of  beryllium  specially  fabri- 

cated by  Beryllium  Corp.,  Reading,  Pa.  .  .  .  Proc- 
ess Equipment  and  Automation,  Inc.,  has  com- 

pleted work  on  an  atmosphere  conditioning 
system  to  be  an  integral  part  of  a  multimillion- 
dollar  escape  simulator  under  construction  for 
Aerospace  Medical  Research  Laboratories.  The 
completed  system  has  passed  checkout  and  dem- 

onstration tests  before  installation  at  Wright- 
Patterson  AFB,  Ohio.  .  .  .  Douglas  Aircraft  Co. 
will  build  a  missile/ space  advanced  research  cen- 

ter on  a  10-acre  site  in  Huntington  Beach,  Calif. 
Site  of  the  $2  million  laboratory  was  acquired  by 
Douglas  last  July  for  its  Space  Systems  Center, 
now  under  construction.  .  .  .  Missile/ space  laun- 

dry and  dry  cleaning  are  a  thing  of  the  present, 
what  with  Prudential  Overall  Supply's  newest 
garment-processing  laboratory.  The  Commerce, 
Calif.,  firm's  recently  opened  facility  is  equipped 
and  controlled  to  meet  stringent  clean  room  re- 

quirements, and  is  designed  primarily  to  serve 
markets  in  precision  electronics  and  related 
missile/ space  activities.  .  .  . 

Cryonetics  Corp.  Set  Up 

Richard  S.  Morse,  former  president  of  Na- 
tional Research  Co.,  has  set  up  Cryonetics  Corp. 

of  Burlington,  Mass.,  to  specialize  in  cryogenic 
research  and  equipment  development.  Morse  will 
be  chairman  of  the  new  firm's  board  of  directors. 

A  special  scientific  advisory  board  for  the 
company  will  be  manned  by :  Dr.  Edward  Teller, 
professor-at-large,  University  of  Calif.;  Prof. 
Courtlandt  T.  Perkins,  Chmn.,  Aeronautical  En- 

gineering Dept.,  Princeton  University;  and  Dr. 
Wilhelm  F.  Gauster,  head  of  the  Engineering 
Science  Group,  Thermonuclear  Div.,  Oak  Ridge 
National  Laboratories. 

Dr.  James  Nicol,  director  of  research  for  Cry- 
onetics, outlined  two  of  the  firm's  planned  proj- 

ects. The  first  is  development  of  a  laboratory  re- 
frigerator for  research  on  materials  at  controlled 

temperatures  within  1°  of  0°K  (-459.69°F). 
The  second  program  is  directed  toward  develop- 

ment of  a  miniature  refrigerator  suited  to 
missile/ space  applications  and  providing  an 
ultra-low-temperature  environment  for  electronic 
components  and  sensors. 

The  firm  now  has  laboratory  and  plant  facili- 
ties in  Burlington;  offices  in  Washington,  D.  C. 

International  News  Notes 

Coordinated  firings  of  Skylark  sounding 
rockets  were  conducted  in  Australia  and  Argen- 

tina recently,  in  one  phase  of  an  upper-atmos- 
phere wind  study  program  organized  by  the 

Committee  on  Space  Research  (COSPAR).  Co- 
ordination of  the  various  firings  throughout  the 

world  is  being  carried  out  by  NASA.  .  .  .  In  a 
move  toward  selling  more  of  its  services  and 
technical  know-how  in  Europe,  Lockheed  has  re- 

organized its  wholly  owned  Swiss  subsidiary, 
Lockheed  Aircraft  International  AG  originally 

formed  in  1960.  .  .  .  Europe's  non-profit  space 
development  organization,  Eurospace,  has  ac- 

quired three  new  collective  members  and  15  new 
active  members.  The  collective  members  are: 
ANIE  (Italy) ;  Belgospace  (Belgium) ;  and  Ver- band  der  Chemischen  Industrie  (Germany).  New 
active  members  are:  AEG  (Germany)  ;  Ateliers 
et  Forges  de  la  Loire  (France) ;  Belgonucle- 
aire  (Belgium)  ;  Compagnie  Electro  Mecanique 
(France) ;  Crouzet  (France) ;  Dunlop  (U.K.) ; 
Galileo  (Italy) ;  Gasdynamik  (Germany)  ;  Inter- 
atom  (Germany)  ;  Retec  (France) ;  Rheinmetall 
(Germany);  Rhone  Poulenc  (France);  SAF 
(France) ;  TRT  (France) ;  and  Trefileries  et 
Laminoirs  du  Havre  (France).  Four  U.S.  and 
two  French  companies  are  new  corresponding 
members  of  Eurospace:  Aerojet-General;  Doug- 

las; General  Electric;  North  American  Avia- 
tion; Credit  Lyonais;  and  Banque  Commerciale 

de  Paris. 

— — I IIH^1IIIMBB—H 
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contracts  and  procurements 

AWARDS 

AIR  FORCE 

$16.915,000— General  Dynamics  Corp.,  New  York 
City,  for  work  in  connection  with  the  instal- lation and  checkout  of  Atlas  missiles.  Work  to 
be  done  at  San  Deigo,  Calif. 

$9,000,000— International  Telephone  and  Tele- 
graph Corp.,  New  York  City,  for  fabrication 

and  delivery  of  electronic  equipment  (supple- 
mental contract).  Work  to  be  done  at  Para- 

mns,  N.J. 
$3.350,000 — International  Business  Machines  Corp., 

Bethesda,  Md.,  for  work  on  data-processing 
equipment. 

53,000,000— Hallicrafters  Co.,  Chicago,  III.,  for work  on  a  classified  project. 
$2.850,000— General  Electric  Co.,  New  York  City, 

for  design  and  fabrication  of  Titan  II  inter- site  communications  equipment.  Work  to  be 
done  at  Lynchburg,  Va. 

$2.300,000— Hughes  Aircraft  Co.,  Culver  City. 
Calif,,  for  development  of  fire-control  system 
for  the  GAR-9  Falcon  missile. 

$2.229,002 — Aerojet-General  Corp..  Sacramento, 
Calif.,  for  production  of  Titan  II  missile  pro- 

pulsion systems. 
$1,512,000— Sylvania  Electric  Products,  Inc.,  New 

York  City,  for  ground-support  equipment  for electronics  equipment.  Work  to  be  done  at 
Mountain  View,  Calif.,  and  Waltham,  Mass. 

$1,500,000— Hercules  Powder  Co.,  Kensville.  N.J.. for  rockets  for  Mintttenwn  missiles. 

ARMY 

$4.240,469 — General  Dynamics  Corp.'s  Pomona, Calif.,  division,  for  research  and  development 
of  the  Mauler  program. 

$3,000,000— General  Electric  Co.,  Syracuse,  N.Y., 
for  high-power  radar  for  the  Nike-Hercules 
system. 

$2,742,980— Bell  Aero  Systems  Corp.,  Buffalo, N.Y.,  for  electronics  to  modify  a  guidance 
equipment  system. 

$2,020,724 — Northrop    Corp/s    Nortronics  Div., Anaheim,  Calif.,  for  1989  sets  of  Hawk  wing 
assemblies. 

$2,000,000— General  Electric  Co.,  Syracuse,  N.Y., 
for  retrofit  kits  for  the  Nike-Herclues  system. 

$1,663,050— Rohm  and  Hass  Co.,  Philadelphia, 
Pa.,  for  continued  basic  research  on  solid- 
propellant  rocketry. 

NAVY 
$7,252,000 — Lockheed  Missile  and  Space  Co., 

Sunnyvale,  Calif.,  for  engineering  and  other services  on  Polaris  missiles. 
$4,583,000— Sperry  Rand  Corp.,  Sperry  Gyro- 

scope Co.,  Great  Neck,  N.Y.,  for  field  engi- 
neering services  for  fire-control  equipment  for Talos  and  Terrier  missiles. 

S3, 198,920— General  Dynamics  Corp.,  General  Dy- 
namics/Electronics, Rochester,  N.Y.,  for  son- obnoys, 

DOD 
$1,300,000 — Aeronca  Manufacturing  Corp.,  Mid- 

dletown,  Ohio,  for  design,  research,  develop- 
ment and  production  of  electronic  and  air- frame components  for  aircraft,  missile  and 

space  programs. 

NASA 
$1,500,000— Thiokol  Chemical  Corp.,  Wasatch 

Div..  Brigham  City,  Utah,  for  hypervelocity 

aerodynamic  test  units  for  the  Ames  Re- search Center. 
$1,500,000— Fair  child  Stratos  Corp.,  Hagerstown. 

Md.,  for  two  prototypes  and  40  production 
models  of  ground  stations  to  receive  and  pre- sent weather  data  from  satellites. 

INDUSTRY 

$2,712,888— The  Ross  Corp.,  New  Orleans,  from 
Mason-Rust,  for  construction  of  a  vertical 
assembly,  hydrostatic  test  and  cleaning  facil- 

ity for  the  Saturn  S-1C  booster. 
$1,250,000 — Minneapolis-Honeywell  Regulator  Co., 

Hopkins,  Minn.,  from  Boeing  Co.,  for  elec- 
trical power  equipment  for  the  Minuteman 

missile. 
$1,000,000— Pacific  Semiconductors,  Inc.,  Haw- 

thorne, Calif.,  from  Boeing  Co.,  for  standard 
diodes  for  use  in  Minuteman  ground-support 
equipment. 

$500,000 — Lear-Siegler,  Inc.'s  Astro  Structures Div.,  El  Segundo,  Calif.,  from  Philco  Corp., 
for  a  satellite-tracking  antenna  project. 

$  1 70,000 — General  Electric  Co.,  New  York  City, 
from  Boeing  Co.,  for  capacitors  for  use  in 
the  Minuteman  program.  Work  to  be  done  at 
Irmo,  S  C. 

Ford  Motor  Co.'s  Aeronutronic  Div.,  Newport 
Beach,  Calif.,  from  Jet  Propulsion  Laboratory, 
for  a  space  capsule  scanning  system  (undis- closed amount). 

Westinghouse  Electric  Corp,,  Pittsburgh,  from 
North   American   Aviation's  Autonetics  Div., for  microminiaturized  integrated  electronic 
circuits  for  use  in  the  Improved  Minuteman 
program  (undisclosed  amount). 



GENERAL  PROCUREMENTS 

REQUESTS  FOR  BIDS 
Hercules  Project  Office 
U.S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
The  Army  Missile  Command  proposes  to  pro- cure from  Intercontinental  Manufacturing  Co.. 

Garland,  Tex.,  services  in  connection  with  the 
rehabilitation  of  M30  rocket  motor  metal  parts 
for  the  Nike-Hercules  missile.  This  synopsis  is  to 
publicize  possible  subcontracting  opportunities 
and  all  inquiries  relative  to  subcontracting  must 
be  referred  to  Intercontinental  Manufacturing  Co. 
Do  not  contact  the  U.S.  Army  Missile  Command 
with  respect  to  this  procurement. 

which  is  of  a  proprietary  nature.  This  notice  is 
for  information  only  and  RFQ  AMCfTI  44-009- 6-1-I790B  is  not  available. 

U.S.  Army  Missile  Command 
Procurement  and  Production 
Special  Contracts  Branch 
Redstone  Arsenal,  Ala. 
Selected  source  procurement  for  continuity  of 

research  effort  in  advanced  solid-rocket  propel- lents in  accordance  with  classified  scope  of  work. 
TR-SR-228,  for  12-month  period  with  Olin  Mathie- 
son  Chemical  Corp.,  New  Haven  4,  Conn.  This 
requirement  is  synopsized  only  for  the  purpose  of 
affording  subcontracting  opportunities  through  di- 

rect inquiry  to  the  prime  contractor. 

Research  and  Development  Procurement  Office 
U.S.  Army  Engineer  Research  and  Development Laboratories 
Fort  Belvoir,  Va. 
It  is  proposed  to  negotiate  a  contract  with 

Autometric  Corp.,  New  York,  N.Y..  for  the  fab- 
rication and  testing  of  two  equatorially  mounted 

Star  satellite  cameras.  This  firm  has  previously 
accomplished  the  successful  design  of  the  camera 

Contracting  Officer 
National  Aeronautics  and  Space  Administration 
Langley  Station 
Hampton,  Va. 
Negotiations  will  be  conducted  with  the 

Philco  Corp.,  C  and  Ontario  Sts.,  Philadelphia 
4,  Pa.,  for  services  for  the  reduction  and  evalua- 

tion of  optical  data  obtained  from  missile  re- 
entry programs  under  contract  NAS  1-2127.  Note: 

For  information  only;  no  RFP  available. 

Contracting  Officer 
National  Aeronautics  and  Space  Administration 
Langley  Station 
Hampton,  Va. 
Single  source  procurement  covering  services 

j  rid  materials  necessary  to  modify  and  upgrade 
Fitgo  amplifiers  manufactured  by  Beckman  In- 

struments, Inc.,  as  part  of  a  recording  system. 
RFP  L-2847.  Proposals  requested  by  close  of 
business  1-1 1-63. 

Direct  Support  (Guided)  Division 
Directorate  of  Procurement  and  Production 
U.S.  Army  Missile  Command 
Redstone  Arsenal,  Ala. 
This  is  not  a  request  for  proposals.  This  syn- 

opsis covers  a  procurement  for  the  continuation 
of  research  and  development  of  the  HAW  (TOW) 
system  by  the  Hughes  Aircraft  Co.,  Culver  City. 
Calif.  The  items  being  procured  for  a  development 
program  must  be  fabricated  from  manufacturer's design  drawings  and  supporting  documentation 
which  precludes  award  to  other  than  the  prime 
contractor.  All  inquiries  relative  to  subcontract- ing must  be  referred  to  Hughes  Aircraft  Co., 
Culver  City,  Calif. 

Directorate  of  Procurement  and  Production 
Olmsted  AFB,  Pa. 
Non-personnel  services  to  provide  assistance  in 

establishing  an  organic  depot  facility  for  the  over- 
haul and  repair  of  astroinertial  instrument  sys- 
tems for  the  GAM-87  (Skybolt)  missile — approxi- 

mately three  industrial  engineering  man-months. 
Negotiations  will  be  conducted  with  Nortronics 
Div.,  Northrop  Corp.,  Hawthorne,  Calif.  For  in- formation only.  No  RFP  available. 

National  Aeronautics  and  Space  Administration 
Ames  Research  Center 
Moffett  Field,  Calif. 
Negotiations  will  be  conducted  with  Packard 

Instrument  Co.,  for  one  automatic  liquid  scintil- 
lation spectrometer  and  accessories.  Note:  For  in- formation only.  RFP  not  available. 

National  Aeronautics  and  Space  Administration 
Wallops  Station 
Wallops  Island,  Va. 
Oscilloscope  and  camera  complete  with  acces- 

sories. Lot— IFB  P612.  Bid  opening  1-15-63. 

Directorate — Procurement  and  Production 
(SAPOS) 

Kelly  AFB,  Tex. 
Note:  Select  source  procurement.  Request  for 

proposals  has  been  issued  to  the  following  firm: 
Curtiss- Wright  Corp.,  Wright  Aeronautical  Div., 
Wood-Ridge,  N.J.  It  is  suggested  that  small  busi- ness firms  and  others  interested  in  subcontracting 
opportunities  in  connection  with  this  procurement make  direct  contact  with  the  above  firm.  P/N 
148912  shaft  gear— 225  each.  P/N  896067  stud- 

ding assembly — 4  each.  P/N  896040  parts  kit— 237 each.  No  drawings  or  specs  are  available.  Deliver 
various  destinations.  Contract  AF  41(608)13172. 
Call  185-SA-N. 

n  reflects  the  ultimate  in  the  appli- 
cation of  science  and  technology.  It  is  the 

electronic  bridge  from  research  to  reality.  At 
Curtiss-Wright,  electronics  simulation  systems 
orient  men  and  machines  to  missions  for  many 
military  and  industrial  programs. 
Project  in  Point:  At  the  Patuxent  River  Naval 
Air  Station,  P3V  crews  will  receive  both  flight 
and  tactics  training  on  the  most  complete  anti- 

submarine warfare  trainer  ever  developed.  De- 
signed and  manufactured  by  Curtiss-Wright  in 

conjunction  with  the  U.S.  Naval  Training  Device 
Center,  the  simulator  permits  entire  missions 

ELECTRONICS  DIVISION 

CURTISS-WRIGHT  CORPORATION 
35  MARKET  STREET,  EAST  PATERSON,  N.J. 

it  is  closing  on  an  enemy  sub! 

to  be  "flown"— search,  classification,  localiza- 
tion, attack,  and  destruction  of  enemy 

submarines. 
Advanced  activities  like  this  have  created  im- 

mediate opportunities  at  Curtiss-Wright  Elec- 
tronics Division  for  solid  state  circuit  designers, 

digital  computer  programmers  and  others  expe- 
rienced in  the  application  of  real-time  digital 

computation  to  the  most  challenging  problems 
in  simulation.  For  complete  information,  please 
write  Mr.  Gene  X.  Kelly,  Manager  of  Profes- 

sional Placement,  Electronics  Division.  An  equal 
opportunity  employer. 



The  giant  RIFT  vehicle: 

it  will  pioneer  n 

To  propel  its  space  ships  through  the  far  reaches  of  the  solar  system,  the  National  Aeronautics  and 

Space  Administration  is  studying  new  kinds  of  power.  NASA  feels  that  nuclear  propulsion  may  be 

the  key  to  space  exploration.  It  has  chosen  Lockheed  Missiles  &  Space  Company  to  design  and  build 

the  nuclear  stage  of  the  giant  vehicle  that  will  demonstrate  the  feasibility  of  nuclear-propelled  space 

flight.  As  NASA's  industrial  partner,  Lockheed  shares  the  management,  scientific,  and  technical 
responsibility  for  the  RIFT  (Reactor-ln-Flight-Test)  program.  The  primary  purpose  of  the  RIFT 
vehicle  is  R  &  D.  It  will  help  the  NASA/Lockheed  team  develop  design  data  for  even  more  advanced 

nuclear-stage  systems.  Yet  so  great  is  its  promise  that  Lockheed  is  designing  it  for  possible  use  as  a 

stage  atop  one  of  tomorrow's  mammoth  boosters-the  7V2- million -pound -thrust  Advanced  Saturn. 

Photographed  in  realistic 
settings,  scale  models  of  the 
RIFT  vehicle  illustrate  (right) 
how  the  Lockheed-built 
nuclear  stage  will  be  static- 
tested  at  NASA's  Nuclear 
Rocket  Development  Station, 
Jackass  Flats,  Nevada,  and 
Cleft)  how  it  would  look, 
complete  with  nose  cone,  atop 
the  Advanced  Saturn  booster. 
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products  and  processes- 

New  Product  of  the  Week: 

Computer  Tape  Tester 

A  fully  solid-state  magnetic  tape 
tester  with  increased  reliability  and  a 
25%  reduction  in  size  is  available  from 
General  Kinetics  Inc.  Designed  to  lo- 

cate dropouts,  noise  pulses  and  time- 
displacement  errors  in  magnetic  com- 

puter tape,  the  Model  7-A  tester  repre- 
sents an  advance  over  the  GKI  Stand- 

ard Model  7  unit. 
It  employs  completely  solid-state 

electronics.  The  tester  has  faster  stop- 
start  capabilities  and  improved  precision 
resulting  from  a  new  mechanical  drive 
system.  The  tape  drive  has  been  made 
more  gentle  by  eliminating  pinch-rollers. 
In  addition  to  improved  graphic  re- 

corders that  create  a  permanent  record 
(in  circular  graph  form)  of  tape-error 
regions,  the  7-A  also  includes  "nixie" light  indicators  to  provide  a  total  error 

count.  The  model  incorporates  precision 
multi-turn  potentiometers  for  setting 
drop-out  and  noise-rejection  levels. 

Circle  No.  225  on  Subscriber  Service  Card 

Solid-State  Accelerometer 

Self-generating  accelerometer  Model 
32,  developed  by  United  Aerotronics 
Corp.,  contains  no  wires,  jumper  strips, 
or  solder.  Each  unit  temperature  cycles 
to  stabilize  sensitivity.  Other  features 
are  choice  of  stick-on  or  insulated  in- 

tegral stud  mounting  and  spanner- 
wrench  holes  provided  for  deep-hole 
installation.  High  30-millivolt-per-g  out- 

put coupled  with  high  internal  capaci- 
tance of  1300  picofarads  permits  in- 

vestigation with  minimum  electronic 
equipment. 

Circle  No.  226  on  Subscriber  Service  Card 

Temperature  Controller 
Developed  by  Loyola  Industries,  the 

Model  L-60  infrared  temperature  con- 
troller regulates  the  temperature  of  in- 
frared energy  sources  used  as  artificial 

horizons  and  infrared  sources  used  in 
testing  or  deveolping  sensing  equipment 
for  use  with  satellite,  missile  and  rocket 
orientation  and  detection  systems. 

Two  identical  and  completely  in- 
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dependent  infrared  temperature-control 
systems  are  contained  in  the  Model 
L-60.  Each  system  is  a  control  loop 
consisting  of  a  transducer  amplifier,  a 
three-mode  controller  and  an  SCR 

power  manipulator.  Temperature  is  con- 
trolled from  95°F  to  220°F  with  sta- 

bility of  ±1°F.  Input  of  the  unit  is 
provided  by  a  resistance  temperature 
sensing  element  while  output  to  infra- 

red sources  is  0-120  volts  d-c.  A  0  to 
100  ua  signal  provides  input  to  an  ex- 

ternal recorder  for  monitoring  the  in- 
frared energy  source's  temperature. 

Circle  No.  227  on  Subscriber  Service  Card 

Thermocouple 

Arnoux  Corp.  offers  a  high-tempera- 
ture thermocouple,  Model  HTT-522, 

designed  to  measure  temperatures  up 
to  6000°F.  Typical  applications  are 
measurement  of  nose-cone  re-entry  tem- 

peratures and  pebble-bed  heater  tem- 
peratures, as  well  as  direct  measurement 

of  reactor-rod  temperatures  in  atomic 
powerplant  operations. 

This  nonmetallic,  high-output  thermo- 
couple can  be  used — depending  on  en- 

vironmental conditions — for  extended 
periods  at  temperatures  to  4200°F,  and 
for  shorter  periods  to  6100°F. 

Circle  No.  22B  on  Subscriber  Service  Card 

Rocket  Test  System 

A  portable  rocket  engine  test  stand 
equipped  with  a  small  rocket  engine  and 
associated  controls  and  instrumentation 
has  been  deveolped  by  Astrosystems 

International,  Inc.,  for  laboratory  use. 
This  system,  designated  Labroc  Model 
V,  can  simulate  operation  of  large  liquid 
rocket  engines  employing  propellants  in 
current  use. 

Designed  to  be  used  as  a  research 
tool,  i.e.,  materials,  propellant  or  plume 
studies  or  as  an  advanced  training  aid, 
the  system  is  completely  safe  and  re- 

quires no  special  facilities. 
In  operation  the  Labroc  Model  V 

simulates  the  characteristics  of  current 
liquid  propellant  rocket  engines  in  terms 
of  combustion  efficiency,  flame  tempera- 

ture, Reynolds  Number  and  nozzle  tem- 
peratures. The  console  dispalys  continu- 

ous monitoring  of  thrust,  combustion 
chamber  pressure,  fuel  flow,  oxidizer 
flow,  coolant  flow,  oxidizer  feed  pres- 

sure, fuel  feed  pressure,  coolant  inlet 
and  outlet  temperatures. 

Circle  No   229  on  Subscriber  Service  Cord 

Temperature  Control 

An  uncalibrated  explosion  -  proof 
temperature  control  is  available  from 
United  Electric  Controls  Co.  Type  F95 
is  designed  to  control  temperature  of 
gases,  liquids,  or  hot  plates  in  hazardous 
locations  where  explosive  vapors  or 
gases  are  present. 

The  thermal  system  consists  of  a 
bulb,  capillary  and  bellows  filled  with 
temperature-sensitive  liquid.  The  bel- 

lows expands  or  contracts  with  heating 
or  cooling,  actuating  a  snap-action 
switch  at  a  preset  temperature  point. 
Temperature  settings  are  made  by  rotat- 

ing a  single  hex  adjustment. 
Circle  No   230  on  Subscriber  Service  Cord 

Si-Coated  Resistors 

A  line  of  silicone-coated  precision 
wire-wound  resistors,  designated  type 
SA,  that  meet  power  requirements  in 
advanced  electronic  circuitry  are  avail- 

able from  California  Resistor  Corp. 
Outstanding  features  include  a  com- 

pletely welded  terminal-to-terminal  con- 
struction, low  noise  and  thermal  EMF 

and  high  stability  (less  than  0.5%  drift 
in  1000  hours  operation  at  full  wattage rating). 

Circle  No.  231  on  Subscriber  Service  Card 

Synchro  Standards 
Astrosystems,  Inc.  has  available 

Models  AM  206S-15  and  AM  207S-15 
Miniature  Precision  Synchro  Standards. 
These  instruments,  despite  their  com- 

pact construction,  generate  precise,  low- 
impedance  servo  signals  which  exactly 
simulate  precision  synchros  at  every  one 
of  the  24  angular  settings  provided. 

Circle  No.  232  on  Subscriber  Service  Card 

missiles  and  rockets,  December  24,  1962 



I .  among  the  more  than  500  R&D  programs  under  way  at  Douglas 

Extensive  research  in  advanced  aero- thermo- 
dynamics relating  to  missiles  arid  space  vehicles 

is  Aow  faeirjg  r^rf oijrnetp  in  Douglasjlaberatfories. 
Among  current  areas  are  dissociation  non- 

"equilibrium  in  supersonic  flows;  separated 
supersonic  boundary  layer  phenomena;  experi- 

outstanding  Career  opportunities  at  Douglas. 

;  Here,  the  emphasis  is  on  "  the  research  and 
L.  development  that  solve  today's  problems  and 

lead  to  involvement  in  the  biggest  defense  and 

mental  boundary  layer  studies;  heat  transfe: 

"tuibulent  hiask  transfer;  and  {base  flop; 
Support  of  this  program  is  provided  tmjou 

a  multi-million  dollar  laboratory  complex.  Ih- 

cluded  is  the  Douglas  Aerophysics'Laboratory, 
one  of  the  finest  fluid  dynamic  research  facili- 

ties in  the  aerospace  industry. 

space  projects  of  tomorrow, 
and  financial  assistance,  are 

Also,  scholarships 

available,  to  con- 
tinue your  studies  hi  such  nearby  universities 

;C.trAT7Southerh"CalifoMia  and  Cal  Tech. 
Seftd  ds  ydur  resume  or  fill  out  arid  mail  the 

coupon.  Within  15  days  from  the  receipt  of 

— your  letter,  we  will  "send  you  specific  rnforma- 
j    tion  6n  opportunities  in  your  field  at  Douglas. 

Of  career  interest  to  engineers  and  scientists 
If  you  are  seeking  stimulating  assignments  and 
-associates,;- fulL^ppoi^ 
an  open  door  to  advancement,  investigate  the 

MISSILE  Si  SPACE  SYSTEMS  DIVISION 

Mr;  F.  V.  Edmonds- 
Missile  and  Space  Systems  Division 

J-6 

Douglas  Aircraft  Company 
3000  Ocean^Pailc-Boulevard 

|  Anjequ^l  opport|tnit3f  employer 
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FOR  A  MOON  VOYAGE,  YOU'LL  NEED  A  MASSIVE  TRUCK,  A  PICKUP,  AND  A  SPORTS  CAR.  UTC  HAS
  ALL  THREE.  NOW.  OUR  TRUCK: 

A  SEGMENTED  MULTIMEGAPOUND,  SOLID  PROPELLANT  ROCKET-BOOSTER,  FOR  BRUTE  FORCE  
TO  PUSH  AN  EXOTIC  PAYLOAD  OFF 

THE  EARTH  OUR  MIDDLE-STAGE  PICKUP:  A  SEGMENTED,  FILAMENT-WOUND,  SOLID  PROPELLA
NT  VEHICLE,  WITH  DEPENDABILITY 

AND  EXCEPTIONAL  PERFORMANCE  AT  ESCAPE  VELOCITIES  (AND  W.TH  ABOUT  200,000  MOVING 
 PARTS  LESS  THAN  LIQUID  SECOND- 

STAGE  ENGINES).  OUR  THIRD-STAGE  SPORTS  CAR:  A  HIGHLY  MANEUVERABLE,  STOPPABLE,  ST
ARTABLE^ABLATION-COOLED  LIQUID 

ENGINE.  FILAMENT- WOUND  FOR  LIGHTER  WEIGHT;  SIMPLE,  RUGGED,  IDEAL  FOR  SOFT  LUNAR 

LANDING.  THE  SYSTEM  IS  RELIABLE.  PRACTICAL.  STATE-OF-THE-ART  DEVELOPMENT  AT  UTC. 

United  Technology  Center P.  O.  BOX  358.  SUNNYVALE,  CALIFORNIA 
(Formerly  United  Technology  Corporation)  Circle  No.  12  on  Subscriber  Service  Card 

DIVISION  OF  UNITED  AIRCRAFT  CORPORATION 
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ISSUES  OF  JULY  2,  1962,  THROUGH  DECEMBER  24,  1962 

At  the  end  of  each  six-month  period,  MISSILES  AND  ROCKETS  pub- 
lishes an  easy-to-find  listing  of  major  news  and  technical  articles  carried  by 

the  magazine.  Note  that  because  M/R  publishes  51  times  a  year,  omitting 
the  last  Monday  in  December,  there  are  no  entries  for  Dec.  31 . 
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ITS  PENTAD  INJECTOR,  7  7/19/62,  p.  77. 

ASME  MEET  REVIEWS  THRUST  VECTOR  CON- 
TROL PROGRESS,  7/9/62,  p.  33. 

BIG  ENGINES:  AEROJET  INJECTOR  UNITS 
AID  LIQUIDS,  CRYOGENICS,  9/24/62,  p. 
43. 

BIG  SOLID  PROGRAM  DETAILED,  72/24/62, 
p.  79. 

GIANT  MOTOR  PLANTS  FOR  MINUTEMAN,  fay 
Richard  van  Osten,  8/6/62,  p.  16. 

MODIFIED  MA-8  PROPULSION  PROVES  ITSELF, 
by  Chris  Butler,  70/8/62,  p.  13. 

NEW  PROCESS  MAY  BOOST  SOLIDS'  lsp,  by William  Be//er,  7/2/62,  p.  16. 
PHOTON  ROCKET  PROPOSED  FOR  DEEP 

SPACE,  10/15/62,  p.  36. 
SUBSYSTEM  KITS  AID  S-IVB  DESIGNERS,  by 

Russell  Hav/kes,  12/3/62,  p.  22. 
TVC  POSITION  ERRORS  ELIMINATED,  by  Wil- 

liam J.  Thayer,  12/13/62,  p.  26. 
UTC  CLAIMS  AERATION  ELIMINATES  INSTA- 

BILITY, by  Frank  G.  McGuire,  7  7/12/62, 
p.  37. 

VARIABLE-THRUST  LIQUID  NEARS  FIRING,  by 
Roberf  Lindsey,  8/6/62,  p.  25. 

Q 

Q-2C  FIREBEE.  Q-2C  FIREBEE  LAUNCHED,  70/8/ 
62,  p.  1 1 . 

QUAIL.  QUAIL  (GAM-72B)  MISSILE  LAUNCHED, 
11/19/62,  p.  9. 

R 

RADAR.  AF  STARTS  TO  BUILD  DETECTION  NET 
FOR  '70'S  WITH  SPADATS  AWARD,  10/ 
75/62,  p.  75. 

NEW  RANGE  RADAR  CLAIMS  HIGH  ACCU- 
RACY, by  Michael  Geller,  7/23/62,  p.  34. 

SATURN  RADAR  ALTIMETER  IN  PRODUCTION, 
by  Arthur  H.  Collins,  7/23/62,  p.  27. 

RADIATION.  APOLLO  CREWS  TO  HAVE  MINI- 
MAL SHIELDING,  71/12/62,  p.  13. 

NUCLEAR  TEST  FOULS  U.S.  SPACE  PROGRAM, 
8/27/62,  p.  13. 

RADIATION    PROBLEM  ATTACKED,  7/30/62, 

p.  19. RELIABLE   RADIATION   TEST   DATA  NEEDED, 
9/17/62,  p.  67. RADIO   INTERFERENCE.    RADIO  INTERFERENCE 
PROBLEMS  TO  WORSEN,  10/15/62,  p.  27. 

RAM  B.  RAM  B  ROCKET  LAUNCHED,  10/1/62, 

p.  72. RANGER.  EXPANDED  RANGER  SERIES  MAY 
TOTAL  20,  by  Chris  Butler,  10/29/62,  p.  15. 

RANGER  SERIES  EXTENDED,  10/22/62,  p.  10. 
RANGER  V.  RANGER  V  TO  TRY  MOON  SHOTS, 

70/75/62,  p.  71. 
REDHEAD/ROADRUNNER.  REDHEAD/ROADRUN- 

NER FLOWN,  70/7/62,  p.  72. 
RE-ENTRY.  HYDRAULIC  SYSTEM  MAY  AID  IN 

RE-ENTRY,  by  Michael  Getler,  10/22/62,  p. 27. 
VOSTOK   ll'S   RE-ENTRY  DESIGN— AN  EDU- CATED SPECULATION,  7/9/62,  p.  18. 

REFRACTORY  MATERIALS.  NEW  FURNACE  AD- 
VANCES REFRACTORIES,  by  John  F.  Judge, 

77/79/62,  p.  37. 
REFRACTORIES  BOW  TO   NEW  PROCESSES, 

fay  John  F.  Judge,  8/20/62,  p.  32. 
RELAY.  RELAY  POISED  FOR  LAUNCH,  72/70/62, 

p.  72. RELAY,  S-55  READY  TO  GO,  72/17/62,  p,  13. 
RELAY  LAUNCHED,  12/24/62,  p.  10. 
POWER  SYSTEMS  FAIL,  12/24/62,  p.  18. 

RELIABILITY.    BLOCK    CIRCUITS    PROMISE  RE- 
LIABILITY, fay  Michael  Getler,  10/29/62,  p. 

38. 
RENDEZVOUS.  NASA  FIRM  ON  LUNAR  ORBIT 

CHOICE,  by  Hal  Taylor,  10/22/62,  p.  13. 
NASA  PICKS   LUNAR-ORBIT  ROUTE,  by  Hal 

Taylor,  7/9/62,  p.  12. 
RIFT.  RIFT  POSES  TRANSPORTATION  HEAD- 

ACHE, by  Robert  Lindsay,  12/10/62,  p.  38. 
ROCKET  MOTORS.  FILAMENT-WOUND  CASE 

MARKET  GROWS,  by  John  F.  Judge,  7/9/ 
62,  p.  24. NEW  HIGH-ENERGY   ENGINE  PLANNED,  by 
Hal  Taylor,  7 12/62,  p.  12. 

ROVER.  ROVER  MOVES  FORWARD,  7/23/62,  p. 
II. 

s 

S-3A.  S-3A  SATELLITE  LAUNCHED,  10/8/62,  p. II. 

S-55.  RELAY,  S-55  READY  TO  GO,  12/17/62, 

p.  73. S-55  LAUNCHED,  12/24/62,  p.  10. 
S-66.  S-66  WILL  CHART  THE  IONOSPHERE,  by 

William  Beller,  8/6/62,  p.  22. 
SALARIES.  CURIOUSER  AND  CURIOUSER;  Edi- 

torial by  William  J.  Cough/in,  7/9/62,  p. 
46. 

R&D  SALARIES;  LETTER  TO  THE  EDITOR  by 
David  E.  Bell,  8/20/62,  p.  6. 

SAMOS.  SAMOS  SATELLITE  LAUNCHED,  7/23/ 
62,  p.  10;  8/13/62,  p.  10. 

SATELLITE  INSPECTOR.  SAINT  REORIENTED  FOR 
FUTURE,  12/10/62,  p.  14. 

SATELLITE  ORBITS.  PROPOSED  SYSTEM  CHECKS 
SATELLITE'S  FIRST  ORBIT,  10/8/62,  p.  20. 

SATELLITES.  ASTROLOG;  CURRENT  STATUS  OF 
U.S.  MISSILE  AND  SPACE  PROGRAMS  PLUS 
ALL  ORBITING  SATELLITES,  7/2/62,  p.  27,- 
9/3/62,  p.  22;  11/5/62,  p.  25. 

NASA  STUDIES  NEW  ANIMAL  SATELLITES,  by 
Heather  M.  David,  9/24/62,  p.  27. 

WORLD  MISSILE/SPACE  ENCYCLOPEDIA: 
SATELLITES,  7/30/62,  p.  48. 

WORLD  MISSILE/SPACE  ENCYCLOPEDIA: 
SATELLITES  IN  ORBIT,  7/30/62,  p.  70. 

See  also  names  of  individual  satellites  such 
as  Explorer,  Tiros,  etc. 

SATURN.  NEW  SATURN  AWARDS  TOTAL  $333 
MILLION,  by  Hal  Taylor,  11/5/62,  p.  16. 

SATURN  C-l.  SATURN  C-l   BOOSTER  FLOWN, 
7  7/26/62,  p.  75. 

SATURN    S-IVB.    SUBSYSTEM    KITS   AID  S-IVB 
DESIGNERS,  by  Russell  Hawlces,  72/3/62,  p. 22. 

SATURN  SA-3.  NEXT  SATURN  SHOT  STILL  DUE 
IN  SPRING,  11/26/62,  p.  72. 

SATURN  SHOT  TESTS  GUIDANCE,  77/79/62, 

p.  8. 

SCOUT.  SCOUT  LAUNCH  VEHICLE  FLIGHT 
TESTED,  9/10/62,  p.  10. 

SEACAT.  SWEDISH-BOUGHT  SEACAT  HAS 
DUTCH  FIRE  CONTROLS,  12/17/62,  p.  38. 

SECOR.  ARMY  SATELLITES  TO  ENHANCE  MAP- 
PING; DETAILS  OF  SECOR  SYSTEM,  by 

James  Trainor,  12/17/62,  p.  16. 
SECURITY.  A  CORRUPTION  OF  SECURITY;  Edi- 

torial  by  William  J.  Cough/in,  7/2/62,  p. 
46. 

SEISMOMETER.  ITT'S  SEISMOMETER  FOR  SUR- VEYOR SPACECRAFT,  8/13/62,  p.  40. 
SERGEANT.  SERGEANT  FIRED,  10/29/62,  p.  77; 

7  7/72/62,  p.  7  0;  12/24/62,  p.  10. 
SERGEANT  SUCCESS  INDICATES  READINESS, 

by  Charles  D.  LaFond,  10/29/62,  p.  16. 
SKYBOLT.  CENTAUR,  SKYBOLT  CONTROLS  DE- 

TAILED, by  John  F.  Judge,  11/12/62,  p. 26. 

SKYBOLT  FATE  UNCERTAIN,  12/17/62,  p.  12. 
SKYBOLT  LAUNCHED,  7/9/62,  p.  10;  9/24/ 

62,  p.  10;  I0/I/62,  p.  12;  12/3/62,  p.  10. 
SLAM.    DOD'S    BROWN    EXPECTED   TO  VETO SLAM,  by  Charles  D.  LaFond,  I0/I/62,  p. 

21. 

SLAM  TO   COST   $500  MILLION  THROUGH 
FLIGHT  TESTS,  10/1/62,  p.  22. 

SNAP  PROGRAM.  PROBE  OF  SNAP  PROGRAM 
UNDER  WAY,  by  William  Beller,  12/10/62, 

p.  27. 
SOUNDING  ROCKETS.  IMPROVED  ARCAS  AIDS 

ANTARCTIC    RESEARCHERS,    by    Tom  Kil- 
patrick,  72/3/62,  p.  24. 

SOUNDING  ROCKETS  FOR  ONLY  $8  A  SHOT, 
by  William  Beller,  8/13/62,  p.  25. 

WORLD  MISSILE/SPACE  ENCYCLOPEDIA: 
SOUNDING  ROCKETS,  7/30/62,  p.  69. 

STEAM   ROCKET   SUCCESSFULLY  TESTED  BY 
FAIRCHILD  STRATOS,  by  John   F.  Judge, 
9/10/62,  p.  24. 

SOVIET  UNION,  see  Union  of  Soviel  Socialist 
Republics. SPACE  FLIGHTS.  COOPER  TO  PILOT  MA-9,  11/ 
19/62,  p.  8. 

MA-8  SHOT  TO  PREP  NASA  FOR  TWO  24- 
HOUR  FLIGHTS,  by  Hal  Taylor,  10/1/62,  p. 
17. 

ONE-DAY    FLIGHT    PLANS    PUSHED;  NASA 
HAILS  COMPLETE  SUCCESS  OF  MA-8,  by 
Hal  Taylor,  70/8/62,  p.  12. 

REVISED  MANNED  FLIGHT  PLANS  OUTLINED 
AT  ARS  LUNAR  MEETING,  7/23/62,  p.  16. 

SPACE  LABORATORY  PROGRAM.  ATLAS,  TITAN 
II  TO  AID  'HITCHHIKERS',  by  Heather  M. David,  8/13/62,  p.  39. 

SPACE  MEDICINE.  NASA  STUDIES   NEW  ANI- 
MAL SATELLITES,  fay  Heather  M.  David,  9/ 

24/62,  p.  27. 
SCHIRRA  CONDUCTS   NEW   BIOMED  TESTS, 

fay  Heather  M.  David,  10/8/62,  p.  14. 
WEIGHTLESSNESS  STILL  WORRIES  SOVIETS, 

by  Heather  M.  David,  10/29/62,  p.  27. 
SPACE  PROBES.  PROBES'  DATA-SYSTEM  DESIGN QUESTIONED,  12/17/62,  p.  34. 
SPACE  SUITS.  LUNAR  FASHIONS  fay  Latex,  12/ 

3/62,  p.  77. 
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SPACE  STATION.  GOODYEAR  SHOWS  NEW  IN- FLATABLE STATION,  by  Michael  Getter,  8/ 
13/62,  p.  24. 

SPACE  TOOLS.  IN-FLIGHT  SPACE  TOOLS  DE- VELOPED, by  Michael  Gef/er,  p.  26. 
SPACE  VEHICLES.  ASTROLOG;  CURRENT  STATUS 

OF  U.S.  MISSILE  AND  SPACE  PROGRAMS 
PLUS  ALL  ORBITING  SATELLITES,  7/2/62, 
p.  27;  9/3/62,  p.  22;  7 1  /5/62,  p.  25. 

WORLD  MISSILE/SPACE  ENCYCLOPEDIA:  VE- 
HICLES, 7/30/62,  p.  56. 

See  also  names  of  individual  space  vehicles 
such  as  Cenlaur,  Delia,  elc. 

SPACECRAFT.   AIR   FORCE  STUDIES  SPACE 
TRAINER,  9/3/62,  p.  72. 

ASTROLOG;  CURRENT  STATUS  OF  U.S.  MIS- 
SILE AND  SPACE  PROGRAMS  PLUS  ALL 

ORBITING  SATELLITES,  7/2/62,  p.  27;  9/3/ 
62,  p.  22;  7 1  /5/62,  p.  25. 

NORTHROP  PROPOSES  SPACE  TRAINER,  by 
Willard  E.  Wilks,  9/70/62,  p.  77. 

TWO-MAN  LUNAR  CRAFT  IS  DOUBTFUL,  8/ 
27/62,  p.  28. 

WORLD  MISSILE/SPACE  ENCYCLOPEDIA: 
SPACECRAFT,  7/30/62,  p.  42. 

See  also  names  ol  individual  spacecraft  such 
as  Gemini,  Mariner,  etc. 

SPARROW.  SPARROW  AIR-LAUNCHED,  8/13/62, 
p.  7  0. 

SPARROW  III.  A  'FIRST'  FOR  SPARROW  III,  8/ 
73/62,  p.  75. 

S PERRY  GYROSCOPE  CO.  SINS-TYPE  GYRO  HAS 
SPACE  POTENTIAL,  7  7/5/62,  p.  48. 

SPUTNIK  IV.  SPUTNIK  IV  BREAKS  UP,  9/77/62, 
p.  7. STRATOSCOPE  II.  STRATOSCOPE  II  FAILS,  7/9/ 
62,  p.  7  7. 

SURVEILLANCE  SATELLITES.  SPY  SATELLITES  HIT 
TECHNICAL  SNAGS,  by  William  Beller,  7  0/ 
22/62,  p.  22. 

SURVEYOR.  SURVEYOR  GROUND  NETWORK  IS 
COMPLEX,  7  2/3/62,  p.  32. 

SURVEYOR  RECORDER/REPRODUCER  TESTED, 
by  Arthur  H.  Collins,  8/20/62,  p.  28. 

SURVEYOR  TESTING,  8/27/62,  p.  28. 
SWEDEN.  WORLD  MISSILE/SPACE  ENCYCLO- 

PEDIA: SWEDEN,  7/30/62,  p.  706. 
SWITZERLAND.  WORLD  MISSILE/SPACE  ENCY- 

CLOPEDIA: SWITZERLAND,  7/30/62,  p. 
7  06. 

SYMPOSIUM  ON  DYNAMICS  OF  MANNED  LIFT- 
ING PLANETARY  ENTRY.  LIFTING  VEHICLE 

PROBLEMS  ATTACKED,  by  William  Beller, 
7  7/5/62,  p.  77. 

T 

TAPE  RECORDERS.  SURVEYOR  RECORDER/RE- 
PRODUCER TESTED,  by  Arfhur  H.  Collins,  8/ 

20/62,  p.  30. 
TELEMETRY.  NEW  TELEMETRY  STUDIED  FOR 

SATURN,  by  Arthur  H.  Col/ins,  9/70/62,  p 
28. 

TELEMETRY;  DATA  BOTTLENECK  DOOMED  BY 
CHANGES,  9/77/62,  p.  47. 

PCM  TELEMETRY  AWARD  FOR  GEMINI  IS  IN 
MULTIMILLION-DOLLAR   CLASS,  72/24/62, 
p.  29. 

TELSTAR.  HELLO,  OUT  THERE;  Editorial  by  Wil- 
liam J.  Cough/in,  7/16/62,  p.  46. 

TELSTAR  HAILED  AS  MAJOR  ADVANCE,  7/ 
76/62,  p.  73. 

TELSTAR  SUCCESSFULLY  LAUNCHED,  7/76/ 
62,  p.  7  0. 

TELSTAR  TO  BE  FIRST  ACTIVE  COMSAT,  7/9/ 
62,  p.  74. 

TEST    FACILITIES.    APOLLO    TESTS   AT  WHITE 
SANDS,  9/77/62.  p.  7. 

FAIRCHILD'S  $2-MILLION  SPACE  LAB  INVEST- 
MENT, by  Michael  Get/er,  7/2/62,  p.  32. 

LONG-DURATION  MACH  15  SHOCK  TUNNEL 
SHOWN,  by  Charles  D.  LaFond,  7  7/72/62, 
p.  34. 

TEXACO  EXPERIMENT,  INC.  SOUNDING 
ROCKETS   FOR   ONLY   $8   A  SHOT;  TEI'S 
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COLD-PROPELLANT  SYSTEM,  by  William 
Beller,  8/13/62,  p.  25. 

THERMIONIC  CONVERTERS.  THERMIONIC  SYS- 
TEM FOR  POWER  IN  '70S,  by  William Beller,  8/20/62,  p.  26. 

THIOKOl  CHEMICAL  CORP.  COST  CONSCIOUS- 
NESS YIELDS  BULLPUP  ENGINE  SAVINGS, 

by  John  F.  Judge,  10/22/62,  p.  32. 
GIANT  MOTOR   PLANTS   FOR  MINUTEMAN, 

by  Richard  van  Osten,  8/6/62,  p.  16. 
THOR.  THOR  BOOSTER  AND  MISSILE  TESTED, 

7/2/62,  p.  70;  7/16/62,  p.  70,  8/6/62,  p. 
70;  7  0/22/62,  p.  7  7;  17/5/62,  p.  7  7. 

THOR-ABLE-STAR.  THOR-ABLE-STAR  BOOSTS 
ANNA  SATELLITE,  11/5/62,  p.  II. 

THOR-AGENA  B.  THOR-AGENA  B  LAUNCHES 
SATELLITE,  9/24/62,  p.  10. 

TIROS.  EIGHT  MORE  TIROS  VEHICLES  PLANNED, 
10/29/62,  p.  15. 

TIROS  VI.   TIROS  VI   IN  ORBIT;  WILL  ASSIST 
MA-8,  9/24/62,  p.  29. 

TIROS  VI  LAUNCHED,  9/24/62,  p.  10. 
TIROS  VI  TO  TRACK  STORMS,  9/17/62,  p.  8. 

TITAN  I.  TITAN  I  ICBM  LAUNCHED,  70/75/62, 
p.  7  7,  72/70/62,  p.  12. 

TITAN  II.  TITAN  II  FIRINGS,  7/9/62,  p.  70,  7/ 
7  6/62,  p.  7  0;  7/30/62,  p.  75;  9/17/62,  p. 
7,  10/22/62,  p.  70;  7  7/5/62,  p.  7  7;  72/77/ 
62,  P.  73;  72/24/62,  p.  70. 

TITAN  III.  AC  WILL  MODIFY  TITAN  II  GUID- 
ANCE FOR  TITAN  III,  8/27/62,  p.  74. 

AF  PONDERS  BIG  SOLID  SUPPORT  PROBLEMS, 
by  Michael  Getler,  12/24/62,  p.  20. 

DOD  APPROVES  TITAN  III,  8/20/62,  p.  10. 
NEW  TITAN  III  DETAILS,  9/10/62,  p.  10. 
TITAN  III  TEST  STAND  BEGUN,  12/3/62,  p. 

71. 
THE  VARIED  SHAPES  OF  WORKHORSE  TITAN 

III,  7/2/62,  p.  75. 
TRACKING  SYSTEMS.  ARCAS  TO  UPDATE  AT- 

LANTIC TRACKING,  by  Arthur  H.  Col/ins, 
7/16/62,  p.  22. 

AVCO   DEVELOPS  3-D  SPACE  TRACKER,  by 
Charles  D  LaFond,  8/27/62,  p.  33. 

LASER  TRACKING  TO  GET  BOOST  IN  S  66, 
11/72/62,  p.  77. 

SPACE  ELECTRONICS:  TRACKING  AND  CON- 
TROL. MORE  LAUNCHES  WILL  TAX  TECH 

NIQUES,  9/17/62,  p.  36. 
TRANSIT.  TRANSIT  5-A  ORBITED,  72/24/62,  p. 

70. 
TRS.  TRS  RESEARCH  SATELLITE  LAUNCHED,  17/ 

19/62,  p  9. 

u 

UNION  OF  SOVIET  SOCIALIST  REPUBLICS.  HOW 
THE    COSMONAUTS    WERE    TRAINED,  by 
Colonel  Yevgeni  Petrov,  8/20/62,  p.  14. 

MEANING   OF    VOSTOKS;    LETTER    TO  THE 
EDITOR,  by  L.  H.  Grasshoff,  8/27/62,  p.  6. 

RUSSIA  COUNTERS  ISRAELI   DEAL,  70/8/62, 

p.  77. RUSSIANS  REPORT  CUTBACK  OF  30%  IN 
ROCKET  PROBES,  12/3/62,  p.  31. 

SOVIET  AFFAIRS,  by  Dr.  Albert  Parry,  7/9/ 
62,  p.  34,  7/23/62,  p.  42;  8/20/62,  p.  40, 
10/8/62,  p.  28,  10/29/62,  p.  49.  11/19/ 
62,  p.  49. SOVIET   SPACE    FAILURES   ARE  DISCLOSED, 
9/10/62,  p.  12. SPACE  COOPERATION  PROMISING,  12/10/ 
62,  p.  12. VOSTOK  PATHS  OVER  NORTH  AMERICA,  9/ 
10/62,  p.  16. 

VOSTOKS  III  8.  IV;  LETTER  TO  THE  EDITOR, 
by  Saunders  B.  Kramer,  9/3/62,  p.  7. 

WEIGHTLESSNESS  STILL  WORRIES  SOVIETS, 
by  Heather  M.  David,  10/29/62,  p.  27. 

WORLD  MISSILE/SPACE  ENCYCLOPEDIA:  SO- 
VIET UNION,  7/30/62,  p.  709. 

UNITED  KINGDOM,  see  GREAT  BRITAIN. 
UNITED  NATIONS.   UN   SPACE  TALKS:  PROG- 

RESS IS  SOUGHT  DESPITE  SOVIET  MOVES, 
9/24/62,  p.  22 

UNITED  STATES.  THE  BIG  KNIFE;  Editorial  by 
Wi//iom  J.  Cough/in,  8/20/62,  p.  46. 

HOLIFIELD  HITS  AT  'MOON  MADNESS,'  7  2/ 
3/62,  p.  73. KENNEDY  BACKS  SPACE  EFFORT,  9/17/62, 

P.  7. 

MILITARY  SPACE  MOVE  LEFT  TO  RUSSIANS, 
9/70/62,  p.  16. 

NEW  STUDY  OF  SPACE  BENEFITS  WEIGHED, 
by  Hal  Taylor,  70/75/62,  p.  74. 

PLAYING  WITH  BLOCKS;  Editorial  by  William 
J.  Coughlin,  8/27/62,  p.  58. 

RESPONSIBILITY  IN  CRISIS;  Editorial  by  Wil- 
liam J.  Coughlin,  7  0/29/62,  p.  62. 

SANE  SPACE  POLICY  ASKED,  7  7/19/62,  p 70. 

SPACE  COOPERATION  PROMISING,  12/10/ 
62,  p.  72. SPACE  PROGRAM  SET  AT  $7  BILLION,  by  Hal 
Taylor,  9/24/62,  p.  1  2. 

A  TIME  FOR  ACTION;  Editorial  by  William 
J.  Coughlin,  7/23/62,  p.  46. 

U.S.  MAPS  PLAN   FOR  'QUIET  SUN  YEAR,' by  Heather  M.  David,  7/16/62,  p.  16. 
U.S.  PLANS  NO  'CRASH'  SPENDING,  by  Hal 

Taylor,  8/20/62,  p.  7  2. 
U.S.  TO  SPEND  $16.2  BILLION  IN   FY  '63, 7/30/62,  p.  23. 

UNITED  TECHNOLOGY  CORP.   UTC  NOW  OP 
ERATING  DIVISION,  72/3/62,  p.  70. 

UTC  SEES  7  20-IN.  PROJECT  AS  'MOMENT  OF 
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when  and  where- 

DECEMBER 

Space  Physics  Meeting,  American  Rocket 
Society  and  American  Assn.  for  Ad- 

vancement of  Science,  Philadelphia, 
Dec.  26-31. 

American  Astronautical  Society  Sympo- 
sium on  Scientific  Satellites — Mission 

and  Design,  Franklin  Hall,  Philadel- 
phia, Dec.  27. 

JANUARY 
Millimeter  and  Submillimetcr  Conference, 

IRE,  Cherry  Plaza  Hotel,  Orlando, 
Fla.,  Jan.  7-10. 

American  Chemical  Society  National  Meet- 
ing, Cincinnati,  Jan.  13-18. 

Automotive  Engineering  Congress  and 
Exposition,  Society  of  Automotive  En- 

gineers, Cobo  Hall,  Detroit,  Jan.  14-18. 
Ninth  Annual  American  Astronautical  So- 

ciety Meeting,  Statler  Hilton  Hotel. 
Los  Angeles,  Jan.  15-17. 

31st  Annual  Meeting,  Institute  of  the  Aero- 

space Sciences,  Hotel  Astor,  New  York 
City,  Jan.  21-23. 

43rd  Annual  Meeting,  American  Meteoro- 
logical Society,  New  York  City,  Jan. 

21-24. 

Ninth  National  Symposium  on  Reliability 
and  Quality  Control,  Sheraton-Palace 
Hotel,  San  Francisco,  Jan.  22-24. 

Fifth  Annual  Army  Aviation  Contract 
Services  Symposium,  sponsored  by  Na- 

tional Aeronautical  Services  Assn.,  In- 
ternational Inn,  Washington,  D.  C, 

Jan.  28. 
Fourth  Annual  Solid  Propellant  Rocket 

Conference,  American  Rocket  Society, 
Bellevue  Stratford  Hotel  and  the  Frank- 

lin Institute,  Philadelphia,  Jan.  30- Feb.  1. 

FEBRUARY 

Symposium  on  Engineering  for  Major 
Scientific  Programs,  Georgia  Institute 
of  Technology,  Atlanta,  Feb.  5-6. 
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editorial . . 

Letter  From  the  Editor 

WITH  THIS  last  issue  of  December,  it  is  once 
again  time  to  look  back  in  our  annual  survey 

of  the  industry's  accomplishments  during  the  year. 
The  list  is  impressive. 

At  the  same  time,  a  glance  ahead  at  1963  leads 
to  a  forecast  that  while  the  coming  year  will  perhaps 
be  less  exciting  for  the  industry,  it  will  be  one  in 
which  considerable  progress  will  be  made  in  a  more 
mundane  fashion. 

The  thrilling  payoffs  of  1962  in  scientific  and 
technical  advances  in  space  will  not  really  be  re- 

peated again  until  1964.  The  new  year  will  be  one 
in  which  many  of  the  accomplishments  of  the  past 
year  will  be  digested  and  the  foundations  laid  for 
further  steps  forward. 

It  will  be  a  year  of  solid  progress.  But  it  will 
not  be  a  year  to  match  the  swift  strides  and  exciting 
successes  of  1962.  A  baby's  first  steps  always  are those  most  warmly  remembered. 

This  was  the  year  in  which  three  Americans  made 
their  first  orbital  flights  around  the  Earth.  Lt.  Col. 
John  H.  Glenn  of  the  U.S.  Marine  Corps  was  the 
first,  while  an  entire  nation  watched  on  television  with 
throat-clutching  fear  and  pride.  He  was  followed  in 
his  three-orbit  flight  by  the  Navy's  Commander  Scott 
Carpenter  and  by  Commander  Walter  Schirra,  who 
made  the  first  six-orbit  trip. 

This  also  was  the  year  in  which  the  team  for 
the  Apollo  manned  lunar  flight  firmed  up  its  direc- 

tion and  began  the  long  task  of  sending  a  U.S.  ex- 
pedition to  the  Moon  and  back  later  in  this  decade. 

The  decision  was  made  to  employ  lunar  orbit  ren- 
dezvous in  the  attempt.  To  one  of  the  nation's  finest builders  of  aircraft,  Grumman  Aircraft  Engineering 

Corp.,  went  the  award  for  the  Lunar  Excursion  Mod- 
ule which  will  land  the  first  Americans  on  the  Moon. 

For  Apollo,  the  glory  lies  in  the  future  but  the  hard 
work  got  under  way  this  year. 

For  the  first  time  in  the  history  of  man,  Earth 
reached  out  during  1962  and  probed  the  surface  of 
one  of  its  planetary  neighbors.  The  Mariner  II  fly-by 
of  Venus  was  a  space  accomplishment  which  re- 

flected great  credit  on  all  those  associated  with  the 
program.  Even  now,  the  data  are  being  analyzed 
which  will  give  us  the  first  elementary  information 
on  the  cloud-shrouded  planet.  The  sheer  magnitude 
of  the  Mariner  accomplishment  is  hard  to  grasp,  for 
it  has  opened  a  door  which  never  again  will  be  closed. 
The  gain  in  actual  information  will  be  minute  in 
comparison  with  future  strides,  but  it  is  a  scientific 
"first"  which  will  long  be  remembered. 

Then  there  was  Telstar.  Here  again  was  a  space 
achievement  which  caught  the  imagination  of  the 
entire  nation.  It  also  offered  the  first  practical  dem- 

onstration of  the  use  of  satellites  for  commercial 
purposes.  Transatlantic  transmission  of  television, 
telephone  conversations  and  data  by  commercial  sat- 

ellite were  proven  out.  The  private  enterprise  experi- 
mental satellite  was  the  first  step  toward  the  im- 
mense military  and  commercial  communications 

systems  which  will  orbit  the  Earth  in  years  ahead. 
Telstar's  government  cousin,  Relay,  also  was 

placed  in  near-perfect  orbit,  but  equipment  break- 
down brought  initially  disappointing  results. 

Nor  was  all  well  in  other  areas  of  the  nation's 
missile/space  programs.  Efforts  to  probe  the  Moon 
resulted  in  five  straight  failures  in  the  Ranger  pro- 

gram, although  lunar  impact  was  accomplished. 
Ranger  has  been  given  the  go-ahead  sign  by  a  special 
investigating  committee  and  will  try  again  in  1963. 
The  delay-plagued  Centaur  program  continued  to 
limp  along  this  year.  Whether  its  management  trans- 

fer to  Lewis  Research  Center  will  cure  its  ills  remains 
to  be  seen.  But  the  Centaur  troubles — if  not  solved — 
will  affect  seriously  the  U.S.  space  program  in  the 

years  ahead. 
Advent,  ill-starred  Army-managed  effort  at  a  tri- 

service  military  communications  satellite  system, 
came  to  the  end  of  the  trail  during  1962.  The  pro- 

gram was  wiped  out,  to  hearty  cheers  from  the  Air 
Force,  and  is  to  be  replaced  by  a  better-oriented 

program. 

IN  THE  MISSILE  FIELD,  both  Skybolt  and  Polaris 
A-3  were  ending  the  year  on  a  gloomy  note.  Sky- 

bolt's  troubles  were  technical,  budgetary  and  political. 
The  troubles  of  the  A-3  Polaris,  according  to  its 

technicians,  were  random.  The  past  record  of  this 
program  is  such  that  1963  most  likely  will  see  its 
difficulties  solved  and  schedules  met. 

But  the  missiles  that  gave  the  most  trouble  during 
the  year  and  provided  some  of  its  most  exciting 
moments  were  not  even  U.S.-made.  They  were  Rus- 

sian T-4's  and  TSA's  planted  on  Cuban  soil  by  the 
Soviet  Union.  Their  threat,  before  removal,  served 
again  as  a  reminder  of  the  deadliness  of  the  products 
of  this  industry. 

Nor  were  Soviet  accomplishments  during  the 
year  limited  to  shipping  missiles  and  aircraft  back 
and  forth  across  the  Atlantic.  The  most  spectacular 
manned  space  achievement  to  date  came  with  the 
twin  flights  of  Soviet  cosmonauts  Nikolayev  and 
Popovich,  a  near-rendezvous  in  space  which  will  not 
be  matched  by  the  U.S.  in  the  year  ahead.  There  also 
is  a  Russian  probe  enroute  to  Mars  as  the  year  ends. 

Meanwhile,  the  record  of  the  giant  Saturn  booster, 
with  three  successful  launches  at  Cape  Canaveral, 
offers  hope  of  swift  U.S.  strides  in  pursuit  of  the  Rus- sians in  this  decade. 

ALL  IN  ALL,  an  intense,  exciting  year  which  we 
'  close  with  the  traditional  greeting  from  all  of 

us  on  Missiles  and  Rockets  to  all  of  you.  A  very 
Merry  Christmas  and  a  peaceful,  Happy  New  Year. 

William  J.  Coughlin 
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Hughes  is  hiring!  Numerous  opportunities  now  exist  in  a  variety  of 
advanced  projects  and  studies.  Examples  include:  The  SURVEYOR  — which  will  soft 
land  an  instrumented  payload  on  the  moon,  SYNCOM— synchronous-orbit  communi- 

cations satellite,  VATE— automatic  test  equipment  for  ballistic  missiles,  anti-ballistic 
missile  defense  systems— boost-intercept,  mid-course  and  terminal,  and  many  others. 
Positions  are  open  at  all  levels  for  specialists  with  degrees  from  accredited  universities. 

CONTROLS  ENGINEERS.  Concerns  airborne 
computers  and  other  controls  related  areas  for: 
missiles  and  space  vehicles,  satellites,  radar 
tracking,  control  circuitry,  control  systems, 
control  techniques,  transistorized  equalization 
networks  and  control  servomechanisms. 
CIRCUIT  DESIGNERS.  Involves  analysis  and 
synthesis  of  systems  for:  telemetering  and  com- 

mand circuits  for  space  vehicles,  high  efficiency 
power  supplies  for  airborne  and  space  electronic 
systems,  space  command,  space  television,  guid- 

ance and  control  systems,  and  many  others. 

INFRARED  SPECIALISTS.  To  perform  sys- 
tems analysis  and  preliminary  design  in  infrared 

activities  for  satellite  detection  and  identification, 
air-to-air  missiles  AICBM,  infrared  range  meas- 

urement, air-to-air  detection  search  sets,  optical 
systems,  detection  cryogenics  and  others. 
SYSTEMS  ANALYSTS.  To  consider  such 
basic  problemsas:  requirements  of  manned  space 
flight:  automatic  target  recognition  requirements 
for  unmanned  satellites  or  high  speed  strike  re- 

connaissance systems;  IR  systems  requirements 
for  ballistic  missile  defense. 
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Mr.  Robert  A.  Martin 
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A  NEW  SUBMINIATURE  VARACTOR  DIODE 

Bomac  Laboratories'  new  ThermoBond*  silicon  varactor  diode  provides  the  microwave  designer  with  a 
subminiature  silicon  component  offering  great  reliability,  uniformity,  packaging  simplicity,  and  size  advantages. 

Reliability  is  achieved  through  matching  metal-to-ceramic  seals  and  welded  construction.  There  is  no  C-spring 
to  work  loose  from  environmental  shock,  and  extreme  temperature;  an  important  noise  source  is  eliminated. 
Uniformity  is  assured  through  heat  bonding  and  batch  process  manufacturing  techniques.  Packaging 
simplicity  is  evident  in  the  extremely  small  size  of  the  ThermoBond  diode.  It  easily  withstands  normal  soldering 
temperatures.  In  addition,  hermetically-sealed  case  construction  provides  long-life  stability,  independent  of 
environmental  conditions.  Retrofit  packaging  is  available.  A  single  case  dimension  covers  252  electrical  values. 
Bomac  ThermoBond  silicon  varactor  diodes  are  designed  for  use  in  microwave  limiters,  sideband 
modulators,  harmonic  generators,  low-noise  parametric  amplifiers,  as  tuning  elements  in  voltage  control 
oscillators,  and  in  solid  state  duplexers. 
Write  for  technical  data  on  the  ways  in  which  ThermoBond  diodes  by  Bomac  can  aid 
your  microwave  system  design  problems.  trademark 
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